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LAND USE GEOLOGY OF WESTERN CURRY COUNTY, ORE G ON 

INTRODUCT ION 

P u r p o s e  

Responsible land use p lanni ng and land management requ ire an adequate data base with regard to 
the use potent ia l s  and use l imitations of the land . Prov id ing the maximum amount of pract ica l informa­
tion to the greatest number and variety of users i n  western Curry County is the purpose of this  study . 

The need for systematic and re l iable i nformat ion about geo log ic  hazards,  eng ineeri ng propert ies, 
and resources i s  ga i n i ng wider recognition by State offic ia l s ,  County offic ia l s ,  p lanners , deve lopers, 
engineers , and private c i t izens . Senate Bi l l  1 00 ,  passed by the Oregon Leg i s lature in 1 973,  created a 
Land Conservat ion and Deve lopment Commission for the purpose of implement i ng statewide p lanning goa ls  
and coord inating comprehensive p lans . Technica l informat ion of the sort prov ided i n  this bu l let i n  is  es­
sent ia l  to the success of that and s imi lar efforts on the State and loca l  leve l i n  Oregon . 

Legal  trends in recent years have been toward p lacing increas ing respons ib i l i t ies on perm it-grant ing 
agencies . I n  Ca l i forn ia ,  recent ly ,  a county road project perpetrated a lands l ide , and runoff from a county­
approved subdivision adverse ly affected neighbor ing property . In both cases,  l iabi l i ty was p laced upon 
the county (Sch l icker and other1, 1 973) . The i nformation provided in th i s  bu l l et in w i l l  enab le the per­
sonne l of Curry County to eval uate and p lan future deve lopment more e ffectively . 
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2 LA N D  U S E  G EO LO GY OF CURRY COU NTY 

Pr 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 

Th i s  report is a comprehensive and systemat ic treatment of the geo logy and geolog ic hazards of 
western C urry County . I t  i s  broader in scope than any previous i nvestigat ion in the area and treats top ics 
never before studied on a regiona l basis i n  the area . I t  i s  part of an  ongoi ng program of basic  geo logic 
hazards research in Oregon be i ng conducted by the Oregon Department of Geology and Mi nera l! ndustries . 

Major recent i nvestigations i n  the study area i nc l ude sma l l-sca le geo logic mappi ng by Dott ( 1 971) 
and We l ls and Peck (l96 1 ) ,  and more deta i led geologic mappi ng i n  the west centra l part of the County by 
Koch (1966) . Phi l l ips (1968) and Brownfie ld (1972) mapped parts of northern Curry County . Co leman 
(1972) invest igated the struct ure and rock composit ion of the Colebrooke Sch ist . More loca l studies i nc l ude 
those at Cape B lanco (Dott , 1 962) , Cape Sebast ian (Howard and Dott , 1961), and H umbug Mounta in  (Koch 
and others , 1 961) , on the various sea stacks (H unter and others, 197 0) , at scen ic  poi nts a long the coast 
( Lund , 1975) , and i n  the Agness area (Baldw i n ,  1 968) . Offshore st ructures and tecton i cs are prese nt ly 
being i nvestigated by personne l of the U. S .  Geo log i ca l  Survey and Oregon State Univers i ty and others . 
Deposi t iona l environments, mar ine terraces, and possib le  P le i stocene fau l ts are bei ng i nvestigated by the 
U. S. Geo log ica l  Survey on a long-term bas i s .  Soi l properties and use l imitations are the subject of con­
t inu ing i nvest igat ions by the U .  S .  Soi l Conservat ion Serv ice . 

Geolog ic  mapping conducted during this  investigation i nc l uded reconnai ssance fie l d  work to a l l  
access ib le  areas , examination of sate l l i te and U-2 imagery ,  and deta i led study of aeria l photographs w ith 
stereoscopic coverage . Numerous other i nvest igations of more I imited scope have been comp leted i n  
rece nt years . A comp lete l i st ing o f  a l l  data sources used i n  th i s  study is  g iven  i n  the b ib l iography . Much 
data and many concepts used i n  th i s  report were deve loped outside the study area and are being app l ied 
to C urry County for the first time . These refere nces are a l so l i sted . Refere nces of spec ia l  s ignifi cance 
to part icu lar top ics are c i ted in the appropriate parts of the text . 

H o w t o  U s e t h e R e p o r t  

Genera l 

A land use p lanner is any person or body of persons who uses or manages the land with foresight 
regard i ng the characterist ics of the land . In  addition to county and c i ty p lanners , land use p lanners 
shou ld inc l ude deve lopers , po l i cy formu lators on the nat iona l ,  state , and loca l leve l ,  land holders, 
architects, eng i neers ,  natura l resource specia l i sts , and others . 

This  bu l let in provides p lanners i n  C urry County with information necessary to make va l id dec isions. 
It i s  a synthesis of present thought regard ing the geologic cond i tions and hazards of the reg ion . The 
mater ia l  i s  re connaissance i n  nature , however 1 and is  subject to refi nement based upon add it iona l i nvesti ­
gat ions . The maps, l ike a l l maps , represent average cond i t ions as they actua l ly occur on the ground, and 
on-s ite examination is  required for speci fi c  s i te eva l uat ion . 

The bu l let in is organized to fac i l i tate easy reference . It i nc l udes maps and tables which i nterre late 
the various hazards and systematica l ly present informat ion about them. The text is d iv ided i nto sections 
dea l ing w i th each specif ic hazard and is an e laboration of the materia l presented on the tab les and maps . 
It is thorough ly cross referenced . A summary and g lossary are a l so i nc l uded . It has a potentia l for a wide 
variety of uses as d iscussed be low .  

S ite eva l uations 

Proper use of this  docume nt in pre l iminary s i te eva luations is shown diagrammat ica l ly on the f low 
chart i n  Figure 1 .  In genera l ,  the maps, tab le s ,  and text are used to assess the use potent ia l s  and use 
l imitat ions of the land . These are matched by the p lanner with the specif ic  s i te requirements of the 
proposed deve l opment and the surround i ng area to determine i f  the deve lopment and site characteri st ics 
are compati b l e .  An apprec iat ion of sca le is  a key prerequisite to the proper use of this  bu l le t i n .  For 
precise decisions it is essent ia l  that the text and probab ly other sources of i nformation be consu l ted . 



INTRODUCTION 

Examples include evaluating proposed develop-
1. DEFINE TASKS ments, advising residents, implementing or 

revising zoning codes, evaluating zoning vari-

I ances, developing goals and guidelines. 

2. LOCATE SITE Locate the site visually on the appropriate 
geologic units map and geologic hazards map. 

3. IDENTIFY GEOLOGIC Use the geologic units map and text to deter-
HAZARDS AND NATURAL mine bedrock and natural resources and to 
RESOURCES approximate soil type. Use geologic hazards 

map and text to determine geologic hazards. 
Specific reference may be made to the site 
in various parts of the text. 

4. ASSESS THE SITE Define the physical capabilities and resources 
of the land. Define the physical liabilities of 
the land. The text is organized and cross-
referenced to facilitate this type of use. Con-
suIt cited references or appropriate agencies 
where necessary. 

5. EVAWATE THE PROJECT Compare the physical capobi lities and liabi 1-
ities of the land with the physical requirements 
of proposed use. Consider possible engineering 
and ·land management solutions. Consider im-
pact on surrounding properties and land uses. 

6.  PLAN Consideration must be given to information 
from other sources including local and regional 
goals, guidelines and policies, in addition to 
economic, social, and political conditions. 

Figure 1 .  Suggested use of this bulletin in site evaluations: The bulletin is of use not 
only to planners on the city, county, and state level,. but also to policy formu Ia tors 
on the notional, state, and local level, resource specialists, landholders, devel­
opers, architects, engineers, and the general public. 

3 
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Land use capabi l ity ana lysis 

Data provided in this bu l l e t in  and on the accompany ing maps can be used to deve lop sets of gener­
a l i zed overlay maps to aid in l and-use capabi l i ty ana lyses , For part icu lar types of l and use , over lays of 
re l evant hazards and bedrock cond i tions can be abstracted from the text and maps . Composite maps can 
then be made for terra i n  eva l uat ions . To be va l i d ,  however,  such maps should meet three spec ifi cat ions : 

( 1 )  The maps shou ld  be prepared for one type of deve lopment or for sets of c lose ly  re lated types of 
deve lopment . Because the physica l requ i reme nts for unre lated types of land use di ffer cons iderabiy;­
s ing l e  maps depict ing land use capab i l i ty for numerous types of use are common ly  too genera l ized 
to be pract i ca I .  

(2) Capab i l ity categories descr ibed i n  the map legends must be rea l i stic . This  require s  thorough 
know l edge of a )  the i nformation pre sented in the text , b) the spec i fi c  requ i reme nts of the land 
use u nder considerat ion�and c) the types of eng i neer ing so l ut ions avai !ab l e . Assignment of 
pure ly arbitrary va l ue s  to the various hazards i s  unrea l i sti c ,  

(3) Sca l e  must be proper ly  apprec iated ,  O n  the map s�a l e  used i n  th i s  publ icat ion statements must 
be v iewed as genera l ized first approximat ions of actua l on-site cond it ions for spec i fic parce l s  
of land . Prov i s ions must be made for more deta i l ed study . 

Projection of data 

On the county and city leve l ,  spec ia l ists commonly possess a wealth of deta i led i n formation on 
spec i fi c  sites in the i r  respective fie lds of expert i se , but do not have readi ly at the i r  di sposa l a mechanism 
for project ing the ir  observat ions i nto other areas,  Thus, an indiv idua l may have detai led i nformation of 
a spec i fi c  sept ic-tank fa i l ure or a ma n-i nduced lands l ide but may not have adequate means of ant ic ipat ing 
s imi lar prob lems e l sewhere . Th i s  bu l l et i n ,  by i nterre lat ing geo log ic units,  soi l s ,  s l opes , l andforms, hazards, 
and minera l resources and by mapp ing these features on a regiona l bas i s ,  prov ides the spec ia l ist wi th  the 
too l s  he needs to extrapo l ate his observat ions i nto new areas and to make pre l im inary assessme nts on sites 
for which no deta i led informat ion is  avai lab l e .  T he distribution and causes of the various hazards d i scussed 
i n  the text are emphas ized part l y  to i nsure max imum uti l i ty of the bu l le t in  for this  purpose . An add i tiona l  
benefit o f  the bu l le t in  i s  t hat i t  i nforms the speci a l ist of addit ional  land characterist ics re l ated to h i s  fie ld  
of expert ise about which he m ight ot herw ise be unaware , 

Po l i cy formu lat ion 

Used in conj unct ion with a set of rea l i st ic  goa l s ,  this pub l ication can be i nva l uab le  in formu lat ing 
l and-use po l ic ies on the loca l a nd reg ional leve l . Such po l ic ies shou ld represent a coordi nated e ffort on 
the part of government agenc ies of various l eve l s ,  should consider a l l  s ignif icant geolog ic  hazards,  and 
shou ld make provi s ions for loca l condi t ions as revea led by on-site eval uat ions . A l though po l ic ies are 
designed to protect the pub l i c ,  they shou ld not be based on over-react ions arising from inadequate i nfor­
mation regard ing the magnitude of given hazards of other geologic conditions . 
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GEOGRAPH Y  

L o c a t i o n  a n d  Ext e n t  

The study area encompasses the western third o f  Curry County and the area surrounding the community 
of Agness on the Rogue River (Figure 2). It is bounded on the west by the Pacific Ocean, on the north by 
Coos County, and on the south by California. The eastern boundary follows the edges of topographic maps 
or section lines selected to include part of the Chetco drainage. 

Parts of a l l  seven topographic quadrangle maps are included. Total areal extent i s  approximately 
750 square miles. Access is provided by Highway 101 along the Coast and county roads along the Rogue 
River, Chetco River, and other major drainages. Private roods provide access to the more remote upland 
areas. 

42 
Figure 2. Index map of study area showing 

quodrang le map coverage. 15' series 
maps are used in this study. 
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C l i m a t e  

T he c l i mate of the study area i s  moist and temperate owi ng to the preva i l i ng wester l ies and t he 
prox im i ty of the Paci fi c  Ocean .  W i nters are wet and m i ld to coo l ,  and summers are warm and dry w ith  
i ntermittent ra in . Temperature data are summar ized on Tab le  1 .  Ra i nfa l l  varies from approx imate ly  80 
i nches a long most of the coast to as much as 1 20 inches on the s lopes of the more rugged i nterior up lands 
in the eastern parts of the study area . Annual ra infa l l  i s  81 i nches at Brooki ngs and Gold Beach and 70 
i nches at Port Orford , and is summari zed on Tab l e  1 .  Measureab le  prec ipi tation in coasta l areas fa l l s 
about 1 25 days out of the year . 

Summer w i nds are characterized by steady moderate breezes from the north and northwest . W i nter 
wi nds consist of steady offshore breezes from the south and southeast and occas iona l strong onshore ga les  
from the southwest . W i nd ve locit ies dur ing the Co lumbus Day storm (October 18, 1 962) were c locked at 
1 45 mi l es per hour at Cape B lanco after one cup had been b lown off the anemometer . W i nds wi th  gusts 
up to 1 40 mi les per hour were c locked duri ng a brief storm in December 1 975 . Autumn and spr i ng w inds 
are trans i t iona l between t hose of summer and w i nter and are a mix of both .  

Tab le 1 .  C l imatic data - Curry County, Oregon* 

Jan . Feb . Mar . Apr . May June Ju lz:: Aug . Sept . Oct . Nov . Dec .  Ann . 
Mean preci pitation 

Brookings 1 3 .2 1 1 . 1  1 0.2 5 . 4  4.3 2.5 0.6 0 .6  1 .8 7.3 1 0 . 8  1 3 . 8  8 1 . 4  
Go ld Beach 14 . 1  1 0.7 1 0 . 5  5.5 4.2 2 .1  0.5 0.6 1 . 8 7.0 1 0 . 7  1 4.0 8 1 .4 
Port Orford 1 1 . 9 9. 1 8.4 5. 1 3 . 6  2 . 0 0 .6  0.6 2 . 5  5 . 8  9 . 1 1 1 . 4 70 . 1  

Mean temperature 
Brookings 47. 1  48.0 48 . 9  5 1 . 1  54.6 57.7 58 . 9  58 . 9  59 . 5  56.0 51 . 7  48.8 53 .4  
Gold Beach 46.3 47.2 47.7 49 . 7  52 . 7  56. 1 58.1 58.5 58.0 54.5 51.2 48.3 52 . 4  
Port Orford 46 . 3  46.9 48 . 0  50 . 1  52.8 56 .1  58.9 59 . 4  58.0 54.7 50.2 47 . 9  52.4 

Highest temperature 
Brookings 78 80 88 92 99 1 00 99 98 100 96 88 79 
Go ld Beach 73 77 81 92 89 96 88 93 90 98 76 70 
Port Orford 78 79 82 90 90 89 86 85 95 95 78 78 

Lowest temperature 
Brookings 2 1  26 29 30 33 34 41 37 34 32 28 17 
Gold Beach 20 25 25 27 23 34 37 36 36 32 25 20 
Port Orford 20 22 27 28 32 36 36 35 37 30 24 15 

*Based upon approximately 50 years of observation to the year 1 960 

T o p o g r a p h y  

T he landforms of western Curry County are grouped i nto three major categor ies :  up lands,  terraces,  
and low lands . T he character ist ics of  each are products of the mater ia l s  which form them, the processes 
that are present ly act i ng upon them,  and the i nteraction between each of t hese . Each landform is char­
acterized by a unique assoc iat ion of rock type , soi l s ,  and process or geo log ic hazard as summarized on 
Table 2. A know ledge of landform i s  fundamenta l to the regiona l  understand i ng of geo log ic  hazards . 

The hi l ls and mounta i ns of the study area const itute the up lands .  E levat ions range from sea leve l 
at the base of sea c l i ffs to greater than 4, 000 feet i n  the i nterior . Re l i e f  i s  genera l ly less than 2, 000 
feet . S l opes range from gent le  to vertica l but are commonly moderate ly steep to steep . 

Terraces consist of 1 )  wave-cut surfaces w ith mar i ne depos its a long the coast and 2) d issected rem­
a nents of e l evated flood p la i ns a l ong ma jor streams . Mari ne terraces form f lat to reg iona l ly warped coasta l 
expanses and r idge caps and are genera l ly less than 200 feet i n  e levation (F igure 3) . Except ions are the 
upper and h igher mar ine terraces which common ly are greater than 1 , 000 feet in e levat ion . Stream terraces 
are restr i cted to the lower wal l s  of dra inages and are ge nera l l y less than 50 feet above the ad j acent present­
day flood p la ins  and streamways . 



Figure 3. Cape Blanco, the westernmost point i n  Oregon, consists of thin marine terrace deposits overlying Tertiary and pre­
Tertiary bedrock. Moderate slopes at the "neck" and on the sea cl iffs to the north and south are undergoing mass move­
ment. 

G) 
m 
0 
G) :::0 
)> -o I 
-< 

'l 



Landform 
Very steep 

VI 
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0 Gent ly to 0.. 
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H igh er 
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U pper 
marine 
terrace 

VI Midd le Q) 
u mari ne  0 
... 
... terrace Q) 

1- Lower 
mari n e  
terrace 
F luvia l  
terrace 

Flood 
p lai n 

VI -o c Marsh ...Q 
� 0 Dunes ...J 

Features 
Hi I I  and mou nta in  s lopes 
w i th reg iona l s lopes (see 
hazards maps) greater 
than  50% 
H i  I I  and mounta in  s lopes 
wi th regiona l s lopes l ess 
than 50% and greater 
than  5% 
F lat  to gent ly  s loping 
deeply dissected terraces; 
often r idge  crests 
F lat  to gent ly s loping dis-
sected terraces above 
younger terraces 

Tab l e  2 .  Landforms o f  western Curry County, Oregon 

Rock types Soi l s  
Hard i ntrusive roc k (Tod , Jpp) , Grave l ly loam 
hard sandstone (Kr , Kh , K jm) ,  S i l ty loam 
unsheared sandstone, basa I t ,  and S i l ty c lay loam 
cong lomerate of other units Sandy loam 
Sandstone and si l tstone (Jd , Jg ,  S i lty loam 
other un i ts) and sheared bedrock C lay loam 
(Jop, Kuh , Kh , others) 

Weathered sand and s i l t  w i th C lay loam 
basa l grave l  in p laces S i l ty loam 

Semi -conso l idated sand, si I t ,  C lay loam 
and basa I grave l  S i l ty loam 

S i l ty c lay 
F Iat ,  gently dissected sur- Sand, si l t ,  and c lay wi th basa l S i l ty loam 
faces over mar ine and 
eo l ian deposi ts 
Low-lying f lat surfaces 
over mar ine  deposi ts; the 
low est terrace I eve I 
D i ssected f lat remnants 
of former f lood p la ins 
a long major streams 
F Iat  r iver depos i ts near 
l eve l  of present-day 
streams 
Poor ly drai ned, vegetated 
f lat wetlands of estuar i es 
Mounds of w i nd-b lown 
sand wi th varying amounts 
of protective cover 

grave l ;  wi nd-b lown sand on sur-
face loca l ly 
Sand, si l t ,  clay, and basa l 
grave l  

S emi -consol idated sand , s i  I t ,  
and grave l  deposi ted by major 
streams 
Sand and grave l  a long major 
streams; i nc ludes si l t  and c lay 
a long l esser streams 
Sand , si I t ,  c lay, and organic 
materia l 
S tab l e  sand , unstabl e sand, 
beach sand 

- - ---- - --- ---···-·-

C lay loam 
S i l ty c lay , i ron pan 
Sandy loam 
S i l ty loam 
C lay loam 
S i l ty loam 
S i l ty c lay loam 
S i l ty c lay 
S i l ty loam, s i lty c lay 
loam,  si l ty c lay , 
gravel 
S i l ty loam , si lty c lay 
l oam, organic soi l  
Sand, fine sand , 
active dunes and 
beaches 

---

Processes and hazards 
Severe erosion 
Torrentia l  f loodi ng 
D ebris ava lanche  and f low ,  

debris s l ide 
Rapid to severe erosion 
Torrentia l f loodi ng 
S l ump and earthf low ,  loca l rapid 

mass movement 
Moderate to severe erosion 
Loco I mass movement 
Variab le  depths to bedrock 
Loca l mass movement 
Variab le  depth to bedrock 

I ron pan and poor dra inage i n  
p laces, variab l e  th ickness to 
bedrock, wave erosion 
F looding 
H igh water tab l e ,  poor dra inage ,  

compress ib le  soi Is 
S tream -bank erosion 
F l ooding even at h igh e l evations 

a long the Rogue River 
F looding , h igh ground water ,  
poor dra i nage, stream-bank 
erosi on 
Ocean  and stream f looding 
Compressib l e  soi Is 
W i nd erosion a nd deposition 
Wave erosion and deposition 
Loca l stream and ocean flooding I 
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Low land landforms i nc l ude f lood p l ai ns ,  channe l deposits,  marsh ,  dunes ,  and beaches , Major low­
land geographic areas are parts of the north coasta l p la i ns,  the areas near the mouths of major streams, and 
the dunes at the mouth of the Pistol R ive r .  E levations are genera l ly 40 feet or less above sea leve l and 
s lopes are genera l ly very low w ith the exception of those in sand-dune areas .  

Po p u I a t i o n a n d E c o n o m i c T r e n d s 

T he popu lation of C urry County increased dramat ica l ly i n  the 1 950's  as a resu l t  of better transportat ion 
fac i l i t ies and has stabi l ized in rece nt years (Table 3) . In the l ast few years popu lation has begun to grow 
aga i n ,  and a 1 5  percent i ncrease i s  proje cted for the period between 1 970 and 1 975 (Coos-Curry Counci l  
of Governments , 1 974) . The 8 percent i ncrease between 1 970 and 1 975 i nd icates that thi s  projection may 
be too low . 

Brooki ngs is the fastest growi ng ma jor community i n  the County (Table 4) . Pro jections for the period 
between 1 970 and 1 990 i ndicate popu lat ion increases averaging 15 percent for a l l  the major communit ies 
(Coos-Curry Counc i l  of Governments , 1 974) . Significant new deve lopments i n  the F loras Lake, I l l i nois 
R iver, and Harbor Bench areas are anticipated . 

Tab le  3 .  Popu lation of Curry County,  Oregon 

Year 
1 9 1 0  
1 920 
1 930 
1 940 
1 950 
1 960 
1 965 
1 970 
1 975 

Popu lation 
2 , 044 
3, 025 
3 , 257 
4 , 03 1  
6 , 048 

1 3 , 983 
1 3 , 000 
1 3 , 006 
1 4, 1 00 

Perc ent chang e 

+ 48 
+ 8 
+24 
+50 

+ 1 3 1  
- 7 

0 
+ 8 

Tab l e  4 .  Popu lation of commun i t ies ,  Curry County, Oregon 

Commun i ty 
Brooki ngs 
Gold Beach 
Port Orford 

1 960 
2 , 580 
1 ' 769  
1 '  1 72 

1 965 
2 , 740 
1 , 677 
1 '  1 64 

1 970 
2 , 720 
1 , 554 
1 , 037 

1 975 
3 , 1 50 
1 , 600 
1 ' 040 

Gold Beach was i ncorporated in 1 845,and its economic  base has shifted over the years from gold to 
l umber and f ina l ly to tourism , fi sheries, and l umber . Shoa l ing of the mouth of the Rogue is a cont inu ing 
hazard to navigation i n  the summer months.  Port Orford was sett led i n  1 85 1  and has had an economy 
centered around go ld,  fish , wood products, and sma l l  trade over the years . Hazards to the fishing i ndustry 
were dominated by storms prior to jetty construction and now are dominated by a cont inu ing si I tat ion prob­
lem in the boat bas in area , Brooki ngs was named i n  1 9 1 3  and has an economy centered on fish i ng ,  tourism , 
and ret irement l iv ing . 

With the tre nd towards urbanization it i s  expected that the serv ices, trade , and government sectors 
of the economy wi l l  increase i n  future years to s l ight ly offset projected dec l i nes in the wood products 
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i ndustry, agricu lt ure , and manufacturi ng . Tourism present ly i s  the fastest growing sector of the loca l 
economy and w i l l  cont inue to grow i n  the future especia l ly if improvements of H ighway 1 01 are comp leted 
and a more adequate road from Agness east to the Grants Pass area is constructed . 

L a n d  U s e 

H i storica l ly ,  land use i n  western Curry County has been c lose ly re lated to landform ,  Terraces at' 
the mouths of the major rivers (Rogue and Chetco R iven) and near protected coves (Port Orford area) have 
been the sites of i ndustria I ,  commerc ia I ,  resident ia l , and agr icu l ture I deve lopment . On the flood p Ia ins, 
deve lopment has been large ly restr icted to pasture land and other agricu ltura l use s ,  

I ndustr ia l  deve lopment has i nc luded logg i ng a t  each o f  the major communit ies . Agricu ltura l deve lop­
me nt has i nc l uded cranberry farmi ng on poorly dra i ned terraces and l i ly bu lb  cu l t ivation on we l l -drai ned 
fert i le soi l s  near Harbor. Resident i a l  deve lopment has spread i nto upland areas around Port Orford , Gold 
Beach , and Brooki ngs in recent years and i s  spread ing onto the Harbor Bench .  Future more i ntensive deve l ­
opment o f  the terraces i s  favored by the re lat ive lack of physical  constra ints, but w i l l  requ i re i ncreasing 
manageme nt with regard to ground-water contaminat ion and deve lopment, waste disposa l ,  erosion, and 
s l id ing . 

Dominant land uses in the up lands are forestry, recreation, and scattered residentia l  deve lopment . 
Potentia l for a rej uvenated m in i ng industry i s  recognized for some up land areas . I n  the future , scattered 
homes and support fac i l i t ies for loggi ng and poss ib ly m in ing w i l l  p lace i ncreasing burdens on the de l icate 
up land terra i n  and w i l l  require careful management in cr i t ical  areas . 

Future urban izat ion and associated economic d iversi ficat ion i nto trade ,  education, government , and 
serv ices w i l l  lead to i ncreased deve lopment pressures on the land surrounding present ma jor communities 
and in areas of new growth ,  Proper management of the land resource w i l l  be needed to derive max imum 
benefit from the potent ia l  uses of the land and to min i mize ex ist i ng and future potent ia l  prob lems i nherent 
i n  the three categor ies of landform: erosion and mass movement i n  the uplands; pond i ng ground-water 
contaminat ion, and waste d i sposa l on the terraces; and a variety of hazards on t he scattered low lands i n­
c l ud i ng flood ing ,  compressi b le soi l s ,  and w ind erosion i n  p laces. The greatest prob l ems w i l l  be  experienced 
i n  reg ions of noncompatib le  land use i n  areas of d iverse potent ia l  such as the Harbor Bench where ground­
water product ion and subsurface waste dispose I are be ing promoted in c lose proximity to one another .  
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ENG I NEER ING GEO LOGY 

G e n e r a l 

Geologic un i ts are dist ingui shed primari l y  on the basis of rock type and to a lesser extent on the 
bas i s  of other physica l properties, d i stri but ion, or age . The geolog i c  units fa l l  i nto two mai n categories :  
consol idated (firm ly  cemented when fresh) and surfic ia l  (can be crushed i n  t he hand) materia l s .  Eng i neeri ng 
propert ies of the units are summar ized on Tab le  24 ( see Summary ) .  

Conso l i dated bedrock geo logic units under l ie  the sea c l i ffs and uplands of Curry County and consists 
ch iefly of sandstone, s i l tstone, basa l t, i ntrusive rock, and sch ist . A total  of 19 bedrock units are recog­
n ized, but in t he d i scussion that fo l lows, the 1 9  units  are grouped together i nto 1 1  associations hav i ng s imi l ar 
eng i neering properties and potent ia l geo log ic  hazards . As shown i n  F igure 4, the bedrock geo log ic  uni ts 
range i n  age from 1 50 m i l l i on years to l ess than 1 0  mi l l ion .  

Surfic ia l  geo l og i c  un i ts consist of semiconso l idated to  unconsol idated terrace and low land depos its  
rest i ng upon bedrock .  Individual  un i ts are recognized on the basi s  of type of materia l,  envi ronment of 
deposi t ion, and age . The surfi c ia l  geo logic units are less than 2 mi l l ion years o ld, w ith t he bu lk of t hem 
less than 1 00, 000 years o l d .  

Soi l s  are developed on the various bedrock and surfi c ia l  geo log i c  un its . They are re lative ly young 
and the ir properties are dependent to vary ing degrees on the nature of the under lying geolog ic  un i ts . 

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

Sed ime ntary rocks of late Tertiary age (Tmp) 

Geology: Th i s  group of rocks is  exposed in sea c l i ffs and head lands be tween F l oras lake and Port 
Orford and in the va l l eys of the lower E l k and Sixes R ivers (Cape B lanco and lang lo i s  quadrangles) . I t  
i nc l udes three d ist i nct un i ts of  s imi lar l i tho logy but  di ffere nt ages .  T he o ldest are massive mari ne, sem i­
conso l idated sandstone exposed southeast o f  Cape B lanco and semiconso l idated grave l and sandstone exposed 
no�th of B lack lock Poi nt to F loras lake . 

Poorly conso l idated massive mari ne sandstones of the Empire Formation of early to midd l e  P l i ocene 
age unconformab ly overl ie the Miocene beds· in the Cape B lanco area . In  addit ion, lower P l i ocene fossi l s  
have bee n recovered from sma l l  outcrops near t he mouth of Hubbard Creek 1 . 5 m i les southeast o f  Port 
Orford . 

Eastward-d ippi ng m idd le  P l i ocene sedimentary rock unconformab ly over l ies the Empi re Formation i n. 

the Cape B lanco area . Ba ldw in  ( 1 945) named these beds the Port Orford Formation . They consist of up 
to 200 feet of basa l buff sandstone over lai n successi ve ly by cong lomerate, rusty sand, and arg i l laceous 
sandstone conta i ni ng concret ions.  W here the cong lomerate is d i rect ly  over la in  by basa l terrace deposits 
of P le istocene age the contact is  d i fficu l t  to locate . D i l le r  ( 1 902) i nc l uded the Port Orford Formation and 
the P le i stocene terrace deposits in his E l k  R iver beds, and the Empire Formation and Miocene sed imentary 
rocks i n  h i s  Empire beds .  

T he Miocene sed imentary rock contai ns numerous i nvertebrate and scattered vertebrate foss i l s  i n­
c l ud ing sea l ions and wha les . The midd le  P l iocene sedime ntary rocks (Port Orford Format ion) contai n a 
r ich  vertebrate fauna which i nc l udes sea l ions, sea otters, and b i rds . An unconformity separates the Port· 
Orford Formation from the over ly i ng terrace deposits . The Miocene beds, Empire Format ion, and Port 
Orford Formation represent loca l sha l low-mari ne depos i t ion and to some exte nt may a l so represent lagoonal 
and estuar ine deposit ion, as i nd icated by g rave l deposits and leaf horizons i n  p laces . 

Eng i neer i ng c haracterist i cs: T he sedimentary rocks of l ate Tert iary age form steep sea c l i ffs and 
moderate ly steep canyon wa l l s .  T hey are over la in  by P le i stocene terrace materia l over large areas . On 
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side s l opes the un i t  i s  excavated with moderate d ifficu l ty, but i t  require s  no b lasting i n  sma l l  cuts . Founda­
tion characterist ics are good in areas havi ng no s lope l imi tations . 

Ma jor hazards inc lude s lumping and debr is  s l ides i n  sea cliff exposures (see Wave erosion a nd depo­
si tion) . Earthf low topography i s  common along the canyons of major drai nages .  Cav i ng i s  possi b le  i n  deep 
roadcuts and in other excavations . 

Permeabil i ty of t he unit  is probably moderate to h igh espec ia l ly i n  gravel ly to sandy interbeds and 
lenses . Cementat ion is i ncomp lete and water storage capac ity is probably moderate to low .  The ground­
water potent i a l  of the unit is probably re lat ive ly good . However, a meaningfu l assessment is d iffi cult to 
make owing to the l imi ted exposures over large areas and the paucity of water we l l s penetrat i ng i nto the 
un i t .  A we l l  at Cape B lanco State Park produces 20 ga l lons per m inute . 

T he sed imentary rocks of late Tertiary age are suitab le for use i n  fi l l  or embankments .  Su itabi l ity 
for use as load-bearing aggregate i n  roads is quest ionab le  owing to poss ib le  weatheri ng and probable low 
proport ions of grave l and sand to c l ay and si lt i n  many areas . Overburden is an addit iona l l im i t ing factor 
for h igh-volume use as construction or embankment materia l .  More deta i led mapping of th is un it into sub­
units would probably reveal specifi c  areas w ith high potent ia l  for use as construction materia l .  

Sedimentary rocks of early Tert iary age (Tef, Te l g ,  Ter, Teu) 

Geo logy: T his group of rocks forms isol ated exposures i n  t he uplands of northern Curry County 
( Langlois quadrang le) and a l so is exposed i n  the Agness area and i n  sea c l i ffs at Cape B lanco . It i nc l udes 
three dist i nct un its of s imi lar rock type but s l ightly d i fferent ages and vas t l y  d i fferent structure . Orig­
i nal ly referred to as the Umpqua Formation, these and s imi  lor exposures in southwestern Oregon are now 
subd ivided i nto the Roseburg Formation (Ter), t he Looki ngglass Formation (Te lg), and the F lournoy Forma­
t ion (T ef) . T he exposure at Cape B Ianco (T eu) is und i fferentiated (Dott, 1 962) . 

The Flournoy Formation (the youngest unit) consists of up to 1 , 000 feet of rhythmica l ly bedded 
sandstone and s i l tstone with a prominent basa l congl omerate in places .  The sandstone i nterbeds are 5 to 
1 5  feet thick . Regiona lly the F lournoy Format ion over l ies fau lts in t he Looki ngg lass and o lder formations, 
but it is not cut by major fau l t ing .  An upper age l im it of m iddle Eocene is indicated for some of the faults 
of the study area . 

T he Lookingg lass Formation is s imi  lor i n  rock type to the Flournoy . In the Lang lois q uadrangle i t  
i s  ident ifi ed on the bas is of s im i larit ies with known Looki ngglass Format ion i n  surround ing areas (Brownfie ld, 
1 972) . I n  the Agness area the unit consists of th ick-bedded, s i lty sandstone and s i l tstone with a very 
prominent, hard basa l cong lomerate . Of considerab le  structura l s ignif icance is t he d iscovery of pebbles  
of Colebrooke Schist i n  the Lookingg lass Format ion outside the study area (Coleman, 1 972; Ba ldwin, 1 975) . 
T he deposit iona l contact of the Looki ngg lass Formation with t he Otter Point Format ion is exposed i n  the 
Langlois quadrang le (Brownfie ld , 1 972) . 

The Roseburg Formation consi sts of hard sandstone and s i ltstone and conta ins scattered coa I i fied 
p lant rema ins i n  p laces signa l i ng deposi tion along the marg in  of the Roseburg bas i n .  In the F loras C reek 
dra i nage the beds dip steeply beneat h the northern edge of the Colebrooke Schist thrust plate (Brownfie ld, 
1 972) suggesting possi ble thrust fau l t i ng as late as the Eocene ( see Tectonic Sett i ng) . 

The ages of rocks assigned to the F lournoy, Lookingg l ass, and Roseburg Format ions in the study area 
are based large ly on inferences from surrounding areas . Loco I evidence a I so i nc l udes the extreme deforma­
t ion of the Roseburg Format ion compared to younger uni ts, lower Tert iary palyno log ic  evidence in rocks 
mapped as Roseburg by Brownfie ld ( 1 972) and midd le Eocene m icrofossi l s  in rocks mapped as Lookingglass 
by Lent ( 1 969). Elsewhere, Ba ldw i n  ( 1 965) suggests that parts of the Roseburg Formation may be as o ld as 
Paleocene or even latest Cretaceous . The spec i fi c  ages of the exposures is cr it ical to structura l i n terpre­
tations ,  especially of the exposures of Roseburg i n  the Floras Creek dra i nage (see Tectonic Setti ng) . 

T he three formations were deposited under sha l low to deep marine cond it ions around the edges of 
the ancestra l K lamath Mounta ins .  Scattered coa l i fied i nterbeds i nd i cate lagoona l cond itions loca l ly .  The 
e nvironme nts of deposition were s imi lar, resu l t ing in s imi lar rock types . However, the extreme deforma­
tion of the Roseburg Format ion dist i nguishes it from the two younger units . 

E ng ineer ing characterist i cs: T he sed i me ntary rocks of early Tertiary age form steep to moderate ly 
steep slopes with uniform V -shaped canyons . Soi I s  are genera l ly th in  and consist of silty looms and si l ty 
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c lay foams . The . rocks are moderate ly hard, are excavated with considerable d i fficu l ty, and may require 
b lasting, especia fly i n  the th icker interbeds of sandstone . Foundation strengths are moderate to moderate ly 
hig h .  Joint ing is blocky and fine to coarse depending on the thi ckness of t he beds .  Caving is a potential 
hazard in deep excavations,.especially where bedding d ips at steep ang les i nto the excavat ion or where 
jointing is coarse and we l l  deve loped . 

Major hazards include debris slides on steep slopes, rave ll i ng of s i ltstone i nterbeds (which commonly 
c logs side drainages of roads), and severe erosion potent ia l . Depths to bedrock vary considerab ly and are 
common ly sha l low on steep s lopes, necessitat ing spec ia l  consideration for a l l  excavations . 

Permeabi I i t ies are genera fly very low except a long major fractures and beddi ng p lanes . Water­
holding capacity is low . Potentia l for ground water is l imi ted to scattered supp l ies for stock or s ing le­
fami ly dwel l i ngs . 

The unit is suitable for use as fi l l  or embankments if properly sized and proper ly compacted . Use of 
oversized pieces i n  fi l l  can lead to prolonged sett l ing over a period of many years . The stone is not su itab le 
for load-bearing aggregate owing to the low abrasion resistance and the potentia l for rapid weather ing to 
c lay. Larger b locks of sandstone are suitab le for use as riprap along streams, but not ocean riprap or jetty 
stone . 

Sedimentary rocks of Late Cretaceous age (K uh, K uc) 

Geology: This group of rocks consists of two d ist i nct stratigraphic formations, the Cape Sebast ian' 
Sandstone and the over lying Hunters Cove Formation (Gold Beach quadrang le), and a l so inc l udes two addi­
t ional Late Cretaceous exposures, one north of  Black lock Point (Cape B lanco quadrang le) and the other i n  
the Sixes River dra inage ( Lang lois quadrangle) . 

The Cape Sebast ian Sandstone consists of 800 to 900 feet of massive to cross-bedded, medi um-hard 
sandstone and basa l conglomerate . In general  the rocks and their depositiona l structures ore simi lar to 
those of the P le i stocene terrace deposits (see Surfic ia l  Geologic Un its) . A simi lar orig in  is  i nterpreted 
a lthough the unit i s  somewhat thicker than any of the terrace deposits . The unit passes upsection gradation­
a l ly i nto 700 to 800 feet of thi nner bedded s i l tstones and sandstones assigned to the Hunters Cove Format ion . 
Sandstone interbeds typi cal ly are a few inches thick in this unit and di splay cross laminat ions rather than 
graded bedd ing .  Deposition by bottom tract ive currents rather than turbid ity currents i s  i nterpreted by 
Dott ( 1 97 1 ) .  

Abundant Late Cretaceous invertebrate fossi I s  recovered from the Cape Sebastian Sandstone and 
Hunters Cove Formation are I isted by Dott ( 1 97 1 ) . The most diagnost ic fossi Is ind icate a Campanian to 
Maestri chtian age . Approx imately ha lf  a m i l e  north of B lack lock Point,  1 ,500 to 2, 000 feet of graded 
sandstone and sandstone and siltstone are corre fated with  the Hunters Cove Format ion by Dott ( 1 97 1 ) .  The 
rocks are simi far l i tholog ica l ly and conta in medial Late Cretaceous fossi Is of probable Coniacian age 
(s l ight ly o lder than the Cape Sebast ian Sandstone) . A short d istance i n land, rhythmica l ly bedded sand­
stones and siltstones are tentat ively assigned to the Late Cretaceous ( Lent ,  1 969) in the Edson Creek area 
of the Sixes R iver dra i nage . Regiona f ly, iso fated exposures of Late Cretaceous strata are scattered around 
the K lamaths and poss ib ly were der ived from a land mass off the coast of present-day Curry County (Hunter 
and others, 1 970) . 

The exposures of Cape Sebastian Sandstone and Hunters Cove Format ion at Cape Sebastian and to 
the south are fo lded into ge nt le northwest trending folds and occupy northwest trend ing fau l t  s l ivers of 
probable Cenozoic age . North of B lack lock Point the Late Cretaceous strata are fau lted agai nst serpentine 
on the south and are over la in  by Cenozoic strata on the north .  In  the Sixes River drainage the Late Cretaceous 
strata rest upon Otter Point rocks between remnants of the Colebrooke Schist t hrust p late on the north and 
south i nd icati ng deposition prior to fi na l thrust i ng in t hat area . 

Eng ineering characterist ics: The rocks of Late Cretaceous age form bo ld  head lands and moderate ly 
steep slopes .  Soi ls are genera l ly thin and consist of s i l ty loam and si lty c lay loam . The lower parts of the 
sect ion are coarse ly to very coarse ly joi nted . Excavation is d i fficu l t  and requ ires blast ing .  I n  deep cuts 
the coarse joi nt i ng can re lease large b locks presenting a severe hazard . Excavation of the softer sandstone 
and si l tstone is moderately d i fficult; deep cuts are genera l ly stab le and present only a minimal caving 
hazard . Foundat ion strengths for the unit vary from very h igh in  the hard lower sandstone to moderately 
h igh for the siltstone . 
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Ma jor hazards i nc l ude massive b lockfa l l  and rockfa l l  a long the coast and i n  deep cuts i n  jo inted 
sandstone . At Cope Sebast ian severa l I orge b lockfa l l s  covering severa l acres were generated by coasta l 
eros ion and coarse j oint ing (F igure 5) . Depth to bedrock is sha l low and must be considered in assessing 
a l l  deve lopment i nvolving excavat ions or subsurface d isposa l of effl uents . 

Ground-water percolation is restricted to jo ints and shear zones, and storage capaci ty is l ow .  
Ground-water potentia l i s  very low and probably i s  restricted to use for stock or s ing le-fami ly  dwe l l i ng s .  
The materia l is sui ted to  use for fi l l  o r  embankments; it i s  not su ited to use as load-bear ing aggregate 
owing to the potentia l for a l terat ion to c l ay and to the low abrasion resistance . 

Sed imentary rocks of Ear ly C retaceous age ( Kr ,  K h, KJm)  

Geo logy: T h is group of  rocks consists o f  three distinct strat igraphic  un i ts.: the Humbug Mounta in . 

Conglomerate ( K h )  and over lying Rocky Poi nt Formation (K r), both i n  the Pearse Pea k  area ( Lang l ois and 
Port Orford q uadrang les) and the Myrt le Group (KJm )  near Agness . 

T he Humbug Mounta in  consists of massive to t hick-bedded fi ne-grai ned cong lomerate, pebb ly sand­
stone and coarse-grai ned sandstone . I n  p laces the cong l omerate is very hard and conta i ns bou lders over 
one foot in diameter .  C l asts consist of chert, d iorite, quartz diorite, and vo lcanic and metamorphic rock . 
Sandstone and si It stone are progressive ly more abundant near the top of the un i t . The Rocky Poi nt Forma­
t ion over l ies the Humbug Mounta in  Cong l omerate a long a gradat iona l contact and consists of sharp ly 
a l ternat ing beds of hard sandstone and moderate ly hard si It stone . 

The Myrt l e  Gro up in the Agness area consists of rhythmica l ly bedded sandstone and s i l tstone and 
mi nor cong lomerate and is s imi lar to the exposures of Humbug Mounta in  Cong lomerate and Rocky Point 
Format ion farther west . Pebb les  consist of chert and diorite and inc l ude no serpent ine . Cong lomeratic 
exposures mapped as Myrt le Group by Ba ldwin ( 1 968) east of the Rogue River are here i nc l uded i n  the 
Looki ngg lass Formation . 

The Humbug Mounta in  Cong lomerate over l ies the Late J urassic Pearse Peak D iorite w i th a deposi tiona l 
contact . Fossi l evidence for an  Ear ly Cretaceous age is c i ted by Koch ( 1 966) and Dott ( 1 97 1 ) .  More 
recent ly  Jones (written communicat ion ,  1 975) states that Buchia pac ifica of Ear ly Cretaceous age 
(Va langi nian) occurs in the Rocky Poi nt-H umbug Mounta in  sequence as we l l  as in the Agness sequence . 
I n  add i tion, other exposures of t he Myrt le  Group outside the study area have yie lded Buchia unc itoides 
and Buch ia pioch i i  of l owermost Early Cretaceous ( Berriass ian) and uppermost J urassic (T ithonian) age 
respect ive ly-.--

The Humbug Mounta in  Cong l omerate and Rocky Point Formation form part of a large structura l b lock 
between the l at i tudes of t he Sixes River and Euchre C reek that was thrust i nto the area from far to the 
east in media l  Cretaceous t imes (see Tecton ic Sett ing) . T he Myrt le Group in the Agness area a lso is 
be l ieved to be part of a l arge thrust sheet on the basis of fossi l and environmenta l evidence (see Tectonic 
Sett ing ) .  The exposures near Agness contain no pebb les derived from under ly ing strata and are structura l ly 
discordant wi th the under ly i ng serpent ine . 

E ng i neeri ng characterist ics: T he rocks of Ear ly C retaceous age form prom inent  head lands and 
steep h i l l s  and canyons . In areas of reg iona l shearing, s lopes are moderate ly steep and hummocky . Soi l s  
are ge nera l ly th in  and consist of  s i l ty loam, si lty c lay loam, and  grave l ly loam.  Pockets of co l luv ium are 
deve loped on steep s l opes .  The rocks are genera l ly very hard and require b l asting in excavat ions except 
where s i l tstone i nterbeds are numerous and sandstone i nterbeds are th in  (parts of the Rocky Point Formation 
a nd Myrt l e  Group) . Foundation strengths a re h igh, and depths to bedrock are sha l l ow and shou ld be con­
s idered in eva l uat ing a l l  deve lopments i nvo l v ing excavat ions . Bedd ing is genera l ly thick to moderate ly  
th ick  and jo int ing i s  coarse ( in  sandstone) to i rregu lar ( i n  cong lomerate) . 

I nfi l tration is restricted to jo ints, and permeabi l i ty is very low .  Water-storage capacity is very 
low and ground-water potent ia I is very low . Pote ntia l ground-water production is probab ly su ited to 
s upp ly i ng stock or s ing le-fami ly  dwe l l ings.  

Hazards i nc l ude debris aval anches on steep s lopes, severe erosion potentia l, cont inued sporadic 
earthflow in  areas of shearing and coasta l retreat (south Humbug Mounta i�1 and extreme ly hazardous beddi ng 
p lane s l ides north of Agness . Future logg ing and road construction i n  areas of th is  unit wi l l  require carefu l 
management and engi neering . The rock is suited for use as fi l l, embankments ,  and river r iprap . T he 
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cong lomerate i s  moderate ly  we l l -su ited to use as load -beari �g aggregate , but the sandstone and s i l tstone 
are not suited to such use ow ing to low abras ion resistance and high potent ia l  for a lteration to c lay . Mi nor 
quarries are located i n  t he cong lomerate in t he E l k  R iver area . 

Sedimentary and volcanic rocks of Jurassi c  age 

Otter Point Format ion (Jop) 

Geo logy : The Otter Poi nt Formation is a comp lex structura l assoc iation of h igh ly  varied rocks 
of  d iverse orig i n  and is common ly referred to as a "me lange " in recognit ion of its pervasive shear ing and 
apparent lack of structura l conti nuity . It is a l so referred to as an "ophio l i te " in reference to its deep-sea­
f loor composi tion . Rock types i nc l ude poor ly sorted sandstone and s i l tstone , submari ne basa l ts ,  chert , 
cong lomerate , and pods of med i um- to h igh-grade metamorph ic  rock ca l led b l ueschists .  The Otter Point 
Formation is widespread i n  the foothi l l s of northern C urry County nort h of the Sixes R iver and in the western 
parts of the County southward to W ha lehead Cove a few mi les nort h of Brookings . T he unit i s  bounded by 
prominent fau l ts of reg ional s ignifi cance . I t  i s  i nterpreted as a deep-sea i s land-arc assemb lage (Co leman , 
1 972) and is equated with t he Franciscan Assemblage of Cal ifornia on the bas is of age, rock types ,  and 
structure . 

Sed imentary rocks of t he Otter Po int Format ion inc l ude hard to sheared , graded sandstone and s i l t­
stone i n  the northern parts of t he County and massive to th ick-bedded , hard cong l omerate i n  the Thomas 
Creek area . Beddi ng ,  hardness , shearing , and other phys ica l  features are h igh ly variab le (F igure 6) . 
Lent ( 1 969) i nc l udes i so lated exposures of hard , massive , quartz-rich  sandstone i n  the Otter Point Forma­
tion i n  the Lang lois quadrang le . Because of the extreme ly d i fferent depos i t ional environment of rocks of 
th is  type (cont inental she l f), they are here regarded as younger in age , probably Cretaceous . In add it ion, 
the exposures at Sugar loaf Mounta i n  have b l ueschist granu les ( Lent,  1 969) , i nd icat i ng a post-Otter Poi nt 
or. post-Co lebrooke Sch i st age . 

Vo l canic  rocks i nc l ude f lows,  tuffs , and breccias of basa l t ic  compos i tion . Vo l canic rock i s  genera l ly 
a l tered to greenstone and d isp lays fine , i rregu lar joi nti ng . Assoc iated with the volcanic rocks are sma l l  
mu l t icolored , th in-bedded chert deposits . T he deposit ion o f  the c hert i s  be I ieved to be i ndirect ly re l ated 
to submarine vo l can ism, and the two rock types common ly occur together. The Otter Point Format ion a lso 
inc l udes exposures of peridotite and serpenti nei t hese are d i scussed in a separate sect ion (see Serpent ine 
and Peridoti te) . 

The b l uesch ist pods consist of metamorphic m inera l s  of h igh-pressure orig i n  such as phe ngi te mica , 
g laucophane , and garnet . A sma l l percentage of t he pods cons ist of gne iss . T he pods vary from a few 
feet to a few hundred yards i n  d iameter 1 are subequant i n  shape , and represent on ly a very sma l l  portion 
of the rock unit from which  they were origi na l ly derived . Consequent ly an in terpretation of their orig i n  
is  d i ff icu l t .  The pods are assoc iated with serpe nt i ne and occur i n  sheared o r  otherwise tectonica l ly d is­
turbed zones . T hey are restr icted to the Otter Poi nt Formation and poss ib ly  were sheared i nto the unit 
wh i l e  i t  was be i ng thrust be neath  the western edge of the North American cont inent i n  Late J urassi c  t imes 
(see Tecton ic  Sett i ng - Reg iona l Onshore Structure) . The pods may be re lated to the higher grade amphibo­
l ites of t he Big C raggies ,  which rest on the Dothan Formation north of t he Chetco River . 

T he vo l canic and sedimentary rocks of t he Otter Point Format ion are Late J urassi c  i n  age (Dott, 1 97 1 i  
Koch,  1 966) . Jones ( 1 975 , written communication) states t hat the Late J urassic fossi l s inc lude Buch ia 
p ioch i i  and Buchia occ identa l is , and a lso states that no fossi ls of Cretaceous age are known from the un i t .  
---Radiometri c  age dates for phengite mica i n  the b l ueschist range between 1 42 and 149 mi l l ion years 
i n  t he Lang lo is quadrang le  and 1 47 mi l l ion years at Tupper Rock (Co leman and Lanphere , 1 97 1 ) .  T h is 
compares wi th  an age of approximate ly 1 50 mi l l ion years for hornb lendes at Big Craggies (Coleman, 1 972) . 
Age dates for g laucophane i n  the same loca l it ies ( Lang lois quadrang le and Tupper Rock) are 1 32,  1 32,  and 
1 45 mi l l ion years respective ly . Co leman and Lanphere suggest t hat the o lder age represents t he metamorphic 
event which formed the h igh-grade b l uesch ists . T he younger age in the g laucophane represents a later 
per iod of l ess extreme metamorphism dur ing which argon was re leased from the g laucophane (g iving a younger 
age indication) , but was reta ined by the phe ng ite . The second period of metamorphism coi ncides i n  a 
genera l way with  t he depos it ion of the Otter Point Formation on the sea f loor and the deposition of t he Ear ly 
Cretaceous sedimentary rocks on the cont i nenta l crust far to the east . 
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Figure 5. High shear cliffs of Cape Sebastian Sandstone immediately north of the Cape 
are the result of joint-contro lled rockfa l l .  (Oregon Highway Division Photo) 

Figure 6. Otter Point, the type locality of the Otter Point Formation, is a barren. head­
land 2 miles north of Wedderburn. Note irregu lor pattern of coastal erosion prompted 
by heterogeneous lithology. (Oregon Highway Division Photo) 
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The Otter Poi nt Format ion is pervasive ly sheared i n  the northern part of Curry County and i s  i ntensly 
sheared a l ong broad shear zones of probab le  Ce nozoic age a long the coast . I n  the southern part of the 
County t he contact with t he Dothan Formation is i ntens ively sheared . Th ick cong lomerates and sandstones 
south of C rook Point are hard and are not sheared . The reg iona l s hearing probab ly  occurred during under­
thrust i ng of t he Otter Poi nt and Dothan Format ions in  Late Jurass ic  t imes (see Tectonic Sett ing - Regiona l 
Onshore Structure) . T he l i near shear zones affect younger units and are not re lated to the or ig in  of t he 
Otter Poi nt Format ion . 

E ng ineering c haracterist ics :  T he Otter Poi nt Format ion forms moderate ly s lop ing irregu lar  
terrain in the northern and centra l parts of t he County and steep canyons in  t he southern part of the 
County . The i rregu larity of much of t he terra in  is a product of t he heterogeneous l i t ho logy and mass 
movement . Soi Is i nc I ude grave l ly loam on steep s l opes and near exposures of very hard bedrock, organ ic  
si l ty c layr and s i l ty c lay loam in  poor ly drai ned areas, and s i l ty c lay loam and si l ty c lay on s lopes of vo l ­
canic or sed imentary bedroc k .  Soi ls are t h i n  on steep, unsheared, bedrock s lopes and are o f  variable 
thi ckness on i rregu lar  s lopes , 

E ng ineeri ng properties vary considerab ly w ith t he nature of the bedrock . Unsheared cong lomerates 
and greenstones in the southern part of the County are very hard and require b lasting for excavation . 
Foundation strengths are very h igh . Sheared sedimentC1ry rocks are more easi l y  excavated but may st i I I  
requ ire b last ing in  deep c uts . Foundation stre ngths for them are moderate ly h igh except i n  regions of mass 
movement , Cherts and b l uesch ist are very hard and require blast i ng .  On-site exami nation is requi red to 
identify spec i fi c  rock types and to determi ne their properties.  Shal low depths to bedrock in p laces and 
t he extreme heterogeneity of rock types and so i l  properties must be adequate ly cons idered for deve lopments 
i nvo lv ing excavat ions or subsurface waste d i sposa l ,  

Hazards i n c l ude rockfa l l  i n  very steep terra in, mass movement on irregu lar or moderate ly steep s lopes, 
and severe earth f low a long shear zones bei ng undercut by coasta l erosion (see Mass Moveme nt) . 

I nfi l tration rates and permeabi l i t ies range from very low in unsheared bedrock to low or moderate i n  
sheared bedrock , Storage capacity i s  low, and ground-water potent i a l  i s  genera l ly low .  I n  areas o f  favor­
able condit ions, g round water i s  suffic ient for stock or s ing l e-fam i ly dwe l l ings . Many s l ide areas discharge 
near-surface ground water or soi I water and are hazardous in terms of soi I cond it ions and subsurface waste 
d isposa l .  T he large coasta l s l ide areas are re l at ive ly permeable and may consti tute s ignificant sources of 
loca l ground water, a l though actua l production would pose techn ica l  prob lems . 

B l uesch ist pods are suitab le  for use as load-bearing aggregate and have been used for ocean r iprap 
where joi nti ng permitted . The chert is th in-bedded and fi ne ly  jo inted and is we l l -su ited for use as road­
surface materia l ,  The greenstone is genera l ly fine ly and irregu lar ly joi nted and is not sui ted for use as 
r iprap except a long· r ivers and streams . A l te rat ion is genera l ly pervasive and much of the stone is on ly 
moderate ly  we l l -sui ted for use as road meta l , It probab l y  i s  not we l l -sui ted for use i n  aspha lt  owi ng to 
the prese nce of c l ay minera l s  and the potent ia l for poor bonding w ith bitumen .  The sed imentary rock is 
poor ly su i ted for use in road construct i on i n  the north but is adequate for use as base materia l in the sout h .  
Rocks o f  the Otter Po int Formation are su itable for use a s  fi l l  and sma l l  embankments except i n  areas of 
shear ing . Eva l uation of spec ific bod ies of rock for construction purposes requ i re i nd ividua l i nspection and 
test i ng .  

Dothan Formation (Jd) 

Geo logy: T he Dothan Formation consists of hard, th in- to th ick-bedded sandstone and mud­
stone w ith m i nor amounts of vo l conic rock, chert, and cong lomerate a long the southern Curry County 
coast . The Dothan Format ion is not pervasive ly  sheared l ike the Otter Po i nt Format ion, nor is it as varied 
in rock type in most areas . A l so ,  i t  does not contai n  exot ic  pods of metamorphic rock (b l uesch i st) of un­
certa in  or ig i n .  T he unit was laid down on the conti nenta l s lope and the deep sea floor shoreward of t he 
i s land arc that is represented by the Otter Poi nt Format ion . The D othan and the O tter Poi nt Formations are 
contemporaneous and are ana logous to parts of the Franciscan Format ion of Ca I iforn ia .  

I n  the Cape Ferre lo quadrang le the Dothan Formation consi sts of massive poorly sorted sandstone , 
submar i ne basa l t, and c hert . At Rainbow Rock the chert is mu l t icolored and is i n  dist i nct beds one i nc h  
t o  one foot th ick . The rocks (Macklyn member o f  Dott, 197 1) are s imi lar t o  those o f  the Otter Point For­
mation to the north but are separated from that unit  by a prom inent shear zone . I n  the Chetco dra i nage 



EN G I N EER I N G  G EO LO G Y - B EDROC K U N ITS  1 9  

t he Dothan Format ion consists of mudstone and sandstone with sandstone i nterbeds i ncreasi ng i n  th ickness 
and in number towards the east . Between the mouths of the W i nchuck and Chetco Rivers, rocks mapped 
as t he Dothan Format ion are h igh ly varied in l i t hology and conta in  scattered pods of bluesc hist such as 
the one at McVay Rock . Possib ly these exposures are part of the Otter Point Format ion . 

A Late Jurassic age is interpreted for t he Dothan Format ion . T he general geology of t he un i t  suggests 
deposit ion contemporaneous wi th  t hat of the Otter Point Formation and regiona l structures i nd icate a pre­
med ia l Cretaceous age (see Tectonic Sett i ng) . I n  addi tion , Ramp ( 1 969) d i scovered Buchia piochi i i n  
rocks bel ieved t o  be Dothan i n  the Boulder Creek area i n  the upper reaches of the C hetco drai nage . Dott 
( 1 965) reports a rad iometric age date of 1 49 mi l l ion years , but Coleman ( 1 972) questions the true identity 
of the samp le dated . 

Sch istose rocks occupy shear zones in the Dothan Format ion at Long R idge , on the P isto l  R iver, at 
W halehead Creek,  near Ram Creek,and near Carpenterv il l e  (Dott , 1 97 1 ) .  The rocks are mapped as Cole­
brooke Schist by Dott ( 1 97 1 )  but here are considered part of the Dothan . Structurally they are part of the 
Dothan ,  and petrographica l ly they reportedly grade i nto the Dothan . The Colebrooke Sch ist , in contrast , 
is a later thrust sheet which truncates structures of the Dothan as we I I  as other units .  Schistose mudstones 
are a lso present wi th in  the Dothan Formation at Q ua il Prair ie Mounta i n .  Orig in  of t he schi stose mudstones 
is  d i scussed in a later sect ion (see Tectonic Setti ng) . 

E ng i neer i ng character ist ics: T he Dot han Formation forms un i form , moderately steep slopes 
with thick , silty c lay loam and silty loam soils  as we ll as steep,  rugged slopes wi th  exposed bedrock and ' 
patchy colluvium . The sandstone is very hard , has high foundation strength and, where th ick ly  bedded,  
requ ires blast ing i n  excavat ions . T he siltstone is moderately hard and does not requ i re b last ing i n  shallow 
cut s .  I nterbeds of  basalt west of t he Chetco R iver a re very hard and are characterized by t h i n ,  bouldery 
soils , Foundat ion strength for t he basa lt  is very high and the rocks requ i re blast i ng i n  excavat ions . Depths 
to bedrock i n  the Dothan Format ion are variable and often are shallow; they require carefu l cons ideration 
in evaluat i ng developme nts i nvolving excavations and subsurface waste d i sposal . 

Hazards inc l ude rock fa l l  and debris s l ides on steep s lopes ,  cav ing and gully formation on moderately 
steep slopes with  t h ick weather i ng zones , and h igh ly  variable mass-movement and foundaHon condi t ions 
loco lly (mass moveme nt topography north of the W i nchuck R iver) . Road construction and surface runoff 
requ ire careful manageme nt even in areas of th ick soil . 

lnfi I trot ion rates are very low on steep slopes but are fa ir on gentle to moderate ly steep slopes where 
th ick soi l cover retards runoff , Permeabi l i ty of the bedrock i s  restri cted to joints and bedd ing planes, and 
water storage capacity is low . Well production is restr i cted to use for wateri ng stock and supplyi ng domesti c  
water for s i ngle-family dwell ings.  

Sandstone of the Dothan Format ion i s  th in- to thick-bedded and fine ly to coarsely jo inted . The more 
b locky material is well-su ited to use as r iver riprap but is not su ited to use for ocean r iprap owi ng to the 
low abrasion resistance . W hen proper ly sized the sandstone is sui table for use as fill . The s iltstone is less 
sui table but is adequate for sma ll fi lls .  The basalt i s  suited to use for r iprap , f il l ,  embankment mater ial , 
and load-bear ing aggregate . Alterat ion of some of the basalt minerals i n  p laces may prec lude use for 
aspha I t, owi ng to poss ib le  poor b ind ing propert ies with bitumen .  

Chert o f  t he Dot han Format ion i s  t h in ly bedded and is  we ll-su ited to use a s  road meta l owing to  h igh 
abrasion resistance and lack of a l teration . The blueschist pods sout h of Harbor are we l l -suited to use as 
road rock , r iprap, and aspha It . McVay Rock has been tota l ly removed and used for these purposes . Other 
bluesch ist pods are of much more l im i ted extent . 

Gal ice Formation (Jg) 

Geology: T he Gal ice Formation i s  a deep-sea assoc iation of oceanic rocks consist i ng primarily 
of slates and s laty mudstones and minor gree nstone , th in-bedded graded sandstone , and chert . Out of the 
study area it is i nterbedded with  and overlies the Rogue Format ion . The rocks have undergone low-grade 
metamorph ism and are hard where fresh . Contact metamorphism is of local extent near d iori t i c  intrusions 
i n  t he Pearse Peak area . T he Gal ice Formation underl ies much of northeastern Curry County , but i n  the 
study area it is restricted to isolated exposures nort hwest of Agness and near Pearse Peak . 
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The Ga l ice Format ion is Late J urass ic in age but is s ignificant ly o lder than the Dothan and Otter 
Poi nt Formations,for which a Late J urassic  age is  a l so interpreted , Buchia concentr ica recovered from 
the unit is i ndicat ive of an Oxford ian-K immer idg ian age (midd le Late J urassic) . The unit is c lear ly  older 
than the Pearse Peak d iorite which intrudes i t .  A rad iometric age of 1 45 m i l l ion years has been assigned 
to the Pearse Peak D iorite . 

T he Ga l i ce Format ion forms part of a large struct ural b lock between the lat itudes of the S ixes River 
and Euchre Creek which was thrust i nto western C urry County from far to the east in  media l Cretaceous 
t imes (see Tecton ic Sett i ng - Reg iona l Onshore Structure) . 

Eng i neeri ng characterist ics: T he Ga l i ce Formation forms rugged, moderate ly  steep to steep,  
uniform s lopes .  Soi l s  are predomi nate ly s i l ty c l ay looms and grave l ly looms and are genera l ly t hi n ,  Bed­
rock is  very hard and requires b lasting in deep cuts . The th in  bedding and c lose joi nting of the s i l tstone 
promote a re lat ive ease of excavation, and b l asting is  genera l ly not requi red for sha l l ow cuts in th is  mate­
ria l , Basa l t  i nterbeds are coarse l y  joi nted and massi ve . In genera l ,  foundat ion strengths for t he Ga l ice 
Formation are moderate ly h igh,  but  construction is restricted by topography . 

Hazards i nc l ude scattered debris s l ides on steep s lopes and severe erosion potent ia l .  Earthflow and 
s l ump fa i l ures are poss ib le  a long mapped shear zones i n  t he  i naccess i b le parts of the i nter ior . 

T he bedrock is impermeab le , and i nfi l tration is restricted to bedd i ng p lanes and jo ints . Water 
storage capac ity is  very low , and ground -water potent ia l  i s  gene ra l ly low . Loca l ly in areas of gent le 
topography, ground-water supp l ies may be adequate for watering l ivestock and for supp lying s ing le -fam i ly 
dwe l l ings . 

The si l tstones are genera l ly not suited for use as construction materia l owing to low abrasion resistance , 
sma l l  s ize of i nd ividual  fragments , and the potent ia l  for a l teration to c lay under exposure and heavy use , 
I nterbedded greenstones are sui ted for use as load-beari ng aggregate but not for use i n  aspha l t .  

Igneous and metamorph ic rocks of various ages 

Mou nt Emi ly Dacite (Tod) 

Geo logy: T h is unit  consists of bod ies of l ight-co lored igneous i ntrusive rock which i nc l ude 
dac ite , d iorite , and syen i te , T he dacite consi sts of re lative ly large crysta l s  of quartz and fe ldspar set in 
a fi ner-grai ned to g lassy matrix . The Mount Emi ly Dacite forms two large i ntrusions and sets of rad iat i ng 
d ikes i n  the Mount Emi ly area (Mount Emi ly  quadrang le )  and a series of sma l le r  e longate bod ies scattered 
a long the prominent shear zone between Brook ings and Carpenterv i l l e  (Cape Ferre lo quadrang le) . Joint ing 
is  var iab le and the rock is very hard whe re fre sh .  

T he Mount Emi ly Dacite is midd le O l igocene i n  age . A rad iometric age date of  30  mi l l ion years 
has been  obta ined from exce l lent exposures at Harris Beach State Park (Dott , 1 97 1 ) .  The unit corre lates 
with other O l igocene i ntrusions throughout much of the Oregon Coast Range . In add it ion ,  basa l t ic  d ikes 
cutt ing the Otter Poi nt Format ion between  Thomas Creek and Horse Prair ie  Creek have been dated at 28 
mi l l ion years (Dot t ,  1 97 1 ) . Their or ig in  is probab ly c lose ly re lated to the orig in  of t he Mount Emi ly Dac ite , 

Eng i neer ing character ist ics: The Mount Emi ly Dacite forms a prominent mountain and numerous 
rad iat ing d ike r idges in the lower Chetco drai nage and severa l other scattered d ikes north of Brook i ngs . 
T he rock is genera l ly very hard and forms bedrock exposures covered loca l ly by col i uvia I materia I .  On 
gent ler  s l opes on Mount Emi ly weather ing has produced pockets of residual s i l ty loam and crumbly rego l ith 
to depths of 30 feet or more . Excavation requ i res blast ing except in weathered areas, which are d i ffi cu l t  
t o  identify beforehand . Joint ing is  b locky and i s  med ium to coarse , Foundat ion strengths are h igh . 

Hazards i nc lude rockfa l l ,  severe eros ion potent ia l ,  and the poss ib i l i ty of caving i n  deep cuts i n  
weathered mater ia l ,  Road construction requ ires consideration o f  h igh ly var iab le  condi t ions presented by 
the steep rocky s lopes,  pockets of weathered rega l ith ,  and hard d ikes cutt i ng through the weathered rego­
l it h . Side-hi l l  fi l l s are not recommended for steep, bedrock s lopes.  

In fi ltrat ion rates and permeabi l it ies  are ge nera l ly very low on fresh bedrock, and perco lation of 
water is  restri cted to joi nts , Weathered bedrock is  moderately permeab le  and may represent s ignificant 
loca l sources of ground water for sma l l -sca le use . Ground-water potentia l  and water storage capacity 
of the fresh bedrock are very low .  
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The Mount Emily Dacite is ideo! for lood-beoring aggregate owing to high abrasion resistance, close 
jointing, ond freshness. Where coarse ly jointed it is suited for use os riprop. The rock is probably unsuit­
able for use os concrete aggregate owing to its angularity, high gloss content, ond intermediate composition. 
Unfavorable reactions with the concrete mortar ore indicated. 

Colebrooke Schist (Jc) 

Geology: The Colebrooke Schist forms Iorge exposures in Curry County, but in the study oreo i t  
is exposed only in the central Langlois ond central Port Orford quadrangles. The original rocks from which 
the Colebrooke Schist was derived were on oceanic suite which included thin-bedded si ltstone, thin sand­
stone interbeds, minor pil low lavas and tuffs, and chert. The rocks ore metamorphosed to the greenschist 
and blueschist facies of metamorphism to give quartz-mica phy l l ites, quartz-mica schists, ond greenstones. 

Although the unit is metamorphic in origin, it is probably not directly related to the pods of high­
grade blueschist in the Otter Point Formation, or the omphibolites at the Big Croggies, or the schists in 
the Briggs Creek area to the east. 

The phy l l ites and schists of the Colebrooke Schist ore characterized by a pronounced parallel orien­
tation of individual mineral groins (Figure 7), especially mica. This is of considerable significance from 
on engineering standpoint (see below) . Not a l l  schistose rocks in the study area belong to the Colebrooke 
Schist. Foliate rocks described from shear zones in the Dothan Formation (Dott, 197 1 )  ore of a different 
structural setting and were derived from that unit. Also, foliate rocks in the Pearse Peak area may not 
belong to the Colebrooke Schist although they ore mopped as such. These exposures seem to occur in low 
structural positions which appear to be inconsistent with the presently interpreted overthrusting of the 
Colebrooke Schist. 

Rocks of the Colebrooke Schist were metamorphosed in latest Jurassic or earliest Cretaceous times, 
Potassium-argon dotes for the metamorphism reported by Dott (1971) include ages of 138 million years in 
the Collier Butte quadrangle and approximately 125 mi Ilion years in the Port Orford quadrangle. Strontium­
rubidium ages of about 128 million years in the Port Orford quadrangle. Strontium-rubidium ages of about 

Figure 7. Well-developed schistosity in phyllites and schists of the 
Colebrooke Schist. 
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1 28 m i l l ion years are reported by Coleman ( 1 972) . These' age dates corre l ate rough ly  with the age of retro­
grade metamorph ism of the b l ueschist pods of the Otter Poi nt Format ion, the age of the South Fork Mounta in  
Sch i st of Ca l i fornia  (Suppe , 1 969) , and  the age of  deposition of  part o f  the Myrt le Group . 

Metamorph i c  grade is consistent wi th  metamorphism a long a zone of act ive subduction .  On the basis  
of geoc hem ica l  evidence, Col eman ( 1 972) conc l udes that the Ga l ice Formation is  a more l ike ly proto l i th 
than e i ther t he Dothan or Otter Poi nt Format ions . 

T he Colebrooke Sc hist rests on a subhorizonta l contact wh ich  truncates under lying structures and 
geo logic units .  Current thought is that t he un i twas thrust fau l ted into the area probably i n  mid  Cretaceous 
t imes (see Tectonic Setti ng -Regiona l  O nshore Structure) . The unit i s  characterized by a p lanar arrange­
ment of mi neral gra ins (sc hi stosity) which was formed during metamorph ism and by sma l l -sca l e ,  northerly 
trending fo lds which  formed when the unit was thrust i nto the area . There are no internal  structures assoc­
iated with the northward thrust ing of the unit  postu lated in t he northern part of the County . 

E ng ineeri ng characteri st ics: T he Co lebrooke Schist forms steep to moderate ly steep uni form 
s lopes with loca l hummocky areas i n  reg ions under la in  by serpent i ne (see Serpentine and peridotite) and 
scattered knobs and h i l ls i n  reg ions of re lat ive ly hard bedrock . Soi l s  over ly ing sch istose rocks are genera l ly 
a few feet t h i ck and consist of si l ty c l ay loam and si l ty c lay with scattered rock fragments near the base . 
Soi l s  on steep s lopes are co l l uv ia l . T he rock is ge nera l ly r ipped with on ly moderate d i ffi cu l ty, owing to 
the fi ne jo int ing and the schistosity . B lasting is requ i red in deep cuts and i n  greenstone or other nonfo l iate 
rocks in the un i t .  Foundat ion strengths are moderate ly h ig h .  However, large construct ion projects and 
road fi l ls must proceed on ly after adequate consideration of the potentia l for fai l ure a long fo l iation p lanes.  

Infi l tration rates probab ly vary from moderate ly low to moderate ly h igh depend ing upon the deve lop­
ment of fractures a l ong the sch i stosity . Water storage probably shows s imi lar variat ions and ground-water 
potent ia l  is moderate ly low to moderate . Streams dra in ing areas of Col ebrooke Schist appear to have more 
un i form summer flows than streams dra i n ing other bedrock un its for which l ow and very low ground-water 
potent ia l s  are i nterpreted . 

The sc histose rocks are not suited for use as fi l l  or embankment mater ia l  ow i ng to the p lanar shape 
o f  the part ic les and consequent hig h potent ia l  for set t l i ng under load . S im i lar ly t he rock is not suited to 
use as load-bear ing aggregates ow i ng to its potent ia l  for sett l i ng ,  low abrasion resi stance , and h igh mica 
content (and consequent h igh  potent ia l  for weather ing to c l ay) .  I n  areas of non-sch istose roc k, such as 
g reenstone or chert,  potent i a l  for use as embankment mater ial  or road meta l  i s  fa ir  to moderate . Deep cuts 
formed by the Rogue River have exposed extensive unweathered exposures that are suitab le for use as fi l l .  

Pearse Peak Diorite (Jpp) 

Geo logy : T he Pearse Peak D iorite is a body of i ntrusive rock of i ntermediate compos it ion 
which i ntrudes the Gal i ce Format ion i n  the Pearse Peak area (Port Orford q uadrang le) . It consists of 
hornb lende-biotite-quartz d iorite near its core and of pyroxene -hornb lende d iorite i n  its northwester ly 
exposures . On the southwest s ide it is sheared and a l tered . Joi nt ing i s  genera l ly f ine and produces b locks 
a foot or less in their greatest d imens ions . Sma l l  d ikes penetrate the ne ighbor ing Ga l ice Format ion . Zones 
of  contact metamorphism are narrow . The petro logy of the unit is d i scussed briefly by Dott ( 1 97 1 ) , Lund 
and Ba ldw in  ( 1 969) , and Koch ( 1 966) . 

Rad iometr ic age dates for the Pearse Peak D iorite range between 1 41 and 1 46  mi l l ion years (Dott , 
1 965; Koch ,  1 966) . The unit postdates the Gal ice Format ion and predates the Otter Point and Dothan 
Format ions . An age date of 275 m i l l ion years (Dott, 1 965) i s  regarded as spurious by Dott ( 1 97 1 ) .  The 
unit forms part of a large structura l b lock between the lati tudes of the Sixes River and Euchre Creek that 
was thrust i nto the area from far to the east in  media l Cretaceous t imes (see Tectonic Sett i ng - Regiona l O n­
shore Structure) . 

Dott ( 1 97 1 )  reports ages of 285 mi l l ion years and 2 15  mi l l ion years for diori t i c  bod ies surrounded by 
serpentine at Sadd le Mounta i n  (east of study area) and near Carpentervi l le (Cape Ferre lo quadrangle) respec­
t ive ly . These diorit ic bod ies (too sma l l  to show on maps) are not part of the Pearse Peak Diorite but i nstead 
represent pieces of continental crust sheared i nto the area a long w ith the serpent i ne .  
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E ng i neer i ng c haracterist i cs :  The Pearse Peak Diorite forms steep uplands and underl ies some 
of the h ighest terra i n  of the study area . Soils consist genera lly of silty to sandy loam and are domi nated 
by patches of gravelly co lluv ium on very steep slope s .  Fresh rock is  hard and jointed, yie ld i ng medi um­
sized angu lar blocks .  Excavat ions requ i re blast ing,  and  foundation strengths are very h ig h .  

Hazards include severe eros ion potent ia l, h igh  debris-slide potential i n  areas of colluvium o n  steep 
slopes, and th in  soils . Construction of logg i ng roads genera lly requ i res bedrock cuts on steep slopes, 
adequate drai nage foc i  I i t ies, and carefu I assessment of depths to bedrock .  

Perco lation o f  ground water i s  restr icted to jo ints, and water storage capac it ies are low . Ground­
water potent ia l  is very low ,  except possi b ly in areas of deep weathering on gentle s lopes w here i t  may be 
suffi c ient for stock or s ingle-family dwe ll ings.  

The suitab i l i ty of the rock for construction uses varies wi th weathering and jo int i ng character ist i c s .  
Genera l ly ,  t he rock is  we l l -su i ted to  use for fi ll o r  load-bear ing aggregate . Because of  i ts i ntermediate 
composition and re lat ively h igh potentia I for adverse reactions wi th  cement mortar, t he rock is not suited 
for use as aggregate for concrete . Abrasion res istance is  h igh . Coarse joi nt i ng i s  rare and suitabil i ty for 
use as r iprap is apparently l im i ted . 

Serpenti ne (serpenti ni te) and per idot i te (spp) 

Geology: Serpe nt i ne is t he name of a m inera l  group which  inc ludes several platy m i nerals 
r ich  i n  magnesium and i ron and ana logous to certa i n  clay m inera l s  i n  terms of structure . Peridot i te i s  
hard, massive roc k composed of iron- and  magnesi um-r ich mi nerals such as o l iv i ne and  pyroxene . Geol­
ogi sts commonly refer to rocks composed of serpenti ne as " serpenti n i te "  and to serpenti n i te and peri do­
tite as " u l tramafic rocks . "  

I n  the study area serpentine occurs i n  many di fferent structural setti ngs . It occurs as hori zontal slabs 
beneath thrust plates, as subhori zonta l lenses wi th in  t he Otter Poi nt Formation, and as vert ica l slabs along 
vertica l faults of vary ing ages .  It is generally h igh ly sheared and is common ly assoc iated w ith  tectonic 
b locks of fore ign materia I such as per idotite . 

North of Wedderburn, the Vondergreen H il l  peridotite l ies w ith in  Otter Point terra i n .  Its borders 
are sheared and are grossly concordant wi th the surround i ng rock (Koch, 1 966) .  I t  i s  i nterpreted as a 
piece of Late J urassic ocean-fl oor crust t hat was sheared i nto the Otter Poi nt Formation as that uni t  was 
be i ng thrust beneath  the North American cont inent (see Tecton ic Setti ng--Reg iona l Onshore Strur::ture} . 
Exposures of smal ler  bodies of serpent i ne i n  the Gold Beach area show gently d ipp ing serpe nt ine separated 
above and below by t hrust fau l ts from rocks of t he Otter Poi nt Formation . 

I n  general terms, all the serpent i ne and peridotite of the study area probably represents s labs of 
oceanic crust that have bee n i ntroduced i nto the area by regiona l thrust i ng .  The spec i fic m inera logy of 
the rocks is consistent w i th  such an orig i n  (Ghent and Coleman ,  1 973) , and serpent i nes  s imilar to those 
of the study area have been recovered from dredge hau l s  along ocean ridges (Medar is  and Dott , 1 970) .  

Because severa l per iods of t hrust ing and faulting have affected the area (see Tecton i c  Setting ­
Reg ional Onshore Structure}, the orig i ns of spec i fi c  ultramafic bodies may vary considerab l y .  Thus, some 
serpentine represents a sole for the Colebrooke thrust sheet while ot her serpentine bodies represent more 
loco I s labs of crusta I materia I a long sma ller thrusts w i th i n  the Otter Point Formation . I n  sti I I  other areas 
t he serpentine was remobilized a long ve rt ica l fau l ts in Cenozoic  t imes to form verti cal slabs . Although 
t he actua l age of format ion for the ultramafic rocks is  Late Jurassic, the t imes of its fi na l emp lacement 
i nto present sett i ngs  is  h igh ly  variable . 

E ngi neeri ng c haracterist i cs:  Large exposures of serpenti ne form flat , ge ntle r idge crests at 
Red F lats,irr�gular, moderate ly steep s lopes in ma jor drai nages, and large lands l ides i n  p laces . Sma l ler 
exposures of serpent ine are common ly res i stant to erosion, relat ive to the enc los i ng bedrock,  and form 
prominent knobs .  Soi l s  are genera lly iron-ri ch, clay-r ich loams,and silty c lays . They commonly are only 
a few feet th ick, even i n  areas of pro longed weather ing . The soi l s  are bouldery i n  t he subsurface and pass 
i nto jointed and sheared bedrock w ith depth . 

Serpent ine is moderate ly hard but crumbles i nto progressive ly fi ner slabs and sheets upon impact . 
Excavations are troublesome ow i ng to the numerous residua l boulders of greatly vary ing size , and b last ing 
is required i n  deep cuts.  In the extensive uplands areas under la in  by serpenti ne, b l ast i ng i s  generally not 



24 LA N D  U S E  G E O LO G Y  O F  C U R R Y  C O U N TY 

economica l .  T here ,  roads b l aded to bedrock are genera l ly very rough,ow ing to t he concentration of 
weatheri ng and c lay a l te ration a long shears and jo int s .  T he resu l t  is sharp ly a lternat ing hard and soft 
mater ia l  in the road base . W ith t ime the c lay is eroded by over land f low to produce very rough surfaces .  

Foundation stre ngths are moderate ly h igh  and  t he un i t  i s  capab le  of  support i ng structures of  moderate 
size in areas free of mass movement or extreme weather ing . 

Geo log ic hazards i nc l ude shal low depths to bedrock and the consequent l im itations on excavations 
and subsurface d isposa l of waste effluent . Mass movement potentia l  varies considerab ly  and i nc l udes 
act ive mass movement in  some areas (e .g .  parts of the F l oras Creek drai nage) and stab le  ground in ot hers 
(sma l l  exposures in  the Go ld  Beach area) . On-site i nspe ction is requ i red to assess t he s l ide potentia l of 
serpent ine exposures .  

I nfi l trat ion rates are genera l ly very low .  Water storage capacity and ground-water potentia l are 
a lso very low .  Ow ing to the impermeab i l i ty of the u nder ly ing bedrock at Red F lats and ot her f lat-lyi ng 
serpentine areas, sma l l  q uantit ies of water are stored in t he soi l or at shal low depths . Pote ntia l  for con­
tami nation of  th i s  supp ly of ground water is very high, both be cause of t he sha l low depth of the reservoir 
and the range land use of much of t he terrai n .  

Serpent ine and peridotite are poor ly suited for fi l l  or embankments owing to the genera l ly h igh  c lay 
content and the w ide size d istribution of the bou lders . Ac hieving acceptab le compaction i s  extreme ly 
d iffi cu l t .  I n  addi t ion,  t he bou lders are  genera l ly round rather than angu lar ,  a factor which contri butes 
to the instab i l i ty of fi l l .  Abrasion resista nce and res istance to weather i ng are a l so very low and the materia l 
i s  not sui ted to use as load-bearing aggregate . 

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

Genera l 

Ten surfic ia l  geo log ic un its are recogn ized . T hey are 1 )  beach sand , 2) unstab le  dune sand , 
3) stab le  d une sand , 4) mars h ,  5) Quaternary a l l uv ium,  6) Quaternary f l uv ia l  (river) terrace depos its, 
7 )  Quaternary lower mar ine terrace depos its, 8) Q uaternary m idd le mar i ne terrace deposits,  9) Q uaternary 
uppe.r mari ne terrace deposits , and 1 0) Q uaternary h igher mar ine terrace depos its . Surfic ia l geo log ic units 
are semiconso l idated to unconso l idated deposits formed by re lat ive ly re cent processes; they form thin layers 
over o lder bedrock un i ts and struct ures .  Surfic ia l  geo log ic un its differ from soi l s  in  t he strict sense in t hat 
t hey are products of deposition rat her than weathering . 

T he re lat ive ages of t he surfi c ia l  deposits are summarized schematica l ly i n F igure 4 .  The marine 
terraces are t he remnants of past sea f loor e levated by rece nt up l i ft ,  and the river terraces are the d issected 
remnants of prior f lood p la i ns .  The various sand deposits were laid down re lat ive ly rece nt ly as risi ng sea 
leve l moved the shore l ine i n land (see Geol og ic  H azards - Wave Eros ion and Deposition) . Identification of 
i nd ividua l terraces i nvolves a ba lanced considerat ion of e levation ,  surround i ng terraces,  degree of di ssec­
tion,and other loca l factors; long-range corre lat ions a re not poss ib le . 

Beach sand (sb) 

Geo logy: Beaches are gent ly s lop i ng zones of unconso l idated sand that extend landward from the 
low-water l i ne to a point where there is a defi n ite change in rock type or landform . Major beaches of 
C urry County are located north and sout h of Cape B l anco and in t he Rogue River area .  Lesser beaches 
are present in t he many coves wh ich  c haracter ize much of t he coast l ine .  Beach mater ia l is genera l ly th in  
and consists primari ly of  sand with  coarser materia l near head lands and sea stacks .  Beach mater ia l  i s  derived 
from loca l sources ( Laudon,  1 967 q uoted in Dott , 1 97 1 )  and from major drai nages (see Geo logic Hazards ­
Wave Erosion and Deposit ion - Beaches) . Beaches are adj usted to the prese nt sea leve l and are not more 
than a few thousand years o l d .  

E ng ineer i ng c haracterist ics:  Beach sands are easi ly  excavated , are genera l ly not compress i b l e ,  and 
exh ib i t  no cohesion . Excavation or use for foundations i s  genera l ly not advised ow ing to the dynamic 
sett i ng (see Geo log ic  Hazards - Wave Erosion and Deposit ion) . Poss ib le  resource pote nt ia l  may inc l ude b lack 
sand deposits short d istances offshore , espec ia l ly i n  t he vici nity of the Sixes River (see Mineral  Resources) . 
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Unstab le  dune sand (su) 

Geology: Th is unit i nc l udes dunes that are unprotected or poorly protected from the wind by vege­
tation . Major areas of unstab le  dune sand i nc l ude the active foredunes and re lated dunes of the New R iver 
area and the exposed hummocks south of the Pisto l River . Stab i l ized foredunes are a l so i nc l uded because 
they represent areas of active sand deposition by the wind .  

Unstab l e  dunes are composed o f  fi ne- to med ium-gra i ned sand and have d irect connections t o  contin­
u i ng sources of sand supp ly suc h as beaches . T he unstab le  dune sand of the study area is genera l ly th in  
except i n  the Pisto l River area where thicknesses of up to 1 00 feet are poss ib l e . Because the sand i s  not 
stat ionary, pan horizons and other soi l  deve lopments are genera l ly absent or poor ly deve loped . T he un­
stab le  dune sand is adj usted to present -day beach act ivity and genera l ly the dunes are a few t housand 
yec;rs or less in age . 

Engineeri ng characterist ics: Unstab le dune sand is easi ly  excavated, noncohesive, and noncom­
pressib l e .  Layers of compress ib le  organic or c l ay-rich soi l may be present in the subsurface and shou ld  
be  adequate ly researched prior to large construct ion (see Marsh deposits) . So i l s  are not deve loped and 
i nfi l tration is rapid . Major hazards i nc l ude wave erosion (see Geologic Hazards - Wave Erosion and Depo­
sit ion) and ocean f looding (see Geol ogic Hazards - Ocean F lood ing) . 

Active dunes represent a ba lanced response of the terra in  to present wind patterns, vegetat ive cover, 
and sand supp ly .  C hanges i n  any one of these can i n it iate changes i n  patterns of wind eros ion or wind 
depos i t ion . Sand depos i t ion is promoted where natura l or man-made obstruct ions divert or s low the w ind, 
causi ng it to lose its carry ing capaci ty . The resu l t  can be burial  or part ia l buria l  of roads, lawns, or 
park ing lots . In urban areas where excavations expose o ld dune deposi ts, sand b lown i nto streets can c l og 
storm sewers dur ing heavy ra ins .  I n  coasta l areas where houses or condominiums are constructed i n  regions 
of wind-b lown sand, loca l adj ustments of w ind patterns can resu l t  in partia l  buria l of structures . B low ing 
sand a l so abrades surfaces of cars, houses, and other man-made objects. The i rr i tat ion factor of blowing 
sand shou ld be considered in the locat ion of campi ng fac i l i t ies and s imi lar land uses.  Where vegetation 
is  removed by fi re, logging, or overgraz i ng, w i nd erosion may remove soi l horizons necessary for revegetation . 

Owing to the ir rap id i nfi l trat ion and h igh storage capaci ty, the th icker dune deposits south of the 
Pistol R iver may const i tute a s ignificant loca l  source of ground water .  Contamination by septic tanks shou ld 
be avoided. An addit ional resource va l ue of the unstab l e  dune sand is its suitab i l ity for use as fi l l  materia l .  
We l l -sorted sand shou ld  not be used for fi l l  i n  submerged areas, however, because of the potent ia l  for l ique­
fact ion during earthquakes (see Tectonic Setting • ·Eart hquakes) or other vibrations . 

Stab le dune sand (ss) 

Geo logy: Stab le dune sand consists of fine- to medium-gra i ned unconso l idated sand b lown off the 
present-day beaches i nto dunes and stab i l ized by vegetat ion . Owing their origin to the most recent r ise 
of sea leve l, the stab le  dune sand deposits are less than 5 , 000 years i n  age . Not i nc l uded i n  the unit  are 
vegetated dune deposits, s ituated on terraces, which were formed during prior high stands of sea leve l 
(see Quaternary midd l e  mar ine terrace deposi ts) . The unit consists of sand deposits as much as 1 00 feet 
thick south of the P isto l River and minor dune deposits i n land from active foredunes in the Rogue River and 
New Lake areas . 

Stab le  dune sand consists of f ine- to med ium-grai ned unconso l idated sand with i ndistinct bedd ing . 
Other than i n  the P isto l R iver area the deposits are th in .  Pan deposits and other soi I features are poor ly  
deve loped . Loca l ly the sand may over l ie peat deposits especia l ly i n  the New River area.  

E ng ineeri ng characterist i cs: Stab le  dune sand is  easi ly workable, exhibits l it t le  compress ibi l ity, 
and is essent ia l ly noncohesive . It may over l ie layers of compress ib le  organ ic-rich or c lay-rich materia l .  
Large construction projects shou ld be preceded by adequate subsurface i nvest igat ions to assure aga inst 
sett I ing . 

Soi l s  deve loped on stabi l ized sand are genera l ly a few inches thick or l ess and consist of sandy 
loam and loamy sand . I nfi l trat ion rates are high and there is no surface runoff. Older depos its of stab i l ized 
dune sand on terraces are d iscussed under the appropriate terrace head ings . 
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W here vegetat ion i s  removed, w i nd eros ion and deposit ion may be i n i t iated (see Unstab le  dune sand) . 
In areas of pro longed construction, temporary means of sand stab i l ization i n  exposed areas shou ld be con­
sidered . Structures p laced i n  excavat ions can act to inh ib i t  sand migration i n  a very loca l sense and can 
be expected to be p lagued by undesi rab l e  sand deposit ion . I n  areas of h igh  or f l uctuat ing water tab l e, 
cav ing of excavations is a major hazard owing to saturat ion and lack of cohesio n .  

Resource potent i a l  o f  stab le  sand i n c l udes ground-water production i n  areas of th ick sand accumu la­
t ion and w i ld l i fe habitat . South of the Pisto l  River care shou ld  be exerc ised to assure t hat the potent ia l  
ground -water resource is  not contaminated by sept ic  tanks or  other means of waste d i sposa l . Sand i s  we l l ­
su ited to use for many types of fi l l .  Ow i ng to t he h igh  suscept ib i l ity to l ique faction, however, we l l -sorted 
dune sand is  not su i tab le  for fi l l  i n  areas of future saturat ion, such as wet l and areas or areas where roadfi l l s 
impound or retard surface runoff . 

Marsh depos i ts (m) 

Geo logy: F i ne -gra ined wet l and deposits ri c h  i n  organic  matter and exposed at the surface are 
des ignated as mars h .  Organic-r ich l ayers i n  t h e  subsurface are termed peat . T he marsh i s  wide ly  d i s­
tri buted i n  low- ly ing areas of Q uaternary lower marine  terrace deposits and Q uaternary a l l uv ium i n  the 
northern parts of t he C ounty, a l ong stream c hanne l s  in t he Q uaternary m idd le  mari ne terrace deposits  
surround i ng Garrison Lake near Port Orford, a nd a long the mouths of many coasta l drai nages such as 
E uchre Creek . 

As a l l uviat ion cont i n ues, the marsh depos i ts are common ly buried so t hat the subsurface d istr i bution 
of  organ ic-r ich  mater ia l  i s  s ign i fi cant ly greater than t he surface d istr ibut ion .  I n  the  New Lake area , for 
examp le, natura l processes of a l luviation and d ra i n i ng of the area by man have s ign i fi cant ly reduced the 
extent of t he lake a nd marsh s i nce the t urn  of t he century . 

Un i t s  wh ich  may i nc l ude i nterbeds of peat i n  the sha l l ow subsurface i n c l ude Q uaternary a l l uv ium, 
unstab le  d une sand, and stab le  dune sand . A l though the d i stri bution of peat in the subsurface can often 
be ant ic ipated i n  a genera l way, actua l s i te eva l uations requ i re on-site subsurface i nvest igat ions . 

E ng i neeri ng c haracter i st i cs :  Under l ight  to  moderate loads, t he spongy to fibrous mater ia l  maki ng 
up peaty soi l s  compresses and expe l s  water to produce hazardous sett l ing over pro longed periods of t ime . 
An add it iona l hazard i n  areas of la rger fi l l s  and deve lopmen ts is that of spread i ng of unconso l idated 
mater ia l  in the subsurface i n  response to the increased load . Impacts may i nc l ude so i l  d i s locations, for­
mation of r idges and mounds a l ong or ig ina l  deve lopme nts, a nd damage to structures . 

Where necessary, the severe restr ict ions posed by marsh and peat can common ly be overcome by 
1 )  excavat ion a nd backfi l l i ng wi th  a more su i tab le materia l ,  2) pre loadi ng, 3) the use of p i les  or spread 
foot ing, a nd 4) t he use of counterweights or dra ins . For sma l l  structures, t he use of fi l l  needed to avoid 
pro jected flood i ng may be suffic ient to overcome the sett l i ng hazard . W here peat i s  prese nt in t he sub­
surface, the extent of the hazard can be accurate ly  determ i ned only by subsurface study . 

Ad d it iona l hazards assoc iated wi th  marsh are f lood ing a nd h igh  ground water .  Because of the low 
cohesion and saturated cond it ions associated w i th marsh and peat, caving is a si gn i ficant hazard i n  exca­
vations . Major resource va l ues  i nc l ude w i l d l i fe and marg i na l  agr i cu l tura l potent ia l . Large marshes i n  
t he N ew Lake area have been  dra i ned by a series o f  cana l s  and are now i n  agricu l tura l  use . 

Q uaternary a l l uv i um (Qa l )  

Geology: Unconso l i dated deposits of poor ly  sorted g rave l, sand, s i l t, and c l ay i n  the flood p l a i ns 
a nd chan_ne l s  of maj or r ivers and streams is ass igned to the Q uaternary a l l uv ium.  Th icknesses vary from a 
few feet to an estimated 50 feet i n  some estuar i ne areas . Grave l and sand predomi nate a l ong the Rogue 
and C hetco Rivers, and numerous commerc ia l  operat ions for sand and grave l are located i n  these areas 
(see M inera l Resources - Construct ion Materia l s) .  

Quaternary a l l uv ium and other surfic ia l  depos its such as marsh, Quaternary l ower marine terrace 
deposi ts, and Q uaternary fl uvia l terrace depos i ts are loca l ly trans it ional, and boundaries are d i ff icu l t  to 
l ocate . T h is  is part i cu la r ly true in the broad, f lat- ly ing low lands nort h of F l oras Lake . A long major 
drai nages, Q uaternary a l l uv i um, wh ich  represe nts ongo i ng deposi t ion on f lood p l a i ns, i s  d i ffic u l t  to 
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distinguish from Quaternary fluvial terrace deposits, which rarely if ever flood {see. Geologic Hazards -
Stream Flooding). Generally, however, the boundaries selected in this study are meaningful . 

Engineering characteristics: Lithology, engineering properties, and hazard potential of the Quater­
nary alluvium vary considerably .  Generally, the Quaternary alluvium is eosi l y  excavated and exhibits 
moderate foundation strength .  Where compressible soils are present at the surface or at depth, the potential 
for sett ling should be considered for any developments {see Marsh). Of particular concern is the potential 
for sett ling of roads and highways which must pass over al luvium with high organic content. 

Flood-plain al luvium generally consists of si It and clay near the surface and coarser grained materia I ,  
such as sand and grove l ,  at depths o f  a few feet o r  more. The fine-grained surficial material is deposited 
by slow-moving flood waters and is not strictly a product of weathering, although immature true soils ore 
developed locally where weathering is not totally masked by deposition. The texture of alluvium at the 
surface is not representative of the al luvium at depth. 

I nfi ltrotion rates are slow, and a major hazard during the wet season is ponding. Related hazards 
inc.lude high water table and flooding. Consequently effluent disposal systems generally are not practical. 
Additional hazards include stream-bonk erosion and the relatively high potential for caving in excavations. 
Resources include ground water, sand, grove l ,  wildlife, open space potential, and potential for agricultural 
use. Residencial use is generally not recommended. Necessary structures may require use of piling to avoid 
flood damage or settling. 

Quaternary fluvial terrace deposits {Qft) 

Geology: Alluvial terraces are formed when continued uplift of the land or a drop in sea level prompts 
the stream to cut downward through its flood-plain deposits to form a new flood plain at a lower elevation. 
The dissected remnants of the former flood plain are seen as terraces along the sides of the valley. Quaternary 

Figure 8.  Gravel and sand of a fluvial 
terrace exposed in a roadcut on 
F loros Creek. 
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f luvia l  terrace deposits are deve loped loca l ly a long the major r ivers of the study area . Like the adjacent 
a l l uvium of the present-day f lood p la ins, they consist primari ly of sand and grave l (Figure 8) . T hicknesses 
genera l ly do not exceed 30 or 40 feet . We l l - log data near the mouth of the P istol R iver i nd icate a m in i­
mum th ickness of  35  feet i n  that area . A l though a late P le i stoce ne age is assigned to  a l l  the f l uv ia l terraces, 
they are not a l l  precise ly the same age . 

Eng i neering characterist i cs: The Q uaternary f l uv ia l  terraces are poorly to moderate ly consol idated 
and are excavated with ease or with moderate difficu l ty .  B last i ng is not required . The terrace mater ia l  
i s  compacted and is  not compressib le .  Foundat ion strengths are moderate to  high . 

The fl uvia l  terraces genera l ly consi st of s i l t  or c lay near the surface and coarser gra ined materia l ,  
such as  sand or grave l,at depths of  a few feet or  more . The fi ne-gra ined surfic ia l  mater ia l represents 
f lood-p lain deposi ts and soi l .  Loca l ly low infi l tration rates and surface depressions combine to produce 
a pond ing hazard during the wet w inter months . Sept ic tanks are not pract ica l  in these areas . Danger of 
cavi ng is low to moderate . In areas of d i ssected and sem icompacted fluvia l terrace mater ia l , deep cuts 
are very stab le . An example is the roadcut through terrace grave l s  a long the lower reaches of the S ixes 
R iver. E lsewhere , where e levations above the water tab le are smal l ,  or where broad , flat areas in fine­
gra i ned so i l s  are deve loped , the hazard of cav i ng is greater . 

The fl uvia I terraces are subject to occasiona I flood ing i n  p laces (see Geologic Hazards - Stream 
F looding) . Near Agness , flood waters have reached 90 feet above the low-flow e l evation of the r iver , 
and at the mouth of the Rogue R iver surfaces mapped as f luvia l terrace have histories of f lood i ng .  E lse­
where , the d i stinction between terraces and flood p la ins are equa l ly unc lear depe nding upon the data 
ava i lab le and the frequency of flood ing under considerat ion . 

An addi t iona l hazard of the f luv ia l terraces is the variab le thickness of the deposits . Where knobs 
of hard bedrock are near the surface , septi c tanks, basements , and roadcuts must be eva luated in terms 
of the under ly i ng bedrock .  Genera l ly the terraces exhibit  re lative ly few hazards and are we l l -suited to 
a variety of uses i nc l ud ing residences and pasture land . 

Quaternary lower mari ne terrace deposits (Qmt l )  

Geo logy: The Quaternary lower mar ine terrace depos its under l ie  the f lat low lands north of F loras 
Lake . E levat ions are genera l ly between 20 and 40 feet above sea leve l . In the northern part of the 
County the terrace is equiva lent to the W hiskey Run terrace of Griggs ( 1 945) . Long-range corre lat ions 
of terraces ass igned to the un it in the southern part of the County are uncerta i n .  

The Quaternary lower marine terrace deposi ts consist of sand and s i  I t  and bas a I grave I s .  Th icknesses 
are probab ly sim i l ar to other mari ne terraces i n  the area and probab ly do not exceed a few tens of fee t .  
The terrace deposits are transit iona l with  Quaternary a l l uv i um a long ma jor dra inages and are covered w i th  
marsh deposi ts i n  broad low-ly i ng areas i mmed iate ly i n land from the stab le and unstable dunes .  

The terrace was probab ly formed during a l ate P le i stocene h igh  stand of  sea leve l such as the one 
reported to have occurred 35 ,000 years ago by Mi l l iman and Emery ( 1 968) . Rad iocarbon dates of about 
30, 000 years have been obta ined from parts of the lower terraces in southern Coos County (Kent ,  1 975 
ora l communication) . 

· 

Eng i neeri ng character ist ics: I n  the northern part of t he County the lower mar ine terrace deposits 
are excavated w ith l i tt le d i fficu lty, exhib i t  moderate foundat ion strength, and are compressi b le i n  p laces 
depend ing upon the nature and d istri but ion of marsh deposits (see Marsh Deposits) . 

The flat surface , low e levat ion , and re lative ly  low infi l tration rates of the terrace surface i n  the 
northern part of the County produce a severe pond ing and high water-table hazard over much of the lower 
mar ine terrace . I n  addit ion ,  the lower reaches of severa l sma l l  drainages pass over the terrace and generate 
a severe flood potent ia l .  De l i neation of the prec ise boundaries o f  the f lood hazard i s  d ifficu l t  owing to 
the gent le topography . Excavat ions are prone to cavi ng, especia l ly dur i ng the wet season .  

Add it iona l hazards inc lude a poss i b le potent ia l for m i nor l iquefaction i n  some p laces during major 
earthquakes and sha l low depths to bedrock loca l ly .  Major resource pote nt ia l s  inc l ude w i l d l ife habi tat 
and open space . The lower marine terrace is suitable for very low-density and proper ly located residentia l 
use . 
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Quaternary middle marine terrace deposits (Qmtm) 

Geo logy: The Q uaternary m idd le  mari ne terrace depos i ts form the gent ly warped tab le lands east 
of Cape B l anco (F igure 9) and a lso are prese nt in t he Gold Beach area and at Brooki ngs . E levat ions vary 
betwee n  20 and 200 feet above sea leve l .  I n  t he northern part of the County t he un i t  is equiva lent to the 
Pioneer terrace of Griggs ( 1 945) . Eq u iva le nce of t he midd l e  terrace i n  southern Curry County is uncerta i n .  
T h e  Quaternary midd le  mar ine terrace i s  gent ly to moderate ly d i ssected . 

T he deposits consist of 1 0  to 40 feet of basa l grave l and over ly i ng sand i n  the Cape B lanco area , 
Norther ly  tre nd i ng beach ridges (dunes) nort h of Port Orford record former shore l i ne s . I n  the Port Orford 
area , coarse-gra ined sands and grave l ly l enses predomi nate and dune forms are absent . Grave l s  are loca l ly 
abundant near stream channe l s .  K nobs of hard bedrock, which  formed sea stacks when the un i t  was be i ng 
depos ited, now protrude through the terrace depos i t s .  

Depos i t ion of the Q uaternary midd l e  mari ne terrace deposits probab ly occurred dur ing the l ast major 
i nte rg lac ia l h igh  stand of sea l eve l approximate ly 1 00, 000 years ago . Janda ( 1 969) reports rad iocarbon 
evidence for an age of greater than 45,000 years . 

Eng i neering character ist i cs :  A l though deposits of t he Quaternary midd le mar i ne terrace un i t  vary 
considerab ly  in composit ion, the e ng i neeri ng propert ies of the un i t  genera l ly i nc l ude moderate foundat ion 
strength, absence of compress i b l e  horizons in the s ubsurface (except in areas of dune sand) ,  and re lat ive 
ease of excavat ion . 

The f lat upper surface of the midd l e  marine terrace i s  di sse cted to sea l eve l by major streams and 
rivers and is transected to depths of ten fee t  or so by marsh- l i ned sma l ler streams (see Marsh Deposits) . 
Dune sands north of Port Orford and gent ly s loping so i Is south of Brooki ngs are we I I  -dra i ned . Broad, f lat 
areas and gent le depressions i n  t he Cape B l anco and Brooki ngs areas are poor ly  dra ined and in p laces are 
u nder la in  by impermeab l e  i ron-cemented pans . Soi l s  are fi ne gra i ned and inc l ude s i l ty l ooms, c lay looms, 
a nd si lty c lays . 

Hazards i n c l ude wave erosion, poor drai nage i n  p laces, and pote nt i a l  for cavi ng i n  excavations i n  
poor ly dra ined areas .  W here bedrock protrudes t hrough the terrace materia l  or i s  buried a t  sha l l ow depths, 
i t  m ust be considered in eva l ua t ing sept i c  tanks, road cuts, pipe l i ne routes, and other excavat ions . Because 
the terrace materia l  is coarser gra i ned t han the over ly ing soi l, waste disposa l eva l uations may requ i re con­
s iderab le  care . Land use i nc l udes ge nera l agr i cu l t ure , open space, cranberry and l i ly production, home­
sites, urban deve lopment, and domest i c  ground-water product ions . Land use conf l i cts wi l l  esca late i n  the 
future . A major concern w i  I I  be  betwee n the need for subsurface disposa l o f  wastes and the need to pre ­
serve the ground-water resource . 

Quaternary upper mar i ne terrace deposi ts (Qmtu) 

Geo logy: T he Quaternary upper mar i ne terrace deposits form s lop ing surfaces against the up l ands 
over looking the middle mar ine terrace east of C ape B lanco area and a l so are present in the Brooki ngs 
area . In northern C urry County the unit consists of semi conso l id ated sand and s i l t  w i th basa l grave l and 
i s  rough ly eq uiva l ent in age to t he Seven Devi l s  terrace of Gr iggs ( 1 945) .  The un i t  mapped immediat e l y  
east o f  Port Orford consists of 200 to  300 feet of massive sand wh ich  stands out i n  h ig h, vert ica l  c l i ffs 
a long road cuts and streams , P l iocene foss i l s  reported ly  have been recovered from some of these deposits 
(Dott, 1 97 1 ),and much of t he un it here may u l t imate ly be reass igned to an o lder  un i t . A m idd le  P l e isto­
cene age is  genera l ly i nterpreted for the Quaternary midd l e  marine terrace deposi ts in the Cape B l anco 
and Brook i ngs areas . 

Eng i neering character ist ics :  T he upper marine terrace deposits are dee p ly dissected, we l l -dra i ned, 
noncompressi b l e, eas i l y  excavated, and capab le  of support i ng sma I I  to moderate-sized structures . Soi I s  
are c lay looms, si l ty loams, and s i l ty c l ays; i ron-ceme nted pans are not present . Potent ia l  for l iquefact ion 
dur ing earthquakes or caving i n  excavat ions is  sma l l . Depth to bedrock i s  variab l e  and common ly  shal l ow, 
and shou ld  be considered in eva luat ing a l l  deve lopme nts i nvolv i ng excavat ions . Dur ing the wet months, 
sha l l ow ground water accumu lates at the base of the un i t  a nd promotes s l i di ng of terrace  mater ia l s  off 
head lands . 



Figure 9. The middle marine terrace rises from near sea level in the Port Orford area to 200 feet in the Cape Blanco area (left back­
ground). Upper marine terrace deposits cap The Heads (foreground). (Oregon Highway Division Photo) 
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Q uaternary h ig her  marine terrace depos its (Qmth) 

Geo logy : The Quaternary h igher mar i ne terrace deposits cap f lat r idges greater than 1 , 000 feet 
above sea leve l and are located i n  the up lands of northern C urry County a nd north of Brooki ngs . D i st i nc­
tion from the upper marine te rrace depos its is somewhat arbi trary i n  p laces and depends pri mar i l y  on the 
degree of d i ssection, e levat ion, and the identity of adjacent terraces . In the northern part of the County 
the unit i s  roug h ly equ iva lent to t he h igher terraces of Griggs ( 1 945) . 

T he Q uaternary higher marine terrace depos i ts consist of sand and si l t  wi th  loca l  basa l grave l s  and 
g rave l ly lenses . Exposures east of Port Orford may i nc l ude a present ly unrecogn ized P l iocene unit . An 
ear ly  P le i stocene age is  ge nera l ly i nterpreted (Janda, 1 969) . 

E ng i neer i ng character i st ics :  T he unit  has moderate foundat ion strength , is excavated with  ease or 
on ly  moderate d i ffic u l ty, and is noncompress ib le .  Soi l s  are c lay -ri ch  and are f iner gra i ned and less per­
meable than the unde r ly i ng pare nt mater ia l .  Pote nt i a l  for caving and l iquefaction is m i nima l . Where 
depos i fs are t h i n, the under ly ing bedrock may be deeply weathered and may not d isp lay its typi ca l  eng i ­
neering properties (see Bedrock Geo log i c  Units) . I n  such areas, the nature o f  the under lying bedrock 
shou ld be considered in eva luat ing a l l  deve lopments wh ich  i nvolve excavat ions.  Land-use pote nt ia l s  
i nc l ude resident i a l  deve lopment and poss ib le  domest i c  supp l ies  of  ground wate r .  

S o  i I s  

Ge nera l 

Unconso l i dated m i nera l mate ri a l  at the Earth 's surface formed i n  p lace by weather ing is termed soi l .  
T his  defi n it ion is  l ess restr ict ive than that employed by many agronomists, who l im i t  so i l  to mater ia l capab le 
of support i ng p lant growth .  It i s  more restr i ct ive than the concept of soi l used by soi l e ng i neers, because 
it does  not i n c l ude surfic i a l  geo log ic units . It is consistent with most of the methods of samp l ing ( l im ited 
to the upper 5 or 6 feet) employed by the U .  S .  So i l  Conservation Serv i ce, and i t  emphasizes the un ique 
c haracter ist ic s  of the weathered zone . 

Weather ing processes of the Earth ' s  surface i nc l ude chemica l breakdown of m i nera l s, c hem ica l  re­
constitut ion to form new m i nera l s  (c lays), phys i ca l  d i s i ntegration, and leach i ng .  D ur ing the in i t ia l  stages 
of soi l deve lopment the composit ion of the pare nt mater ia l  i s  a dom inant factor in determ in i ng so i l  type . 
C l imate determi nes the k i nds and rates of chemica l  react ions and a l so the nature and d istribution of vege­
tative cover . S l ope i ntensity i nfl uences dra inage and mass movement, and s lope orie ntat ion part ly determines 
the ba lance of soi l -formi ng processes wi th in  a g iven area . As t ime i ncreases, c l i mate becomes i ncreas i ng ly 
more important i n  determi ng soi l  deve lopme nt . 

Hori zons of d iffering compos i tion  and texture are deve loped w i th in  a mature soi l  because physica l and 
c hemica l  condit ions vary with  depth .  T he s urface horizon (A horizon) is the zone of most i ntense organ ic  
activ ity, leach i ng, a nd downward perco lation of  fines . Common ly i ron, carbonates, and c l ay are removed 
to be deposi ted in the next lower, or B, horizo n .  Th i s  zone is characterized by re lative ly h igh conce ntra­
t ions of si I icated c lay m i nera I s, i ron, or other materia I s .  At greater depths the under ly ing C horizon cons ists 
of part ia l ly weathered and decomposed bedroc k .  Variations in t he ba lance of the five soi l -form i ng factors 
(parent rock, c I imate, topography, vegetation, and t ime) produce the many variat ions in soi I type observed 
in C urry County . 

Systems of soi I s  c lassifi cation 

The Nationa l Cooperat ive Soi l s  Survey of the U .  S .  Department of Agr i cu l ture adopted the Seve nth 
Approx imation Systems of So i l s C lass i fication in 1 965 . I n  it so i l s  of the nat ion are g rouped i nto order (based 
on reg iona I c I imate), s uborder (based on physica l setting), group (uniformi ty and types of horizons), subgroup 
( nature of gradat ions between horizons), fam i l ies (broad textura l and composi t iona l features re lated to p lant 
growth potent i a l ), series (parent materia l and genetic hori zons), and type (based on surface texture). At the 
top of the sc heme, soi l s of coastal Oregon are ca l led Ut i so ls  because of the moist, temperate c l imate . 
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At the bottom of the scheme , loca l soi ls are named accordi ng to soi l  profi les and textures . For 
i nstance , B lack lock fine ,  sandy looms are characterized by a dist i nct soi l  profi le and by fi ne , sandy loam 
at the surface . Fi e ld recognition of soi l textures is summarized in Appendix A .  

Al l soi l s  mappi ng is conducted usi ng the system of c lassification adopted by the U .  S .  Department 
of Agricul ture . Two other major systems of c lassification inc l ude the Unified Soi l s  C lassification (Appen­
dix B) used by the U .  S .  Army Corps of Eng ineers and the U .  S .  Bureau of Rec lamat ion and the AASHO 
(American Association of State H ighway Offic ia ls) System (Appendix C) used in  h ighway construct ion. 
Comparison of the part ic le-size boundaries recognized by the three systems is g iven in  Appendix D .  

The U .  S .  Department of Agricu l ture system of so i l s c lass ification i s  based primari ly on grain-size 
d istribution and le nds i tse lf  we l l  to regiona l mapping . The Unified System is more r igorous and p laces 
emphasis on the engineer ing properties of the soi l ,  i nc l udi ng p last ic ity i ndex (a measure of the water 
content at which the soi l be haves as a p last ic) , l iquid l imit  (a measure of the water content at which the 
soi I be haves as a I iquid), and organic content . The AASHO System is used to c lass ify soi Is accord ing to 
those propert ies that affect use in highway construct ion and ma intenance . 

Distribution 

T he so i ls of Curry County are genera l ly young and are strong ly inf luenced by landform and parent 
mater ia l .  Litt le pub l i shed on-site data are avai lab le . Tab le  5,showing the genera l ized engi neering prop­
erties,was derived by matching soi l un its of the U .  S .  Department of Agr icu lture System with equivalent 
soi l c lasses and their  propert ies in the Unified System . Approximat ions given on the tab le are consistent 
with observat ions obtained in the fie l d .  

The soi ls data o f  this sect ion appl ies only t o  the soi l s  and not to the under lying geologic units ,  which 
may be present at sha l low depths. Thus , foundation rat ings do not app ly to bedrock . Weari ng strength 
app l ies strictly to the suitabi l ity of so i ls for road surfaces and does not consider roads cut to bedrock or 
use of soi l  materia l for road base . Internal dra inage refers to i nfi l tration and does not consider runoff. 
The Ca l i forn ia Bearing Ratio is on a sca le of 1 00 with the highest figure equivalent to a standard of high­
qual ity crushed stone . 

The soi ls of Curry County are genera l ly fi ne grai ned . Upland soi l s exhibit wide variations of thick­
ness and texture over short d istances as a function of topography and parent materia l .  Bedrock of the up­
lands is typica l ly hard and weathers very s low ly to form c lay-rich textures, especia l ly in the B horizon . 
Terrace so i l s  over l ie unconso l idated to semiconso l idated surfic ia l  geologic units and genera l ly consist of 
finer-textured soi l s which grade downward into coarse-grai ned , we l l -drai ned parent mater ial . Low land 
soi l s  are hig h ly variable both vert ica l ly and latera l ly, and reflect varied ages and environments of deposi ­
t ion .  Many o f  the low land soi l s  are not true soi l s  because they are depositiona l units rather than zoned 
products of weathering . 

Upland soi ls: Soi l s  of the up lands consist primari ly of si lty and c lay looms on gent le to moderate 
s lopes, and looms and grave l ly looms on steep s lopes . Typica l ly the soi l s are character ized by c lay-rich 
B horizons and coarser C horizons which are gradational with the bedrock . The most strik ing aspect of the 
upland soi ls is the extreme variabi l ity of texture, thickness, and engineer i ng properties over short d istances 
both latera l ly and vert ica l l y .  Ma jor factors are the extreme variabi l ities of parent materi a l ,  s lope , mass 
movement , and erosion . Genera l ly the soi ls have low to moderate corrosivity, variable l iquid l imi t ,  
variable p last ic l im it, and variable organic content . The soi l s  are leached and moderate ly acidic , espe­
cia f ly under con ifer cover .  

So i  Is over basa I t  are th in  and c lay-rich .  Those over serpentine are rubb ly, thin ,  and common ly i ron­
and c lay-r ic h .  So i ls over sedimentary rock are of variable th ickness dependi ng on the s lope , degree of 
shearing, and the degree of conso l idation of the parent materia l .  Soi l s  on long moderate s lopes of the 
Dothan Formation are ge nera l ly th ick . Soi l s  over rocks of the Colebrooke Schist are genera l ly c lay- r ich 
and rubb ly at dept h .  So i l s over d iorite are s i l t ier and sandier than soi l s  over other less  quartz-rich parent 
materia l s .  

Eng i neeri ng properties of the up land soi l s  are summarized in Tab le 5.  T he up lands are used for t imber 
production , water production , recreat ion, w i l d l i fe, and open space . In future years increas ing demands 
wi l l  be p laced upon the uplands for homesite deve lopment . The ava i lable soi l s  mapping ( Buzzard and 



Tab l e  5 .  Genera l i zed engi neer i ng properties of soi ls i n  Curry County , Oregon* 

Textura l c l  ------ E � f 
Landform U . S . D .A .  Uni fied · AASH O  Foundation Wear i ng Shr i nk-swe l l I n ter . dra i nage 

S i l t loam SM ,  ML A -4 Fa ir to poor Poor Low to med . Fair to poor 
S i l ty c lay loam M L-C L A-6 , 7  Fair to poor Poor Medium Fa i r  to  very poor 
C lay,  s i l ty c lay MH A-4,6 , 7  Poor Poor H igh  Fa i r  to  poor , very 

Up lands poor 
Grave l ly loom SM-SC A-4 Exce l lent to V ery Low Fair  to poor 

good good 
Sandy c lay ML-C L A-4 Fair to poor Poor Medium Fair  to  very poor 
Loam M L  A-4 Fair  to poor Poor Medium Fair  to poor 
S i l ty c lay loam ML-C L  A-4 Fair  to poor Poor Low to med . Fair  to very poor 

Terrace S i l ty c lay CH A-6 , 7  V ery poor V. poor Medium V ery poor 
Sandy loam SM A-2 , 4  Poor to good Good Low Medium to good 
Loamy sand SM A-2 , 4  Poor to good Good Very low Good to h igh  
Sand S p-SM A-2 , 3  Fair  to good Poor Low Exce l lent to good 
Sandy loam SM A-4 Poor to fa i r  Good- Low Good to medium 

Low lands poor 
S i l t foam M L  A-6 Fair to poor Poor Medium Fair  to poor 
S i l ty c lay loam M L  A-4 Fair  to poor Poor Medium Fair  to poor 
S i lty c lay C L  A-7, 6 -----·-

Fair  to poor Poor Medium V ery poor 
*Adapted from U . S .  Soi I Conservation Service  Soi Is S heets 
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Bow lsby , 1 970) does not adequate ly represent the extreme var iabi l ity of the soi l s of the up lands,  and 
i ncreasing demands on the staff of the Sanitarians Office can be ant icipated . 

Use of upland soi l s  is restricted by moderate to severe erosion potent ia l , vari ab le  mass movement 
potent ia l ,  and sha l low depths to bedrock over large areas.  Logging requires carefu l management , and 
i ntense deve lopment or cu l t ivat ion genera l ly are not poss ib l e .  Potentia l use for septic tanks is l im ited 
by high c lay content,  steep s lopes,  and sha l low depths to bedrock over large areas . 

Terrace so i I s :  Soi  I s  of the terraces consist primari ly of sandy and s i l ty c l ay looms and s i l ty c lay s .  
Genera l ly the so i l s  are coarser gra ined w it h  depth; nearer the poor ly  cemented , coarser grai ned parent 
materia l ,  eng i neering properties vary accord ing ly . Owi ng to the uniformity of topography and parent 
materia l over re lat ive ly large areas , the so i l s  of the terraces do not d isp lay the extreme variabi l ity over 
short hor izonta l distances noted on the up land soi l s .  

Soi l s  of the Quaternary lower mar ine terrace deposits are genera l ly poor ly deve loped and conta i n  
horizons rich i n  organic materi a l .  Soi ls o f  the Qu a ternary midd le mar ine terrace unit are moderate ly 
deve loped and conta in  i ron pans of l ow to very low permeab i l ity at sha l low to moderate depths .  Soi l s  of 
the Quaternary upper mar ine terrace deposits genera l ly do not contain pans owi ng to the greater s lopes ,  
greater stream d issection, and better dra inage . So i ls of  the Quaternary higher mar i ne terrace deposits 
are characterized by a c l ay-rich B horizon and by crumb ly pe bbles.  A l l terrace soi l s  are genera l ly mod­
erate ly corros ive , acidic , and of var iab le  I iqu id and p last ic I im i t .  

T he gent le  s lopes of  the terraces are we l l -su ited to  a wide variety of  uses i nc l uding t imber,  pasture , 
recreat ion,  w i l d l i fe ,  homesites, and urban deve lopment . Cranberries are grown loca l ly where drai nage 
is poor , and l i ly bu l bs are grown on the Harbor Bench where drainage is  good . Confl icts of land use w i l l  
esca late i n  the future . A primary concern w i l l be the protect ion of the ground-water resource from con­
tamination by sept ic tanks . Other restr ictions i nc l ude coasta l  retreat,  pond ing in areas of low permeabi l i ty, 
and cav ing i n  deep excavat ions . 

Low land soi l s :  On the lowlands, ongoi ng deposit ion produces a variety of surfic ia l  geologic un its 
i nc lud ing beach sand , marsh , stab le  and unstab le dune sand , and Quaternary a l l uv i um .  T hese units are 
d iscussed in greater deta i l  under Surfi c ia l  Geo log ic  Units.  Weatheri ng is m in ima l ,  and so i ls are best 
deve loped where deposi t iona l and erosional processes are the least active . F l ood-p la in  deposits , for 
examp le ,  commonly have m inor leach ing of the A horizon and conta i n  c lay-rich B hor izons . So i ls of the 
stab le dunes genera l ly cons i st of on ly a few inches of sandy loam in  the root zone . Soi l s  are not deve loped 
on beach or channe l deposits.  

The true soi l s  of the low lands and the depos it iona l units common ly are treated as soi l s  by the soi ls 
scient i st .  Because weathering,  env i ronment o f  deposit ion , and organic conte nt vary great ly ,  the corrosivity , 
l iqu id l im i t ,  ·p last ic  l im i t ,  and eng ineering propert ies (Tab le 5) of the low land soi ls and surfic ia l  geo log ic  
units are high ly variab le . Major l ow land uses inc l ude sand and grave l production a long streams , w i ld l i fe 
habitat , pasture land, and ground-water product ion .  F lood ing and h igh water tab le severe ly restrict more 
i nte nsive use in most areas, especi a l ly i n  t he lower reaches of streams .  
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TECTON IC SETT ING 

G e n e r a l 

B edrock deformation i n  C urry County is extreme ly comp lex . It i s  briefly reviewed here to provide 
the geo logist with t he i nformation necessary to ass ist the p lanner i n  1 )  de l i neat i ng the d istribution of rock 
u nits as t hey re late to the eng ineering c haracteri st ics of the ground , 2) i nterpret i ng the mechanisms of 
minera l ization as t hey re late to minera l potent ia l , and 3) ident ify ing poss ib le  act ive fau l ts as they re late 
to earthquake pote nt ia l .  Major structures are shown i n  Figure 1 0  and on the geo log ic  maps . 

R e g i o n a l O n s h o r e  S t r u c t u r e  

I nsights prov ided by p late tectonic t heory (see Regiona l Offshore Structure) a l low the identi fi cation 
of s ix major episodes of deformation in C urry County . These are :  1 )  subduction of the Rogue and Ga l ice 
rocks beneath the North American conti nent in Jurassic t imes , 2) shear i ng of the Otter Point Formation 
in Late J urassic t imes,  3) thrust i ng of the Rogue-Gal ice thrust sheet over the Otter Point and Dothan 
Formations in media l  Cretaceous t imes , 4) t hrusti ng of the Colebrooke Schist i nto the area at a s l ight ly 
younger date a l so i n  med ia l  Cretaceous t imes,  5) b lock fau l t i ng i n  ear ly Cenozoic  t imes ,  and 6) extensive 
shearing a long prominent shear zones i n  late Cenozoic  t imes .  

Rogue-Ga l ice subduction 

T he fi ne-grai ned sediments of the Ga l ice Formation and the basa l t s  and andesites of the Rogue For­
mation (not exposed in study area) may represent part of the deep sea f loor of the Pacif ic Ocean subducted 
or t hrust beneath o lder rocks of the K lamath Mounta ins in J urassic t ime . The two units were later i nvo lved 
i n  a thrust sheet that brought t hem westward above younger format ions, as d isc ussed be low . 

Otter Point and Dothan deformation 

Otter Point and Dothan rocks compose the lowermost structura l unit  of the study area and are exposed 
north of the Sixes R iver in northern C urry County , in southern Curry County a l ong the coast, and in the 
Chetco River dra inage . The format ions are approximate ly equivalent to the Franciscan Assembl age of 
Ca l i fornia . The un its represent cont i nenta l she lf  depos its (Dothan Formation) and i s land arc deposits (Otter 
Point Format ion) , t hat were laid down in Late J urassi c  t imes . 

A prominent shear zone (Dot t ,  1 97 1 ;  Hunter and others , 1 970; and Koc h ,  1 966) consist ing of sheared 
bedrock and serpenti n i te separates t he Dothan Format ion from the Otter Point Format ion in the Cape Ferre lo­
Carpentervi l le area . T he shear zone , here named the Carpentervi l le Shear Zone , and the reg iona l pervasive 
shear ing of the Otter Point Formation are poor ly understood . They may have formed in Late J urass ic  t imes 
during possib l e  t hrust i ng of t he Otter Poi nt Format ion eastward beneath the Dothan Format ion or other un i ts .  
A l ternative ly , they may have formed i n  mid-Cretaceous times dur i ng thrust ing of the Rogue -Ga l ice thrust 
sheet (see be low) . T he shear zone and re lated fau l ts are no longer act ive . The nature of the shear zone 
to the north beneath the Co lebroake thrust sheet is unc lear. 

Rogue-Ga l ice thrust sheet 
' 

The Rogue-Ga l i ce thrust sheet over l ies  the Dothan and Otter Point Format ions a long a reg iona l 
t hrust fau l t  characterized by serpe nti n i te i ntrusions and shear ing ,  and a l so loca l pods of phy l lon ite (h igh ly  
sheared rock) in  the upper Chetco drai nage (Ramp , 1 975) .  The t hrust fau l t  i s  coextensive with the Great 
Va l ley Fau l t  in Ca l ifornia for wh ich a m id-Cretaceous age has been i nterpreted (Hotz , 1 969) . Al though 
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F igure 1 0 .  Major geolog ic  struc tures of Curry 
County area i n  southwestern Oregon . 
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t he  thrust fau lt i n  Oregon may be an  extension of t he Great Va l ley Fau l t ,  patterns of metamorph i sm around 
the zone in Oregon d i ffer from those in C a l i fornia ( Loney and H imme l berg , 1 976) . 

Rocks i n  the Pearse Peak area probably were thrust fau l ted i nto the area as part of the Rogue-Ga l ice 
thrust sheet . Age of t hrusting is  unc lear but probab ly extended i nto or was restricted to t he m idd le  Cre­
taceous . The Ga l ice Formation and Pearse Peak D iorite , wh ich  i ntrudes i t ,  are structura l ly out of p lace, 
be i ng located far to the west of a l l other Nevadan i ntrusions in  the K lamath Mounta i ns .  The Ear ly Cre­
taceous strata (H umbug Mounta in  and Rocky Poi nt Format ions) i n  th i s  area are deposit iona l upon the Gal ice 
Format ion and Pearse Peak D iorite and are part of the thrust s heet . T hey set a l ower I imi t  for the age of 
t hrust i ng .  

The base of  t he  thrust sheet i n  the Pearse Peak area i s  be l i eved to  be  a thrust fau l t  above the Dothan 
and Otter Poi nt Format ions , The northern boundary of the structura l unit in the S ixes R iver area is  a prom­
i ne nt east-trend ing str ike -s l ip fau l t  wh ich  appears to be co l inear wi th  other str ike-s l ip fau l ts extend ing 
eastward i nto the Canyonvi l l e area (F igure 1 0) .  Possib ly  the fau l ts represent mid-Cretaceous , large-sca l e  
fau l t ing a l ong the edge o f  a reg ional  t hrust p late , Deposits o f  F lournoy Format ion (midd le  Eocene) over­
lying the fau l t  in the Sixes R iver drai nage are not displaced by the fau l t ,  i nd i cat ing that fau l t i ng ceased 
prior to the middle Eocene . 

I n land, i n the Agness area ,  Late J urassi c and Early Cretaceous strata form north-south trend ing fo lds i n  
large exposures of serpenti n i te . The beds conta in  no serpent in i te pebb les and apparent ly are i n  fau I t  contact 
w i th the serpenti n i te .  A lso, the conti nenta l environment of  deposit ion i ndi cated by the composit ion of the beds 
is i nconsistentwi th a sea f loor of serpenti n i te . For these reasons ,  thrust i ng of the Late J urass ic and Ear ly Cre­
taceous beds over the serpenti n i te i s  i n terpreted (see cross-section , Agness quadrang le) . 

Because these strata i n  the Agness area are surrounded a l most ent i re ly by serpent i n i te ,  thei r  structura l 
re lationsh ips w i th ne ighbori ng thrust sheets are unc lear . I n  th i s  study , large-sca le vertica l fau l ti ng i s  
hypothesized i n  the serpenti n i te , further comp l i cat ing regiona I structure I i nterpretat ions . The strata may 
be structura l ly re lated to the Rogue-Ga l i ce thrust shee t ,  the Co lebrooke thrust sheet,  or to loca l ized 
period; of thrusti ng that have not yet been identified . 

Co lebrooke Sch i st t hrust sheet 

T he Colebrooke Sch ist forms a l arge thrust sheet ,  wh ich  over l ies t he Otter Po int -Dothan structura l 
unit  and the Rogue -Ga l i ce thrust sheet i n  centra l Curry County , and a sma l ler  t hrust s heet ,  wh ich  over l ies 
Otter Point Format ion in  northern Curry County . The lower contact of the northern thrust sheet is  near ly  
horizonta l and  that of  t he  southern thrust sheet ranges from near ly hor izonta l to steep ly d ipp ing . I n  p laces ,  
serpent i n ite separates the Cole brooke Schist from under ly ing un i t s ,  

Evidence for the  age  and d irect ion of  thrust i ng of  t he Co lebrooke Sch ist is ambiguous . The thrust i ng 
c lear ly postdates that of t he Rogue -Ga l i ce thrust sheet , wh ich it over l ies . It predates the Looki ngg lass 
Format ion (midd l e  Eocene),  which is known to conta i n  part i c le s  eroded from the Colebrooke Sch i st i n  
Bou lder Creek to  the  east (Ba ldw i n ,  1 975) ,  A late med ia l  C retaceous age of t hrust i ng i s  genera l ly i nter­
preted . Ba ldwin  and Lent ( 1 972) and Brownfi e l d  ( 1 972) ,  however , present l oca l evidence for thrust i ng as 
l ate as Eocene in the Lang lo i s  quadrang l e . 

Co leman ( 1 972) infers that the Colebrooke Sch ist was thrust i n  from the west on the bas is of petro­
log i c  data , and Dott ( 1 97 1 )  i nterprets thrust i ng of the uni t  in from the east on the basis of loca l map 
evidence . An easter ly  source is  more cons istent with reg iona l  thrust i ng patterns summarized by Irw in  ( 1 964) . 
Baldwin and Lent ( 1 972) and Brownfie ld ( 1 972) show that i n  the F l oras Creek drai nage the Colebrooke Sch ist 
i s  a l so thrust northward over Late Cretaceous strata and steep ly  d ipp ing Eocene beds . Un l ike ear l ie r  thrust­
i ng of t he Colebrooke Sch ist , t h is poss ib l e  episode of Eocene thrust i ng of the northern thrust sheet apparent ly 
left no interna l fo ld ing on the rocks of the Co lebrooke Schist . 

T he or ig in  of the Col ebrooke Schist is somewhat of an e n igma . Geochemica l evidence suggests t hat 
the Ga l i ce Format ion is a more l i ke ly  proto l ith than e it her the Dothan or the Otter Point Format ions 
(Co l eman , 1 972) . A l ternat ive ly ,  the proto l ith may have been a post-Ga l i ce (post-Nevadan) unit not 
yet ident ified i n  Oregon . For examp le ,  the Stuart Fork Mountai n  Sch ist of C a l i fornia is of favorab le  l i th­
o logy ( Irwi n ,  1 966) and favorab le age (Suppe , 1 969) . A Franc iscan (equiva l ent to Otter Point  and Dothan 
Format ions) proto l i th is  i nterpreted for this part icu lar unit , (B iake , M . C . ,  and others, 1 967) , however; such 
a proto l ith i s  i nconsistent with structures prese nt ly interpreted for the Co lebrooke Schist . 
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B lock fau l t i ng of early Cenozoic  age 

North-south trendi ng b lock fau l ts cutting Mesozo ic and ear ly Tertiary strata were active i n  the 
early Tertiary . The Coqu i l le River Fau l t  d isplaces strata of the m idd le Eocene Looki ngg lass Format ion i n  
the Agness area and extends northward t o  the v ic i nity o f  Powers . The Mounta in  We l l  Fau lt  d isp laces the 
Colebrooke Sch ist and Ear ly Cretaceous strata east of Pearse Peak but is  over la in  by rocks of the F lournoy 
Formation i n  the S ixes R iver area . A pre-midd le-Eocene age is  i ndicated for t hat fau l t .  

Outside the study area north-trending vert ica l  fau lts do not truncate F lournoy strata (Ba ldw i n ,  1 975) . 
Southeast of Bone Mounta i n ,  however ,  an east-trendi ng verti ca I fau It cuts the F lournoy Formation (Ba ldw in ,  
1 975) . The  fau lt  i s  co l i near w i t h  reg iona l fau lts o f  Mesozoic  age and may represent early Cenozoic adjust­
ments a long an  older zone of weakness i n  t he Eal'th ' s  crust . The zone of weakness probably represe nts strike­
s l ip fau l t i ng on a regiona l sca le (see Rogue-Gal ice thrust sheer, above) . 

Shear zones of late Cenozoi c age 

North-northwest shear zones and fau l ts cut bedrock of Mesozoic  throug h P l iocene age and were 
active in late Cenozoic  t imes .  C i rcumstant ia l  evidence onshore (be low) and offshore (see Regiona l Off­
shore Structure) suggests that the shear zones may sti I I  be active, a l though avai I ab le records i nd icate no 
defi n i te se ismicity in h istor ic  t imes (see Earthquakes) . The Port Orford Shear Zone is 1 to 2 mi les wide 
(F igure 1 1 ) and was fi rst noted by Koch ( 1 966) and Dott ( 1 97 1 ) .  I t  extends from Cape B lanco on the north ,  
where i t  cuts P l iocene strata (F igure 1 2) ,  through Port Orford, and south through the  Humbug Mountain area 
i nto the i nterior where it is lost in poorly accessib le terrai n under la in  by the Colebrooke Sch ist . South of 
Gold Beach an addit iona l set of north-northwest trending fau l ts bounds Late C retaceous strata and apparently 
terminates agai nst the Carpe ntervi l le Shear Zone . It may a lso be Tertiary in age , 

An upper age l imit  of shearing and fau lt i ng of P l iocene age or younger is estab l ished by the fau l t ing 
· of P l iocene beds at Cape B lanco . A lower l im i t  of mid-Tertiary is  suggested by major changes in sea floor 

spreading patterns i n  the midd le  Miocene (Atwater ,  1 970; Beau l ieu ,  1 972) . The shear zone conforms geo­
metrica l ly with ongoi ng deformation off t he coast of Ca l i forn ia,  Wash ington, and Oregon . 

Active fau lt i ng of P le istocene terraces is i nterpreted by Janda (written communication, 1 975) ,  but 
was not conc lusive ly demonstrated i n  th is  study . Thi ck , loca l i zed deposits of P le istocene and P l iocene 
age immediate ly east of t he Port Orford Shear Zone (see Surfic ia l  Geo log i c  Units - Quaternary upper and 
h igher marine terrace deposits) i n  the Port Orford area i ndicate poss ib le  P le i stocene offsets . Terrace deposits 
on e ither s ide of the Port Orford Shear Zone at Cape B lanco , however , are essent ia l ly of the same e l evation . 

Apparent offsets of terrace materia l  agai nst pre-Tert iary bedrock i n  h ighway cuts near Whalehead 
Creek are tentat ive ly i nterpreted as deposi t iona l features (buttress unconformit ies) rather than fau lts . The 
terrace material  was deposited around sea stacks of pre-Tert iary rock in P le i stocene t imes . N umerous 
bou lders set in the terrace materia l near t he pre-Tertiary rocks in the exposures are cons istent with depo­
sit ion near sea stacks.  In addi t ion ,  the terrace depos its disp lay no shearing , and shearing i n  t he pre­
Tertiary bedrock is probab ly of pre-Tertiary age . 

To the north i n  Coos County , poss ib le  fau l t i ng of terrace materia ls  (Janda , written communication, 
1 975) occurs a long a northwest-trend ing l i near near South S lough (Beau l ieu  and Hughes,  1 975) . The 
s ignif icance of this feature is unc lear and warrants further study . 

R e g i o n a l O f f s h o r e  S t r u c t u r e 

Accord ing to p late tectonic t heory , the crust and upper mant le of the Earth are subdivided i nto a 
ser ies of semi -independent s l abs or plates, each of wh ich  is movi ng latera l ly i n  response to deep-seated 
activ ity in the earth . Boundar ies between the p lates are sites of 1 )  sea-floor r ises in areas of divergence , 
2) trenches i n  areas of converge nce , and 3) transform or transcurrent ( large sca le str ike-s l ip) fau l ts i n  
zones of  para l ie I movement . 

I n  the northeastern Pac ific Basi n ,  a re lat ive ly comp lex border zone has deve loped betwee n the 
Pac if ic P late (floor of the Pac i fi c  Ocean) and the North American P late (North American cont inent,  
Green land , and the Arct ic) . As the Pac i fi c  P late moves nort h re lat ive to the Nort h American P late , a 
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Figure 1 1. Regional shearing of Jurassic and Cretaceous rocks in the 
Port Orford Shear Zone has resulted in extensive londsliding . 
Note the irregular topography and numerous heodscorps. (Oregon 
Highway Division Photo) 

Figure 12.  Pliocene rocks (white) ore cut by o fault at Cope Blanco. 
Truncation of overlying Pleistocene terrace deposits (gray) cannot 
be demonstrated with certainty. (Oregon Highway Division Photo) 
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r ight  latera l componen t  of movement is exper ienced a long the various fau lts and rises wh ich  separate the 
two plate s .  Off the coast of Oregon these i nc l ude the Gorda R idge and t he B lanco Fracture Zone (F igure 
1 3) .  To the south , the Mendoc ino Fracture Zone is the most act ive structure in t he so-co l i ed Gorda Basin 
area . 

Major structures  of the Gorda Bas in  are the locus of considerab le  tectonism . H igh  heat f low is re ­
ported a long the r ises (De h l inger,  1 969) . Greatest se ism ic act ivity is concentrated a long the transform 
fau l ts, and most epicenters are fai r ly sha l low (Northrop and others , 1 968) . R ight- latera l fau l t  p l ane 
so l utions character ize both the B l anco and Me ndoc ino Fracture Zones (Tob in  and Sykes , 1 968), and rates 
of disp lacement are severa l centimeters per year (Atwater ,  1 970) . Se ismic data a l so indica te a ser ies  of 
left-latera l epicenters (S i lver,  1 971 a )  radiat ing northwestward i nto the Gorda P late from the juncture of 
the San A ndreas Fau l t  and the Mendoci no Fracture Zone (F igure 1 3) .  

T he most i ntense earthquakes on record for the study area origi nated on the Mendoc ino Escarpment 
with in  200 mi les of the coast of Ca l i forn ia (see Eart hquake Potent ia l ) . A l t hough th is observation is con­
sistent wi th  the genera l tecton ic  mode l of the reg ion , more data are needed for a comp lete assessment of 
the potent ia l  se ism i c  activity , and i nvestigations cont i nue . Si lver ( 1 97 1 b) recent ly defined a large subsea 
fau l t  off the coast of Oregon w i th a d isp lacement of 70 k i lometers . He i nterprets cessation of activity 
a long the fau l t  approximate ly 500, 000 years ago. 

S i lver ( 1 97 1 a) describes t he structure of the Gorda Basi n (the region bounded by the conti nenta l  she lf ,  
t he Gorda R idge , the Mendoci no Fracture Zone,and the extension of the B lanco Fracture Zone ) and con­
c l udes that northeast trendi ng l e ft- latera l fau l ts are present ly act ive in the center of the bas i n .  Disti.x bance 
of bottom sediments decreases eastward towards the cont i ne nta I s lope . 

Us i ng geomagnet ic  and grav ity data , sed iment distri but ion patterns, and other information Si lver 
( 1 97 1 c )  concl udes that the Gorda Bas in  (F igure 1 3) is s low ly be ing thrust beneath northern Ca l i forn ia . 
He ident ifies northwest trend ing fau l ts cutt ing Mesozoic strata on the coast and inner  s he l f, and nort h­
west trending fau l ts cutt i ng Ce nozoic rocks on the cont i nental s lope . Recent earthq uake data in the s lope 
area i ndicates active stri ke-s l ip movement on fau lts a long the cont inenta l s lope . 

The structura l sett i ng and orientat ion of t he Port Orford Shear Zone i n  coasta l Curry County is s imi lar 
to those of the act ive fau l ts off the coast of northern Ca l i fornia described by S i lver  ( 1 97 1 c) .  T h is suggests 
that the Port Orford Shear Zone may sti l l  be active eve n  though there as yet is no conc l usive geologic 
seismic evidence for ongoing act ivity (see Earthquakes) . A l ternative l y ,  C urry County l ies north of the 
extension of the B lanco Fracture Zone , and a l l of the epicenters described by Si l ve r  l ie south of the ex­
tension of the B lanco Fracture Zone . 

Litt le i nformation i s  avai lab l e  regard ing the offshore geo logy of C urry County . K u lm  ( 1 967) i nter­
prets gent ly fo l ded strata unconformab le  over crysta l l i ne basement on the midd le and outer she l f  offshore 
from Humbug Mounta i n ,  and a fo lded and fau l ted sync l i nal basi n  off the coast of the Rogue Rive r .  Nearer 
shore , Hunter and others ( 1 970) i nterpret fau I ts between  the Otter Point Formation and Ear ly  Cretaceous 
rocks on the basi s  of sea stack geology (see Geologic Maps) . 

E a r t h q u a k e s  

Genera l 

T he shaki ng of the Eart h ' s surface which accompanies the re lease of e nergy at depth is ca l led an 
earthquake .  Assoc iated with  the re lease are d isp lacements a long p lanar surfaces ca l led fau l ts .  T he 
spec ific locations of the d isp lacement with in  t he Eart h is ca l led  the focus and the geograph ic locat ion 
above the focus on the Earth ' s  surface is co l i ed the epicenter .  T he crusta I structure and tectonic behavior 
of t he northwestern United States is very comp lex and the h istori c record is short . K now ledge of future 
tectonic act ivity a nd earthquake potent i a l  i s  i ncomp lete . 

I ntensity and magni tude are measures of the energy re leased by an  earthquake . On the Mod i fied 
Merca l l i I nte nsity Sca l e ,  observat ions of the e ffects of the quake on the Eart h ' s  surface serve as i nd icators 
of its re lat ive sever i ty . Determinations made i n  th is way are subject to i naccuracies owi ng to the d istance 
from the epi cente r ,  the nat ure of the subsurface where the observat ions are be i ng made , and the subjectiv ity 
of the viewe r .  The Merca l l i  sca l e  te nds to be imprecise for these reasons . It is wide ly used ,  however , 
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owing to its u niversa l app l icabi l ity and no need for equipment . A l so, the gathering of numerous observa­
tions a l lows the identi fication and e l iminat ion of i ncons istent and inaccurate data . 

The Richter sca le  is based on recordi ngs from se ismometers rooted i n  bedrock . It gives a more direct 
measure of energy re leased during an earthquake and is less subject to errors through loca l var iat ions of the 
subsurface . I nstead of i ndicat ing " intensity " w ith Roman numera l s  ( I  to X l l ), as used on the Merca l l i  sca l e ,  
the R ichter sca le  indicates " magnitude " with decima l numbers (Tab le 6) on  a logarithmic sca le . Each digi t  
represents a 1 0-fo l d  i ncrease i n  the amp I i tude of the seismic waves and an approximate 3 1 -fo ld  i ncrease 
in the amount of energy re leased . Thus , an earthquake of magnitude 5 . 0  is 31 t imes greater than an earth­
quake of  magni tude 4 .0 .  The sca le  ranges from less than 1 for sma l l  quakes to  s l ight ly less than 9 for the 
largest possib le quake . 

To convert observat ions on the Merca l l i  sca le  to mag nitudes on the R ichter sca l e ,  severa l equat ions 
are avai lab l e ,  i nc l ud i ng :  

M B = (2/3) 1 + 1 

m = 0 . 43 I + 2 .  9 

(G ute nberg and R i chter, 1 965) 

(Stacey , 1 969) 

M val ues are R ichter magni tudes and I va lues are the Merca l l i  intensit ies . The re lat ionsh ip defi ned by 
Stacey ( 1 969) is based on sha l low quakes and is part icu larly app l icab le to quakes origi nat i ng off the 
southern Oregon Coast , and was adopted for comp let i ng parts of Tab le  7 .  

Earthquake potent i a l  

Earthquake hazard is  determi ned by t he  location and magnitude o f  probab le  earthquakes , ground 
· response , and type of construction . An ana lys i s  of t hese factors for the study area is given be low .  

Poss ib le  locations and magnitudes: Geo log ic  mapping in C urry County i ndicates that a l l  fau lts i n  
Curry County w i th the possib le  except ion o f  the Port Orford Shear Zone are i nactive (see Regiona l On­
shore Structure ) .  Structures ana logous to the Port Orford Shear Zone off the coast of nort hern Ca l i fornia 
are act ive (see Offshore Bedrock Structure) . H i stor ic se ismic i ty of Curry County (Tab le 7, F igure 1 3) 
i nd icates that major tectonic activity affect ing the area occurs offshore . There have been no epicenters 
in the K lamath Mounta ins for over 20 years (Couch and Lowe l l ,  1 97 1 ) .  

Berg and Baker ( 1 963) l i st a n  ep icenter f or the Port Orford area for the 1 873 earthquake (Tab le  7) . 
Because the severity of the quake was far greater i n  the Crescent C i ty area (Tab le  7) , it is here i nferred 
that the epicenter was not in the Port Orford area . Couch and others ( 1 975) l ist a large quake on the 
Mendoci no Fracture Zone 5 minutes prior to the " Port Orford Earthquake . " S imi larly a sma l l  quake is  
l isted for Cape B Ianco in 1 896. Subsequent ly f ive moderate quakes have occurred off the coast of Curry 
County; poss ib ly the Cape B lanco quake was a loca l  observation of an offshore disturbance . 

A l though act ive fau l t i ng withi n Curry County cannot be conc l usively demonstrated or refuted on 
t he basis of present ly avai lab le geologic and seismic evidence , the balance of h istor ic informat ion i nfor­
mation seems to suggest that the Port Orford Shear Zone is no longer act ive . A l len ( 1 975) demonstrates , 
however, that a conservat ive approach must be taken in assess ing potentia l se ismic ity even i n  areas of 
good data . Thus , i n  C urry County where geologic evidence is ambiguous and h istoric data are l imited , 
t he poss ib i l i ty of future fau l t ing of undefi ned magnitude rema ins .  

Couch and Deacon ( 1 972) determi ned that the recurrence i nterva l of  an earthquake of magnitude 
8 .0  (i ntensity X I I) in t he southwest Oregon and northern Ca l i forn ia  coasta l and offshore area was approx­
imate ly 1 30 years . Q uakes as great as R ichter 7 .  3 have been recorded off the coast of northern Ca I i fornia 
a long the Mendocino Fracture Zone,and as great as 6 . 6  have been observed on land . Vibrat ions generated 
by quakes in this area have affected the southern Oregon (Tab le 7) coast . Large quakes from the Puget 
Sound area have not been fe It in the study area . 

Effect of d istance: As se ismic  waves are rad iated through the earth  from the poi nt of orig i n  (focus) 
they are attenuated (d imin ished with d istance) as a function of d ispersion, frict ion, depth , bedrock struc­
ture , and other factors . For areas of moderate to poss ib ly high earthquake hazard from externa l  sources , 
such as the study area , attenuat ion is a crit i ca l factor i n  determin ing the possib le  severity of future earthquakes . 



Merca l l i 
I n tensity 

I I  

I l l  

IV 

TEC TO N I C  S E TTI N G  - EARTHQ UAKES 

Tab l e  6 .  Sca l e  of  earthquake i ntensi t ies and magni tudes* 

Descri ption of effects 
Not fe l t  except by a very few under especia l ly favorab l e  circumstances . 

Fe l t  on ly by a few persons at rest , especia l ly on upper floors of bu i ldi ngs . 
De l i cate ly suspended objects may swing . 

Fe l t  qu i te noticeably i ndoors, especia l ly on upper floors of bui ldi ngs, but 
many peop l e  do not recognize as an earthquake . S tand i ng motor cars may 
rock s l ight ly .  Vibration l i ke passing of truck .  Duration esti mated . 

Duri ng the day fel t  i ndoors by many, outdoors by few . At n igh t  some awakened . 
Dishes,  wi ndows, doors di sturbed; wa l ls make cracking soun d .  Sensation l i ke 
heavy truck str iki ng bu i ldi ng; standi ng motor cars roc k noticeab l y .  

V Fe lt by near ly everyone; many awakened . Some dishes ,  w indows broken . A 
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Equ iv . 
Richter 
mag ni tude 

3 . 5 

to 

4 . 2  

4 . 3  

to 

few i nstances of cracked plaster;  unstab le  obj ects overturned . Some disturbance 4 .8 
of trees ,  po l es ,  and other ta l l  obj ects not iced . Pendu lum c locks may stop . 

VI Fe l t  by a l l ; many frightened and run outdoors . Some h eavy furn i ture moved; 4 . 9-5 . 4  
a few i nstances o f  fa l len p laster or damaged chimneys . Damage s l i ght . 

VI I Everyone runs outdoors . Damage neg l i gi b l e  i n  bu i ldings of good desi gn and 5 . 5-6 . 1  
construction , s l ight to moderate i n  we l l -bui l t  ordi nary structures, considerab le  
i n  poor ly bu i l t  or bad ly  designed structures; some chimneys broken . Noti ced 
by persons driving motor cars . 

VI I I  Damage sl i ght  i n  speci a l ly designed structures; consi derab l e  i n  ordi nary substan­
tia l bu i l di ngs wi th partia l col lapse; great in  poor ly bu i l t structures . Pan e l  wa l ls 
thrown out of frame structures . Fa l l  of ch imneys, factory stacks, col umns, monu- 6 . 2  

IX 

X 

XI 

X I I  

ments , wa l ls .  H eavy furn i ture overturned . Sand a n d  mud ej ected i n  sma l l  amounts . 
Changes i n  we l l  water . Persons driv ing motor cars disturbed . 

Damage considerab le  i n  specia l l y  designed structures; we l l -designed frame  struc­
tures thrown out  of  p lumb; great i n  substantia l bu i ldi ngs , wi th part ia l  col lapse .  
Bu i ld ings sh ifted off foundations . Ground cracked conspicuous l y .  Underground 
pi pes broken . 

Some we l l -bui It wooden structures destroyed; most masonry and frame  structures 
destroyed with foundations; ground bad ly cracked . Ra i ls ben t .  Lands l i des con­
siderab l e  from river banks and steep s lopes . Sh ifted sand and mud . Water 
sp lash ed (s lopped) ov.er banks .  

F ew i f  any (masonry) structures rema i n  standing . Bridges destroyed . Broad f issures 
i n  ground . Underground pipe l i nes comp l etely ou t of servi c e .  Earth s lumps and 
land s l i ps i n  soft ground . Rai Is bent grea t ly .  

Damage tota l . Waves seen on ground surfaces . L ines of sight and l eve l  distorted . 
Obj ects thrown upward into the air . 

* Adapted from Ho lmes ( 1 965) and U . S .  Geologica l S urvey (1 974) 

to 

6 . 9  

7 . 0-7. 3  

7 . 4-8 . 1 

Max . re­
corded 

8 . 9  
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Date 
1 873 
Nov . 22 

1 896 
June 5 

1 909 
Oct . 28 

1 922 
Jan .  3 1  

1 923 
Jan . 22 

1 93 1  
Oct .  1 

1 932 
J une 6 

1 938 
S ept . 1 1  
1 941 
J u ne 9 

1 949 
Apr . 1 3  

1 950 
Aug . 3 1  
1 954 
D ec .  21  

1 966 
Ju ly 1 2  
1 966 
Dec . 30 

LAND U S E  G EO LO GY OF CURRY COUNTY 

Tab l e  7 .  H i storic  seismic i ty - major earthquakes affecti ng Curry County, Oregon 

Magnitude and 
I ntensity (I) 

V I I -V I I I  observed 
on land 

IV observed on 
land 

V I l l  observed on 
land 

VI observed on 
land; mag . 7 . 3-
7 . 6; 
I = X  ca lc . 
V 1 1 -V I l l  observed 
on land; 7. 2; 
I = X  ca l c .  

---

V I I I  observed on 
land; 6 . 4; 
I = V I I I - IX ca lc . 

V I  observed on 
land 
5 . 3  

V I l l  observed on 
land; 7. 1 
I = X  ca lc . 
4 . 2  

V I I  observed on 
land; 6 . 6  

4 . 0  

4 . 3  

Location 
Crescent C i ty 
4 1 ° 45 ' N ,  
1 24° 1 0 'W 

" Cape B lanco" 

H umbo ldt Co . , CA 
40°35 ' N ,  
1 24° 1 0 'W 
Mendoc ino 
Escarpment; 
41 ° N I 1 25� ow 

Mendoci no 
Escarpment 
40�0 N , 1 24�0W 
Off coast of Curry 
Co . ;  42°54'N ,  
1 24°46 'W 
Off coast of Hum-
boldt Co . , CA; 
40 . 8° N ,  1 24 . 3°W 

Cape Mendoc i no 
40 . 3° N ,  1 24 . 8°W 
Off coast of Curry 
Co; 42°30' N ,  
1 25°00 'W 
Puget Sound area 

Off coast of Curry 
Co . ;  42° N ,  1 25°W 
Eureka-Arcata area 
40 . 8° N ,  1 24 . 1 °W 

42°06 ' N , 
1 25°00'W 
42°30 ' N ,  
1 24°48 'W 

Comments 
( I  represents I ntensi ty) 

N ear ly a l l  bui ldi ngs i n  Crescent C i ty damaged; 
ch imneys as far north as Port Orford topp l ed (Mer-
ca l l i V I I -VI I I ) ;  ci ted t ime i n  Port Orford 5 mi nutes 
later than i n  Crescent C i ty (Couch and oth ers, 1 975) . 
No data for Brookings (named i n  1 9 1 3) .  Greatest 
I ntensi ty (VI I I )  observed at Crescent Ci ty(Smi th 1 920) . 
Local  geo logy consi stent w i th active fau l ti ng; no 
oth er qua kes in area; possibi l i ty of true  epicenter 
offshore .  
A l l ch imneys and concrete structures destroyed at 
Roh nervi l l e ,  Ca l i f . ;  fe l t  w i th I =  I -IV  i n  Oregon 
as  far north as Marshfi eld (Coos Bay) . 
F el t  over an area of 400, 000 square mi l es; maxi -
mum I = V I at Eureka; V experi enc ed at Coos Bay; 
fe l t  in Eugene a nd Roseburg . 

F e l t w i th I = VI I -V I I I  i n  parts of coasta l Ca l i f . , 
wh ere houses and ch imneys were damaged; not fel t  
i n  Coos Bay accordi ng to loca l newspaper accounts . 

Ch i mneys and water mai ns damaged i n  Eureka;  
sma I I  houses downed in  Arcata; cracks in  ground 
hundreds of feet long i n  p laces . Fe l t  I = IV at  
Ag ness , Brooki ngs ,  Wedderbur n ,  and parts of Coos 
County; I =  I l l  at Port Orf ord . 
I - VI i n  many coasta l Ca l i f .  commun i ti es; felt  
wi th I = I -IV in Brookings . 

Not fe l t  i n  Curry County ,  bu t  fel t as far south as 
Bandon . 

Bui I di ngs cracked ,  ch i mneys and wi ndows destroyed 
i n  Eureka . Pipe l i nes broke i n  poor ly conso l i dated 
ground and settl ement tota l ed 2-6"  i n  Eureka . 
I ntensi ty VI a t  Brooki ngs , p laster a nd concrete 
wa l ls crac ked; I = IV at Gold Beach , Se lma and 
P isto l R iver; I =  1 - 1 1 1  at Oph i r .  (Brooki ngs impact 
probab ly  resu I t  of poor ground condi t ions or 
constructi on . )  
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A review of the records for past earthquakes (Table 7) shows that l arge quakes a long the Mendoc i no 
Fracture Zone attenuated to sma I I  to moderate quakes i n  the study area . Assumi ng s imi lar attenuation for 
the largest poss ib le quake ( I  = X I I )  a l ong the Mendoc i no Fracture Zone (see above) ,  a maximum possib le 
future quake of approx imate ly Merca l l i  i ntensity V I I I  can te ntative ly be assig ned to parts of Curry County 
(Table 9) . This  is equiva lent to or s l ight ly greater than the severity of the earthquake fe lt  in Port Orford 
i n  1 873 (Tab les 6 and 7) . 

T he attenuation of earthquakes occurri ng onshore i n  northern Ca l i fornia is apparent ly very sma l l  i n  
some i nstances .  The 1 954 q uake (Tab le 7 )  that was fe lt  with i ntensi ty V I I  i n  Eureka was fe lt  with i ntensi ty 
V l at one loca l ity i n  Brooki ngs,  possib ly part ly i n  response to unfavorab le construction or ground cond it ions . 
With s imi lar attenuat ion propert ies, quakes of i ntensity X (Richter magni tude 7 . 0 - 7 . 3) i n  the Eureka area 
cou ld  poss ib ly be fe lt  with i ntensity V I I I  in parts of Brooki ngs . The largest quake on record for Eureka 
occurred i n  1 865 and had an intensity of IX (equiva lent to magni tude 6 . 7  to 6 ,9  on the R ichter Sca le ) .  

Large earthquakes affecti ng parts of Curry County have epi centers 1 00 k i l ometers o r  more from the 
County l i ne (see Table 7) . Using data i nvo lv ing a l l  magnitudes of quakes and a l l  types of loca l  ground 
condit ions, Page , R .  A . , and others ( 1975) graph ica l ly summarize the loca I ground accelerations t hat can 
be expected . They show that at this distance from the epi center , acce lerations do not exceed 0.  1 g (one­
tenth the acce leration of gravity ) .  Max imum velocities and d istances of d i sp lacement are 30 centimeters 
per second and 1 0  cent imeters respect ive ly .  

Ground response : Ground response depends large ly on the nature of  t he bedrock o r  surfic i a l  materia l  
beneath the site . Evernden and others ( 1 973) show that on  the Me rca I I i  sea le the  impacts of  earthquakes 
on granit ic bedrock is  approximate ly 2� poi nts less than that on unsaturated a l l uv ium.  Other types of bed­
rock have i ntermediate va l ues, and saturated a l luv ium has val ues greater than that for unsaturated a l l uv ium.  
I n  genera l ,  Merca l l i  rat i ngs for earthquakes represent the  response of semicompacted a l l uv ium . 

E last ic  response occurs i n  materia l i n  wh ich there i s  no dampi ng and i n  wh ich competent part ic les 
mainta in  the same position re lat ive to each other dur i ng the quake . E last ic  response i s  a lmost un iversa l 
duri ng sma l l  quakes and is most common i n  conso l idated bedrock and dry semi conso l idated surfic ia l  units 
during moderate earthquakes . Where competent bedrock un its occupy precarious hi l l side posi t ions and are 
detached i n  moderate to strong quakes,  the response is said to be br itt l e .  C l ay-rich soi Is and weathered 
bedrock with appreciable immob i le water on moderate to steep slopes may deform p lastica l ly in response 
to se ismic activ ity to produce eart hflow . Such response is termed viscous response and may occur i n  the 
c lay and s i l ty c l ay soi l s  over ly i ng weathered bedrock units . 

F i ne-grai ned granu lar  soi l s  w ith high water content may undergo a tota l loss of strength upon repeated 
shak ing to g ive f lu id  response , or l iquefaction .  Bas ica l ly ,  l i quefaction occurs when se ism ic  shaking causes 
a reor ientat ion of sed iment gra i ns dur ing which time the load norma l ly borne by gra i n  contacts is transferred 
to the pore water, resu l t i ng i n  flow . Saturated c l ay-free sediments such as s i l t  or sand are most apt to 
undergo I iquefaction . Youd and others ( 1 975) demonstrate that saturated , uncompacted Ho locene estuari ne 
deposits i n  the San Francisco Bay area have a re lat ive ly high potent ia l  for l iquefaction during quakes of 
R ichter magn i tude 6 . 5  or greater .  Saturated lowland deposits of the study area are s imi lar to those of the 
Bay area . S ims ( 1 97 4) demonstrates that saturated lakebed deposits undergo sma l l  -sea le I iquefaction during 
earthquakes of i ntens i t ies V I  to V I l l  on the Me rca I i i sea l e .  

I t  i s  conc luded that t he maximum possib le  quakes o f  the study area are capab le o f  i nit iati ng l iquefaction 
in areas of c lay-free , saturated ground . These may i nc l ude marsh lands, low- ly i ng a l l uv ium , and other 
areas of perpetua l ly wet ground . Al so of poss ib le  concern are pockets of saturated soi I on steep s lopes and 
other areas of s l i de-prone terra i n .  

Type o f  construction: Damage to structures by earthquakes i s  c lose ly re lated t o  the size o f  the con­
struct ion,  the nature of the frame and floor suspension ,  and the presence or absence of fac i ng .  Genera l ly ,  
sma I I  wood-frame bui ld ings o f  three stories o r  less are the most resistent to earthquake damage . Earthquake 
resistance is  progressive ly less for larger bu i ld ings with frames of stee l ,  rei n forced concrete , wood, unre in­
forced concrete , and brick� Construction of unre i nforced adobe, ho l low concrete b lock , and ho l low c lay 
t i les are the least resistant and may col lapse in moderate shakes (Merca l l i V I I ) .  Faci ngs of unre inforced 
masonary , brick, or concrete b lock are re lat ive ly suscepti b le  to damage . The rat ios of repair costs to re­
p lacement costs for wood and nonwood structures in quakes of varying i ntensity are summar ized on Tab le 8. 



46 LA N D  U S E  GEO LO G Y  OF C U RRY COU NTY 

Tab l e  8. Repair ratios for earthquakes of varyi ng I ntensi ty*  

I ntensi ty 
V I  

V II 
V I I I  

I X  
X 

Repair costs/replacement costs (i n percent) 
Wood structures Non-wood structures 

0 . 2  or l ess 1 
2 5 
5 1 5  
8 35 

1 2  50 or greater 

* Adapted from Page, R .  A . ,  a nd others { 1 975) 

The hi stori c i mpact of earthquakes affect i ng Curry County is summarized i n  Tab l e  7 .  A maximum 
probable earthquake of Merca l l i  V I I I  is inferred for Curry County {see Possib le  locat ions and magnitudes) 
and the probab le  impacts of such a quake are summarized on Tab les 8 and 9. In genera l ,  low to moderate 
damage can be expected on firm ground such as terrace deposits; mi nor damage can be expected on so l id 
bedrock except i n  areas of potent ia l  mass movement; and severe damage is poss ib le on areas of unstab le  
ground . Because of the f lood potentia l ,  areas of unstab le  ground and areas where th e  probabi l i ty of  
s l ides is great are genera l ly not deve loped . Earthquakes of Merca l l i i ntensi ty V I I I  probably have a 
very low frequency of occurrence i n  Curry County . 

Tab l e  9 .  Probab le  impacts o f  an  earthquake o f  Merca l l i  intensity VI I I  i n  Curry County, Oregon 

S etting 
U nconso l i dated to 
semi -conso l i dated 
unsaturated ground 
Q a l ,  O ft, Q mt l , 
O mtm , Q mtu, O mth 
Hard conso l i dated 
bedrock 
A l l  bedrock un i ts 
w i th th i n  or no 
soi l 

Saturated unconso l i -
dated materia l 
m ,  Q a l  {part) , 
possi b ly Omt l  i n  
p laces 

*see Tab le  6 

Merca l l i 
I ntensi ty 

V I I I  

v1 -v1 1  

I X  

Ground 
response 

E lastic 

Bri tt l e  

E lastic 

P lastic of 
l iquefaction 
E lastic 

Liquefaction 

Descr iption* 
Destructive, car drivers ser ious ly  disturbed, 
masonry fissured , ch imneys fa l l ,  poor ly  
constructed bui ld i ngs damaged, possi b l e  
minor wave amp l i fication 

Rockfa l l  and rock s l i de i n  steep up lands 
(indica ted as debris s l ide terra i n  on haz-
ards maps genera l ly) 
Suspended objects swi ng ,  damage by over-
turning of loose obj ects or by fa l l i ng obj eCts 
wa l ls crack,  plaster fa l ls 
I ni tiate activ i ty i n  lands l i de terra i n  
{ indica ted on hazards maps) 
Ampl i fi cation of seismic waves and possi b l e  
resonance vibrations w i th structures over 
th ick deposits (Nichols a nd Banks ,  1 974) 
Loss of structura l support, sand swe l l s ,  lat-
era l spreading, s l ides on extremely low 
gradient s lopes possib l e  (but not probab le  
i n  Curry County) 
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Recommendat ions 

Western C urry County is a reg ion of low urbanizat ion and low-rise construction in which earthquake 
danger is primari ly,  if not entire ly ,  a funct ion of externa l seismic ity and loca l ground condit ions . Zoning 
regu lations, bui ld ing codes,  and po l i c ies shou ld  proceed toward the mu l t ip le goa l of 1 )  promoti ng constructio1 
design capab le of  w ithstandi ng potent ia l  earthquake activity, 2) d irect i ng the location of cri t ica l structures 
to sol id  or firm bedrock ,  3) assuri ng the safety of i nd ividua ls  in structures of high occupancy (office bu i ld i ngs 
and schoo l s) , and 4) assuring the cont i nued operation of crit ica l  structures such as hosp ita ls  in the event of 
an earthquake . Poor construction practices shou ld  be discouraged (see Tab le 8), a nd construction in areas 
of poor ground response is  not recommended (Tab le  9 ) .  Seismic  considerations should be i nc l uded in engi­
neering reports for large structures . 

Specifi c  regu lations and the i r  imp lementation i n  spec i fi c  areas requ i re add itiona l  techn ica l i nforma­
t ion i nc l ud i ng more deta i led in formation on earthquake attenuation,  th ickness and saturat ion of surfic ia l  
geo log ic  units ,  loca l seismic ity , and spec ifi c  ground response characteristics of  t he various geo log ic  units . 
I n  the absence of th is  loca l data , adopt ion of the re levant provisions of the U niform Bui ld ing Code i s  
recommended . Section 231 4 speci fies broad bu i ld ing requirements to  accommodate base shear during an  
earthquake . Factors considered i n  the ca lcu lations i nc l ude 1 )  type of frame and structure , 2) structura l 
e lements of the bu i ld i ng i nc l ud i ng fac ing ,  wa l ls ,  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 ing ,  and 5 )  the degree of earthquake hazard . Spec ifi cat ions are 
broad and genera l ized , and figures used i n  the ca lcu lations are derived from tab les or s imple equations . 

I n  t he Un i form Bui ld ing Code the area is desig nated as Zone 2 (for which earthquakes of i ntensity 
V I I  can be expected)and Zone 3 (for which earthquakes of i ntensity V I I  I or greater can be expected) . 
A l though th is  figure corresponds i n  genera l to that determi ned in th is  study for Curry County, the Uniform 
Bui ld ing Code as it is now formulated does not take i nto consideration ground response . I n  v iew of the 
deve lopmenta I patterns and the nature of the terrain of most of Curry County, these factors do not appear 
to be of major concern at the present t ime . 

The Uniform Bu i ld ing Code a lso di scus�es chimney anchorage and rei nforcement ( Section 3704), 
anchorage of wa l l s (Section 23 1 3) ,  e levator construct ion, standby power fac i l i t ies, and e lectrica l a nd 
fire -fighting insta l lat ions in h igh-r ise structures (Section 1 806 k) . 
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M IN ERAL RESOURCE S  

G e n e r a l 

M i nera l resources are natura l depos its which can be extracted profitab ly under present economic 
condit ions and with ex ist i ng techno logy . W here the deposit  has  been samp led , tested , and eval uated the 
resource is termed "proved reserv� . "  Where the deposits l i e  near proved reserves . but are less ri gorous ly 
defined, the term "probab le reserve " i s  used . W here geo logy and other factors suggest the poss ib le  presence 
of  m ineab le deposits t he term "possib le reserve " i s  used . In C urry County much of the deta i led i nformat ion 
necessary for c l assify i ng depos i ts is lack i ng and on ly a h i story of piecemea l production on vary i ng economic 
and techno logica l  conditions i s  ava i lable . Neverthe less, t he record of prior m in i ng activity, as summarized 
here , and the geo logic maps are important too ls  to be used in mak ing pre l im inary assessments of potentia l 
m i nera l wea l th  and i n  formu lat i ng genera l po l i cy . 

T he m ineral  resources of western Curry County are grouped i nto four ma jor headi ngs: Construction 
Mater ia l s ,  Meta l l i c Ores ,  Nonmeta l l i c  Depos its ( i nc l ud i ng fue l) , a nd Ground Wate r .  As consumpt ion 
cont inues to acce lerate, the need for the recogn it ion and proper management of the resource base of the 
County w i l l  cont inue to grow . Recogni tion shou ld  be g iven to the facts that l )  minera ls  can be m ined 
on ly where they occur natura l ly ,  2) m inera l s  p lay a very important ro le i n  most aspects of our l i fe, i n c l ud ing 
construction , manufactur i ng ,  transportat ion, and others ,  and 3) many m inera l deposits are often associated 
with  the more scen ic  geo log i c  areas.  

I mproper resource management can resu lt i n  scarred landscapes and po l l ution . State legis lation aimed 
at m in imiz ing these impacts are admin istered  by the State Department of Environmenta l Qua l i ty, t he Mined 
Land Rec lamation D ivision of  the Oregon Department of Geology and M inera l  I ndustries,  the Department of 
F ish and Wi ld l i fe ,  and others . On a broader sca l e ,  improper land use may lead to the loss of a cr i t ica l  
resource through lack o f  i ts consideration i n  the p lann ing process . T hus, ground water may become po l l uted 
in areas of i nadequate waste disposa l ,  a nd sources of grave l may eas i ly be covered by resident ia l deve lop­
ments or otherwise zoned out of exi stence . Proper p lann ing recognizes t he need to use land for its minera l 
resources as we l l  as for other purposes and avoids future c lashes between confl ict ing land uses by d i recting 
growth accordi ng ly . W here potent ia l ly econom ic deposits are known to exist , l and use decis ions genera l ly 
should not prec l ude recovery of the resource . 

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

Genera l 

Construction mater ia l s  i n  western  C urry County inc lude many types of stone with wide ranges of size, 
shape , composit ion, a nd weathering character ist ics . These materia ls  i nc l ude sand, grave l ,  a nd quarry 
stone . The f lood p lai ns and channe l s  of ma jor streams and rivers are sources of large quantit ies of h igh­
qua l ity sand and grave l .  The resource potentia l of a parti cu lar deposit i s  determ i ned by its physica l char­
acterist ics, volume, and location and by the spec i fi c  requ irements of its i ntended use . Construction 
materia l  i s  a criti ca l  resource in western C urry County owi ng to heavy re l iance of the tourism and logg i ng 
i ndustries to we l l -mai nta i ned roads,  t he necessary construction of addit iona l roads, and the trend towards 
urbanizat ion,  wh ich  t raditiona l ly is associated with  i ncreased per capita consumption of sand and grave l .  

Quarry stone is genera l ly angu lar and hard and is we l l -suited for use in paved or unpaved roads . 
W here jo i nt i ng is coarse , it is suited for use i n  riverbank protection (riprap to contro l eros ion) . It is not 
we 1 1 -su ited for use in concrete as aggregate,  and it is more cost ly to produce t han  sand and grave I .  Jetty­
stone can be produced from some occurrences of basa l t ,  i ntrusive igneous rocks, or b luesch ist, by stockpi l i ng 
large bou lders and by us ing specia l ized b last ing techn iques to mi n im ize shatter ing . Sand and grave l are 
used for the construct ion of h ighways , streets, roads , foundations, and many other types of structure s .  
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S tat ist i ca l ly for every housi ng start, approximate ly 1 75 cubic yards of concrete is needed for the i nd ividual 
structure and for the numerous other projects i t  generates ,  i nc l ud i ng streets, sewers, schoo l s ,  shoppi ng 
centers, a nd i ndustria l fac i l i t ies . 

Consumption 

T he annua l consumption of stone and sand and grave l in C urry County is  summarized on Tab le 1 0 . 
Comparison with popu lation figures i nd i cates that the per capi ta consumpt ion o f  stone was approximate ly 
2 tons, 5 tons, 1 0  tons, and 17 tons in the 1 940' s ,  1 950 ' s ,  1 960 ' s ,  and 1 970 ' s  respective ly . Wide varia­
t ions on g iven years are probab ly re lated to d i fferent leve ls  of road-bu i ld i ng act iv i ty .  Likewise , per capi ta 
consumpt ion of sand and grave l was 5 tons, 3 to 4 tons, 1 0  tons , a nd 8 to 9 tons i n  t he 1 940' s ,  1 950 ' s ,  
1 960' s ,  a nd 1 970 ' s  respective ly . 

Future needs for construction materia Is are dependent large ly on popu lotion trends and land use . A 
popu lat ion i ncrease of 1 5  percent is projected for Curry County between 1 970 and 1 990 (see Geography -
Popu lation and Econom ic Trends) . Conti nued urbanizat ion and road upkeep w i l l  probably ma i nta i n  a 1 0-ton 
per capita annua l consumption of sand and grave l and a 9-ton per capi ta annua l  consumpt ion of stone . 
Using these figures , cumu lative demand for sand and grave l wi l l  be greater than 2 mi l l ion tons between 
1 975 and 1 990, and cumulat ive demand for stone wi l l  a l so be greater than 2 mi l l ion tons . These projections 
do not i nc lude large-sea le jetty construction or road construct ion . 

Sources 

Large , act ive operat ions near major l i nes of transportat ion are summari zed on Tab le 1 1 .  Genera l ized 
informat ion on dormant s ites con be i n ferred from t he geo log ic maps . Deta i led  i n formation on quarry oper­
ations of a l l  sizes can be obta i ned from the Mined Land Rec lamation D ivis ion of the Oregon Department 
of Geo logy and M ineral I nd ustr ies . S tream channe l operat ions are under the j ur isdict ion of the Div is ion 
of State Lands . 

The genera l c haracter ist ics  of the various geologic un its with regard to construction materia l s  are 
summarized on Table 1 2 . Bedrock un i ts ,  wi th  t he genera l exception of t he Co lebrooke Schist and serpe nti ne , 
are suited to use as fi l l  or embankments . Fresh ,  hard rocks in t he pre-Tertiary un its i nc lud i ng basa l t ,  b l ue ­
schist (F igure 1 4) , c hert, i ntrusive rock,  and possi b ly cong lomerate are suited to uses wi th  h igher spec i fica­
t ions i nc luding load-bear i ng aggregate and r iprap . W here present i n  suffic ie nt q uanti t ies and unweathered,  
grave l of t he younger terraces may be suitable for use as concrete aggregate . Most terrace materia l i s  
suitable for use i n  sma l l  fi l l s or embankments . Sand and grave l of the f lood p la i ns and r iver channe l s  is of 
high qua l i ty and su i table for many uses (F igures 15 and 1 6);  however, roundness prec l udes use of uncrushed 
grave I in  most fi l i s and nonconcrete roads . 

P lann ing considerat ions 

Many of the geo logic processes which  effect the magn i ficent scenery and the fish runs of Curry 
County are the same processes t hat produce the unweathered bedrock exposures and exce l l ent channe l 
deposits of sand and grave l from wh ich  stone and sand and grave l are m i ned respect ive ly .  Assoc iated 
aesthetic resource val ues , in turn,  are major factors in tour ism and the econom.,c hea lth of the community . 
Proper p lann ing wi th  regard to construction materia l s  req ui res a ba lanced apprec iation of the needs and 
desires of the community and t he phys ica l constra i nts wi th in  wh i ch  the construct ion mater i a l  i ndustry must 
operate . 

Construction materia l s ,  l ike other m i nera l resources, can be m i ned on ly where they occur natura l ly .  
Other l im itations on product ion inc lude hau l ing d i stances, weather ing,  th ickness of overburden ,  and 
assoc iated hazardous condit ions such as f loodi ng or high ground water . Further l im i tations are p laced by 
the necessary spec ifications of the intended use . 

Confl ict wi th  other resources prov ides addi t iona l constra i nts on the construction materia l i ndustry . 
Common ly the preservation of fish spawn i ng grounds and streamflows removes econom ic deposits from pro­
duct ion .  For example , it has been recomme nded that parts of Dry C reek in t he S ixes R iver drai nage and 
Bear Creek on the W inchuck River be removed from sand and grave l product ion (T hompson and others, 1 972) . 
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Tab l e  1 0 . Production of construction materia l s ,  Curry County, Oregon 

Year 
1 950 
1 95 1  
1 952 
1 953 
1 954 
1 955 
1 956 
1 957 
1 958 
1 959 
1 960 
1 96 1  
1 962 

S tone 
(short tons) 

--

- -

- -

- -

2 1 7, 952 
- -

1 , 854 
1 44, 427 

3 , 994 
295, 3 1 0  
536 , 1 1 7 
69, 900 

9, 446 

Sand and grave l  
(short tons) 

1 1 755 
2 , 079 
1 , 4 1 2  

- -

3 , 548 
2 , 42 1  

99, 1 05 
65, 302 

1 57, 429 
1 5, 784 
1 0, 978 

24 1 , 1 42 
1 6 1 1 395 

S tone Sand and grave l 
Popu lotion Year (short tons) (short tons) Popu lation 

6 , 048 1 963 2 , 4 1 7  
1 964 69, 397 71 1 000 
1 965 60, 868 271 , 000 
1 966 24, 560 1 1 9, 000 
1 967 23, 546 203, 000 
1 968 357, 326 207, 000 
1 969 2 1 1 , 665 98, 000 
1 970 235, 1 04 1 28 , 000 1 3, 006 
1 971 8 1 , 473 1 , 000 
1 972 1 23, 839 1 1 1 1 350 

1 3 , 983 1 973 63 1 1 566 1 2 1 , 000 
1 974 78, 586 1 01 , 852 
1 975 1 4, 1 00 

Tab l e  1 1 .  Active construction materia l operations i n  western Curry County, Oregon 

Commodity Name 
S tone Griffi th Enterprises 

S tone Bu l iard Sand and Gravel 

S tone South Coast Lumber Co . 

Sand and ACCO Contrac tors 
grave l 

Sand and Curry Co . Road Dept . 
grave l  

Grave l Curry Co . Road D ept . 
Gravel Curry Co . Road Dept . 
Grave l  Curry Co . Road Dept . 
Grave l  Curry Co .  Road Dept . 
Grave l  Curry Co . Road D ept . 
Grave l  Curry Co . Road Dept . 
Gravel Curry Co . Road Dept . 
Gravel  Curry Co . Road D ept . 
Grave l  Curry C o .  Road Dept . 
Grave l  Curry Co . Road D ept. 
Grave l  Curry Co .  Road Dept . 

Grave l  Ferry Creek 
Sand a nd Pacific Roc k  and Paving 

grave l  
Sand and Paci fic  Roc k and Paving 

grave l  
Sand and Western Bu i lders Supp ly  

grave l  

Location 
Lega l 

S . E .  � sec . 29, T .  32 S . ,  R .  1 5  W .  

S .  E .  � sec . 1 2 , T .  3 1  S . 1 R .  1 5  W .  

N . W .  � sec • 24, T .  40 S • , R • 1 3  W .  

S • W .  � sec • 35 , T .  4 0  S .  , R • 1 3  W .  

S ec . 35, T .  40 S .  , R . 1 3  W .  

S ec . 2 1 , T .  3 8  S . ,  R .  1 4  W .  
S . W .  � sec • 1 1  , T . 3 2  S . , R • 1 5  W .  
N • E • � sec . 36 , T .  32 S • , R • 1 5  W . 
S • E . � sec • 34, T .  40 S . , R • 1 3  W • 

S ec . 1 9, T • 38 S • , R . 1 4  W . 
S .  E .  � sec . 1 8 , T .  37 S . ,  R .  1 4  W .  
S ec . 1 2 , T .  36 S . ,  R .  1 4 W .  
S ec . 6 ,  T . 4 1  S • 1 R • 1 2 W • 

S ec . 1 0, T .  32 S . ,  R .  1 5  W .  
S ec • 9,  T .  32 S .  , R .  1 3  W .  
S ec • 7 ,  T .  32 S • , R • 1 4  W . 

N .W .  � sec . 32,T . 40 S . ,  R .  1 3  W .  
Sec • 33, T .  40 S • , R . 1 5 W • 

S ec .  2 1 , T .  36 S . ,  R .  1 4  W .  

Sec • 1 1  , T .  32 S . ,  R .  1 5  W .  

Geograph ic  
Port Orford area 
(Otter Poi n t  Fm . )  
F loras Creek dra i nage 
(Otter Poi nt  Fm . )  
Chetco R iver dra i nage 
(Dothan Fm . )  
Chetco R iver 

Chetco R iver 

Pisto l  R iver 
S ixes R iver 
E l k  River 
Chetco River 
Pisto l  River 
H unter Creek 
Rogue R iver 
Winchuck River 
S ixes R iver 
Sixes R iver 
Dry Creek (of S ixes 

R iver dra i nage) 
Chetco River 
Chetco River 

Rogue River 

S ixes River 
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Figure 1 4 .  McVoy Rock, on the Horbor Bench, formerly a knobof blueschists, was 
excavated for use in jetty construction. (Oregon Highway Division Photo) 
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Aesthetic considerations include the noise, dust, increased turbidity, and general unsightliness of many 
construction material operations. For example, isolated terrace deposits with appreciable gravel at 
shal low depths probably wi l l  not be developed because extensive strip-mining would be required to ex­
tract the material and reclamation costs would be high. 

Providing for the future construction-materia I needs of the community involves 1 )  setting aside suf­
ficient volumes of sand, gravel,  and stone, and 2) minimizing adverse impacts of its removal .  In some 
instances channel removal of sand and gravel can be combined with flood-control measures (see: Geologic 
Hazards -StreamFiooding)or with dredging operations (see Geologic Hazards -Stream Erosion Deposition­
estuaries) to serve a dual purpose. Visual and acoustic screening can reduce the impacts of quarries and 
pits. Abandoned pits con be adapted to a variety of uses including construction sites and landfi lls where 
cultural and physical settings are appropriate. Gravel operations in the channel of the Chetco River ore 
diked to eliminate adverse impacts on water quality. 

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

General 

Metall ic minerals in Curry County occur in lode,laterite,and placer deposits and hove a long history 
of sporadic exploration and production extending from the 1850's through World War I I ,  Since that time 
mining activity has been minimal, The rising cost of minerals, the need for new sources of supply, and 
new concepts of mineralization and tectonics suggest that future mining activity in Curry County is a 
distinct possibility . Although most deposits in the study area appear to be of limited extent, it is note­
worthy that regional structural analyses and exploration techniques generally have not been applied. 
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of Ear ly Tertiary . 
Age (Tef, Te lg ,  
Ter, Teu) 
S edimentary Rocks 
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Tab le  1 2 .  Poten tia l  sourc es o f  construction materia ls,  w estern Curry County, Oregon 

Location Mater ia l s  Q ua l i ty Use and comments 
Sea c l i ffs and head- Semi -conso l idated sandstone Var iab le  weatheri ng F i  I I  a nd embankments; steep exposures and 
lands , northern and cong lom�rate a nd gra in  s ize th i ck  overburden l im i t  excavation 
Curry County 
U p lands of northern C lay-cemented sandstone and Fresh to wea thered F i  I I  or embankment materia I i f  proper ly 
Curry County si l tstone s ized; stream r i prap where favorab ly 

bedded and joi nted 

Cape Sebastian and Hard sandstone and s i l tstone Fresh to wea thered F i l l  or embankment; large b locks probab ly 
surrou nding area not suffi c ien t ly abrasion resistant for j etty 

use 
South of S ixes River H ard cong lomerate, sandstone Genera l ly not s ign if- F i  I I ,  embankments, and poss ib ly stream r ip-
and north of Euchre and s i  I ts tone i cant ly  weath ered rap; cong lomerate moderately we l l  sui ted for : 
Creek load-beari ng aggregate on low-use roads 
Coasta I and north - H i gh ly var i ed;  sheared to hard H igh ly  var iab le  de- Chert and b lueschist  for load-beari ng aggre-
ern Curry County sedimentary and volcanic rock,  pendi ng on l i tho logy, gate; other hard rocks for fi l l ,  embankment, 

pods of very hard b lueschist,  sheari ng,  and wea th- and s tream r iprap; greenstone for load-bear-
serpenti ne, chert eri ng i ng aggregate; b l ueschis t  has been used for 

j etty construct ion 
Chetco R iver B loc ky sandstone and s i l ts tone, Fresh on steep s lopes Fi  I I , embankmen� and r iver r i prap; some 
dra i nage m i nor greenstone,and very to wea thered on mod- basa l t a nd chert for load-beari ng aggregate 

mi nor chert erate to gen t l e  s lopes . . 

I nter ior uplands i n  S laty mudstone w i th m inor Fresh Fi I I  and emban kment; greenstone may be 
the Pearse Pea k  th i n-bedded sandstone a nd sui tab le  for load- beari ng aggregate; i so la-
area greenstone t ion a nd overburden l im i t  use 
Mount  Emi ly and Syenite and dac i te Hard and fresh; f ine F i l l , embankment,and load-bear ing aggre-
v ic i n i ty to coarse j oi nted; ga te; r iprap and poss ib ly  j ettystone where 

weathered on r idge appropr iate ly joi n ted; compos i tion may pre-
crests c I ude use as concrete aggregate 

Pearse Peak  area D ior i te and quartz dior i te Genera l ly fresh but F i  I I ,  emba n kments, stream r iprap, and load-
wea th ered in p laces beari ng aggregate; composi tion and angular-

i ty may prec lude use as concrete aggregate 
Centra l coast and Phyl l i te and schist (both p laty Pervasive p lanar G enera l ly not sui ted for construction mater-
i n land m icaceous rocks) and re lated fabr ic ia l ;  some poor ly schistose rocks su i tab le  for 

metamorph ic  rocks fi I I  and emban kments 
Wi despread P laty serpenti ne minera ls  and Very hard to soft,de- Poor ly sui ted for fi l l  or  embankments; not 

u l tramafi c minera l s  pendi ng on compos i - su i ted for load-beari ng aggregate o r  con-
tion and sh eari ng crete aggregate 

------------
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Tab l e  1 2 .  Potentia l  sources of construction materia ls, western Curry County, Oregon (conti nued) 

U ni t  Location Mater ia l s  Q ua l i ty Use and comments 

Q uaternary h igher Sma l l  up land areas Weathered sand, si l t ,  c lay and Weathered F i l l  or embankments loca l ly; weather ing 
mar ine terrace to e l evations of  up grave l ;  i nc ludes semi -conso l i - prec ludes use a s  load-beari ng aggregate 
(Q mth) to 1 , 000 feet dated sand of poss ib le  P l iocene or concrete aggregate 

age 
Q uaternary upper Scattered up land Sand, si It, and basa l grave l ,  Weath ered to fresh Fi I I  or embankments; gravel  may be sui ted 
mari ne terrace areas over looking w i th some sem i -conso l idated for concrete aggregate if fresh and i n  
(Q mtu) lower terraces sand of possi b l e  P l iocene age suffic ient quanti t ies 
Q uaternary midd le  Scattered coasta l Sand, si l t ,  and basa l grave l ,  Genera l ly fresh , but F i l l  and embankments; some gravel may be 

.¥! mari ne terrace loca l i ti es; Cape w i nd-blown sand north of wi th i ron cementing su i tab l e  for concrete aggregate i f  not weath-
c (O mtm) B lanco area Port Orford i n  p laces ered or i ron-sta i ned and i f  suffic i ent volume 
� ��--��---.------��-.------�----��----�----�---.-----.--���---.---.-.�--��------�-.--�--�-.-.-----.�-..---u Q uaternary lower North coasta I Sand ,  si I t, and basa I grave l ;  Saturated and w i th Fi I I  or embankment materia I ;  assoc iated haz-
g> mari ne terrace p la ins of Curry Co . a lso marsh a nd saturated organic materia l over ards i nc l ude f looding,  h igh ground water anc 
o (O mt l) ground large areas h igh organic content 
� Q uaternary f luvi a l  D i ssected bottom- Grave l and sand a long rivers; Genera l ly fresh Su ited for fi l l ,  embankm ent  or possi b ly con-

.� terrace (Qft) land of major sand , si l t, and grave l  a long crete aggregate, but genera l l y i nconsistent 
� streams and rivers streams w i th other use prior i t ies 
� Sand Coast l i ne, Pistol Wel l -sorted to moderately Fresh but w i th num- Limited use as fi l l  materia l i n  dry areas; 

(su , ss, sb) R iver area sorted unconso l i dated sand erous env i ronmenta l not sui ted i n  areas of h i gh water or possib l e  
constra ints drai nage restrictions ow i ng to potentia l  for 

l iquefaction 
Quaternary F lood p la ins of Grave l  and sand a long r ivers, Fresh and very good Load-beari ng a nd concrete aggregate; use I 
a l luvi um (Qa l) major streams and si l t  and sand on f lood p la ins; owi ng to stream for fi l l  and emban kments inconsistent w i th II 

r ivers; streambeds sand , si l t, and c lay a long action (see text) potentia l  for better uses; stream deve lop- 1 
streams ment assoc iated w i th unique management 

prob l ems (see text); vo l ume of grave l  renewe, 
__ _ _____ __ ____ _ _ _  _ 

_ __  ann� not determi ned I 
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Figure 15 .  Planar deposits of gravel in the Rogue River flood plain 
are indicative of rapid bedload transport and high current velo­
cities. 

Figure 1 6 .  Bedload deposits of gravel along the Rogue River are char­
acterized by high proportions of gravel and low proportions of sand 
or silt. 



MI N E RA L  R ESOURCES 55 

lode deposits and laterite depos i ts : 

Gold and si l ver: Gold and s i l ver lode deposits mi ned i n  the Agness and Sixes River areas are associ ­
ated with  quartz ve ins and s i l iceous to i ntermediate d ikes re lated to Nevadan Late J urassic) p l utonism , 
According ly, poss ib le  future di scoveries of lode gold or s i l ver shou ld be expected i n  t he Pearse Peak 
Diorite or Ga l ice Formation . Dikes l eading from the Pearse Peak Diorite penetrate the Ga l ice Formation, 
which forms part of  the same major thrust sheet (see Tectonic Setting) . Very minor amounts of gold are 
reported from t he Mount Emi ly area,  a p l uton of s imi lar composi tion to the Pearse Peak Diorite , but of 
younger (mid-Tert iary) age , 

Di l ler ( 1 9 1 4) suggested that Early Cretaceous sedimentary rocks f lank ing Nevadan p l utons i n  south­
western Oregon , but post-dati ng the p lutons, m ight  conta in  p lacers of gold of Early Cretaceous age . 
Exp loration act iv i ty s ince that t ime , however,  has not y ie lded mines in these units, and future d i scoveries 
in them are not considered l ike ly .  T he genera l character of the Early Cretaceous units i s  that of poor ly 
sorted basi na l deposi ts i nconsistent with the deve lopment of p lacer deposits of economic grade , 

Chromi te :  Lode chromi te has been recovered from scattered c la ims northwest of l l lahee , south of 
Agness, in the Signal Buttes area, and in various other parts of Curry County (Pearso l l  Peak, Vu lcan Rock) 
outside the study area . In add i t ion,  chromite f loat reported from a s lope 3 mi les north-northeast of 
Wedderburn (S . E . *'  sec .  8, T .  36 S . ,  R .  1 4 W . )  by Ramp ( 1 96 1 )  i ndicates that deposits (probably very 
sma l l ) occur i n  the immediate v ic in i ty ,  Al l chrom ite deposits occur as segregation bands (oriented para l le l  
to reg iona l structures) or as d issemi nat ions i n  peridot i te and serpent in ite . T he parent mater ia l i s  Late 
J urass ic sea-floor crusta l mater ia l (see E ng i neeri ng Geo logy - Serpent i ne and peridot ite) . It is unre lated 
in age to t he Nevadan Orogeny . Thus, depos i ts associated with  the Joseph ine Peridotite in the eastern 
parts of the County may predate Nevadan p l utonism, and depos its inferred for the Otter Point Formation 
(north of Wedderburn) may post-date Nevadan pl uton ism . T he chromite deposits are not direct ly re lated 
to the formation of granite in trusions in southwestern Oregon ,  

P latinum: P lat inum has recent ly been detected i n  the u l tramafic (peridotite and ·serpentinite) rocks 
of southwestern Oregon by means of sophist icated laboratory techn iques (Page , N ,  J . ,  and others , 1 975) . 
Concentrations are greatest i n  chrome -r ich  varieties of u l tramafic  rocks (chromitites) and average 1 50 parts 
per bi l l ion ,  These concentrations are very low in comparison to commercial  concentrat ions e l sewhere i n  
t he wor ld , which average ten t o  twenty t imes  t hat amount .  T he deposits have n o  economic pote ntia l at 
th is  t ime but may be of s igni ficance in terms of secondary recovery from poss ib le  future chromite operat ions . 
T he detection and measuri ng of plati num in  these rocks is a l so of s ignificance because it exp la ins the orig i n  
of p lati num found i n  p lacers o f  southwestern Oregon,and it may provide c l ues regard ing the locations of 
t he most promis ing p lat inum p lacers . 

Copper: Copper m i nera ls ,  i nc l ud ing cuprite , bornite , and nat ive copper ,  occur i n  very loca l ized 
pods and lenses in serpent in i te in parts of C urry County . Accord ing to But ler and Mi tche l l  ( 1 9 16 ) ,  45 tons 
of bornite-rich rock were shipped to San Franc isco from the Agness area in 1 908. The copper occurs in  
shear zones i n  the serpentin i te and may represent crusta l segregat ions in  ancient sea-floor deposits s imi lar 
to the chrom ite deposi t s ,  Assoc iat ions of t h is type are we l l -known i n  other parts of the wor ld and i n  p laces 
are extreme ly r ich .  Alternative ly ,  copper occurs in metavo lcanic and other types of rock e lsewhere i n  
southwestern Oregon, and some may be  the  product of  later periods of  minera l i zat ion associated w ith  Jurassic 
or Miocene p luton ism, i ndicat ing that copper deposits of southwestern Oregon have more than one mode of 
origi n .  

N icke l :  Red F lat i s  a re lative ly  f lat , deep ly-weathered r idge crest located o n  the southern extremity 
of a large exposure of u l t ramafic (peridot ite and serpenti nite) rocks wh ich  extend from the Pistol R iver 
dra i nage to the Rogue River. The bedrock is  covered with a mant le of later it ic soi I and bou ldery rego l i th 
t hat has been leached of magnesium and s i l i con . I t  has been  correspond ing ly enriched i n  iron and other 
meta l l ic materia l s  which i nc l ude uneconomic accumu lat ions of go ld ,  s i lver, c hromite, and mercury , but 
potent ia l ly economic depos its of n icke l ,  Concentrat ions of  nicke l  vary from 0 , 27 percent to 1 , 46 percent 
( Libbey and others, 1 947) and average an estimated 0 . 8  percent (Hotz and Ramp, 1 969) , The laterites 
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vary i n  th ickness from a few inches to possib ly as much as 50 feet (Hundhausen and others, ( l 954) . The 
n icke l deposits are not present ly economic owing to isolation and re lat ive ly sma l l  size . T he tota l extent 
measures approximate ly 3 mi les long and 1/2 m i le wide ( L .  Ramp , written communication, 1 976) , T he 
deposits consti tute an important resource that may be commercia l ly exp loitab le i n  the future . They are 
present ly under i nvestigation by the State of Oregon Department of Geo logy and Minera l I ndustries as 
part of a reg iona l assessment of the nicke l resource of Oregon . 

Other: Mount Emi ly has assoc iated with it very l imited deposits of z inc ,  mo lybdeni te ,  gold , 
coba l t ,  and nicke l (But l er and Mitche l l ,  1 9 1 6) .  Descriptions of t he site suggest that m inera l i zed zones 
occur in brecciated rhyo l i te which caps the intrusive rock .  If this is true , the erosion which has produced 
the adjacent va l leys probab ly has removed pote nt ia l ly minera l ized zones from the surround ing area . 

P lacer deposits 

P lacer deposits are concentrates of heavy minera l s  (usua l ly dark in co lor) in wave- and current­
deposited sed iments on e l evated mari ne terraces,  on beaches, on river terraces , and on submerged· wave-
cut terraces . T he deposits have a complex orig in  i nvo lv ing erosion from in land areas ,  transportation i n  
streams, and sort i ng by wave or  current action . B lack beach sand depos its in C urry County conta in chromite 
(chromium), i lmenite (titani um) , p latinum, and o I ivi ne derived primari ly from peridotites , garnet derived 
from metamorphic terra i n ,  and mi nor amounts of gold derived orig ina l ly from Nevadan i ntrusive rocks and 
i ntruded country rock (see Lode deposits) . 

F l uvia l p lacers : F l uv ia l ,  or river , p lacers i nc l ude deposits i n  the stream bed , flood p la i ns , and 
terraces of major streams and rivers . The most productive placers occur in the Sixes River area and inc lude 
depos its i n  the S ixes and E l k  R iver dra inages , Gold is the predominant minera l of econom ic i nterest and 
is most abundant i n  streams dra in ing Pearse Peak Diorite and Gal ice Formation terra i n .  The largest parti ­
c les o f  go ld are found in the South Fork o f  the Sixes R iver , Source o f  the materia l ,  as revea led by scattered 
lode mine act ivity , is quartz veins and s i l i ceous d ikes lead ing from the diorite i nto the country rock , 

Stream sed iment ana lyses indicate that some of the fi ner go ld of less productive tributaries in the area 
is derived from cong lomerates and sandstones of the Rocky Poi nt Format ion , the Umpqua Formation, and other 
post-Nevadan sedimentary units (Boggs and Ba ldw in ,  1 970) . Ba ldwin ( 1 968) reports black sands in the 
Umpqua Format ion south of Agness . Much of this go ld  and associated meta l s  were eroded from t he Nevadan 
terra in  and were deposited in younger sedimentary units, Duri ng the exist ing erosion cyc le , the go ld  has 
aga in  bee n eroded and deposited i n  the present-day p lacers , 

Coasta l p lacers: Wave act ion has sorted out le nses r ich in heavy minera l s  at various stands of sea 
leve l (see Geologic Hazards - Ocean F lood i ng) to produce p lacer deposits on mari ne terraces , submerged 
terraces, and beaches , T he beach deposits at Go ld Beach,  Ophir,  Port Orford , and Cape B lanco experi ­
enced short-l ived min ing activ ity i n  the midd le 1 800 ' s ,  apparent ly because the deposits were sma l l  and of 
low concentration . Ana lyses of heavy-minera l  distribut ions on beaches and terraces show that the heavy 
mi nera l s  on the beaches were derived in part from nearby terraces by waves or stream action (Griggs , 1 945) 
or were supp l ied by ma jor streams from up land terra in  farther in the i nterior . The beach materia l ,  i nc lud ing 
the heavy minera l s ,  is not transported great distances latera l ly a long the coast (see Geo log ic Hazards ­
Wave Erosion and Depos i t ion ) .  

Up l i fted terraces represent former beaches and loca l ly conta in  le nses of heavy minera l s  which tre nd 
para l le l  to the mounta in  front . Maximum dimensions of some of the lenses of southwestern Oregon i nc l ude 
thicknesses of severa l feet ,  widths of 1 , 000 feet ,  and lengths of up to one m i le  (Griggs , 1 945) .  These 
dimensions app ly main ly to deposits in Coos County . Most of the Curry County terraces are sma l ler and 
the dimensions of the lenses are correspondingly less , M inor b lack sand deposits are noted in the Denmark 
area and in the Nesika Beach terrace . Neither deposit appears to be of economic signi ficance at the 
present t ime . 

Submerged terraces with heavy-minera l deposits occur off the coast of Cape B lanco and in a large 
offshore area between Cape Sebast ian and the Rogue River Reef (Ku lm and others, 1 968) , Ind ividua l 
deposits are a l igned para l le l  to the coast and have dimensions simi lar to terrace deposits of b lack sand on 
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shore . Concentrat ions of go l d  range from 5 to 150 parts per bi l l ion at the surface , The depos its are not 
present ly considered economic; however ,  greater concentrat ions may be prese nt at depth (C l i fton , 1 969) . 
B lack sand deposits off the coast are being i nvestigated i n  ongoing programs of samp l ing and geophysica l 
exp loration by the Office of Mari ne Hydro logy of the U . S ,  Geo log ica l  Survey en d  by the Department 
of Oceanography of Oregon State Universi ty . 

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  

Ge nera l 

Nonmeta l l ic mi nera l deposits, other than construction mater ia ls, have no economic  s ign ifi cance at 
t he present t ime . They i nc l ude a variety of u l tramafic m inera l s with severa l m isce l laneous potent i a l  uses,  
scattered occurrences of pri ceite ,  mi nor seams of coa l ,  and possib le accumul at ions of oi l  or  gos offshore . 

Priceite 

Priceite was first d iscovered in Curry County and was m ined in 1 872 from scattered deposits in ser­
pentinite in t he Lone Ranch area three m i les north of Brooki ngs , I n  1 873 the m inera l was forma l ly named; 
it is one of seven minera l s  d iscovered in Oregon .  In 1 890 the r ights to the depos its were purchased by 
Borax Consol idated Li mi ted of London and i n  1 950 the land was donated to Oregon for i nc l usion i n  a 
state park . The company reta ined the r ight to m ine undersurface mi nera ls  at a l ater date , Production 
was 590 tons in the season  1 891 -1 892 ,  and tot a I production by the year 1 892 was probab I y 3, 600 to 5, 400 
tons , 

T he price i te occurs as pea-s ize part ic les  and nodu les weigh i ng up to 450 pounds . Its occurrence 
on the moist , mounta inous s l opes of  C urry County is  of i nterest because the great majority of borax depos its 
wor ldw ide occur under evaporite condit ions in desert areas . On  the basis of geochemical evidence Stap les  
( 1 948) conc l uded t hat the borax was  der ived from vo l canic boric  ac id  as i t  reacted wi th  ca lc i te-rich country 
rock during imp lacement of the nearby M iocene rhyo l ite dikes , The i ntrusions conta in  traces of copper ,  
stront i um ,  and  boron s imi lar to that of  t he price ite , The i ron and magnesium i n  t he pr ice i te was derived 
from the surroundi ng serpent in i te country rock ,  

M ining o f  the priceite o n  a commerc ia l  basis  occurred a t  a t ime when  competit ive deposits o f  borax 
mi nera ls  in evaporite basi ns e l sewhere i n  the west were poor ly defined . Today , competit ion from these 
immense deposits prec l udes economic deve lopment of the price i te deposits of the study area . In add it ion,  
the pri ce ite deposits are uneconom ic i n  terms of  size . Present ly a I I  of the United States ' supply and 70 
percent of the wor ld ' s supply of boron is mi ned in southeastern Ca l i forn i a .  

U l tramafi c  m inera l s  

O l iv ine is  a common rock-formi ng mi nera l of u l tramafic (h igh i n  i ron and magnesi um) rocks such as 
peridotite , It is used for refractory purposes ,  foundary sands, gems,  sand b last ing ,  and other uses .  Its 
va l ue i n  sand b l ast ing is  t hat its use e l im i nates the dangers of s i l icosis associated with the use of quartz 
sand , Deposits of dunite (pr imari ly o l iv i ne)  are known to occur near Pearsa l l  Peak , outside the study area 
\Nagner and Ramp , 1 969 , p .  1 92) . T he possi bi l i ty of other deposits of potent ia l  commerc ia l  va l ue shou ld  
be  recognized , 

Asbestos is a fibrous i ron- and magnesi um-rich m inera l associated with  some bodies of serpent in i te . 
Owi ng to the abundance of serpentin i te i n  t he study area , potent ia l ly commerc i a l  deposits of asbestos may 
a lso be prese nt . Exp lorat ion is d i ff icu l t  and cost ly , and no depos i ts have been reported to date . Serpen­
t in ite is sometimes used as a source of magnesium in fert i l izers . 

Coa l 

Scattered exposures of ear ly Terti ary age in northern Curry County are the erosiona l remnants of 
l arge de l ta ic  fans t hat were orig ina l ly contiguous with the sandstone deposits and coa l deposits at Eden 
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R idge and Coos Bay . Th in  d isconti nuous coa l seams are exposed i n  the Middle Fork of the Sixes R iver,  i n  
the Eck ley area, and near t he mouth of  Shasta Costa Creek near Agness (Di l ler,  1 903) . The  seam a t  Shasta 
Costa Creek is 4 to 6 feet th ick , and attempts to mine it commerc ia l ly were fi rst made near the turn of the 
century . The operat ion was not profitab l e ,  and it appears that commerc ia l exp loitation of the deposits 
today is  not poss ib l e .  

T h i n  seams o f  coa l are a l so exposed loca l ly i n  nearshore fac ies o f  the Lower Cretaceous sed imentary 
rocks. Th icknesses average about one foot in parts of the Rocky Poi nt Formation at Coa l Point a few m i les 
south of Port Orford . The deposits have no commerc ia l  s ignif icance . 

Oi l and gas 

T he format ion of recoverable o i l  or gas in nature requires l )  the accumu lat ion of carbonaceous mate­
ria l  in fi ne-gra i ned source beds,  2) the presence of coarser gra ined porous reservoir rock upstructure , and 
3) a structura l or stratigraph ic  trap to confi ne the migrat ing oi l or gas i n  the reservoir rock . Many of the 
most product ive o i l  fie lds of the wor ld are assoc iated with basi ns hav ing a h istory of rapid depos i t ion and 
subsidence . The weight of t he sed iments accumu lating in the center of the basi n  i n  the geolog ic  past 
squeezed the oi I i nto the reservoir rock,  where it was trapped by surround ing structures . 

The pre-Tertiary rocks of the study area are not suitable in terms of o i l  exp loration for severa l reasons 
i nc l ud ing l )  metamorphism after deposit ion, 2) inappropriate environments of deposit ion , 3) impermeabi l ity, 
and 4) thrusti ng ,  shear ing ,  and other manners of deformation that have broken the rock into sma I I  structura l 
pieces , Parts of t he Rocky Point Formation , however, may have mi nor potent ia l  for oi l and gas . 

T he geo logic h i story of the Tert iary rocks on the cont inenta l she l f  differs from that of the o lder rocks 
on the mai n land . Recent ly the she lf  has become subject to systematic i nvestigat ion by oi l companies, the 
U .  S. Geologica l  Survey , and the Department of Oceanography at Oregon State Univers ity . Research has 
inc luded geophysical  i nvest igations and sed iment samp l i ng .  McKay ( 1 969) has tentative ly corre lated off­
shore bedrock units,  defi ned by their se ismic propert ies , to bedrock units exposed onshore i n  t he Cape 
B lanco-Coos Bay area . A large , l i near offshore bas in  betwee n Bandon and Cape B lanco is fi l led with a 
th ick deposit of Miocene and P l iocene sediments :md may have potent ia l  for oi l and gas production . The 
l ate Tert iary section offshore is genera l ly th icker and more extensive than that onshore , a feature which 
contributes to the attract iveness of the she l f  i n  terms of oi l  potent ia l , 

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 soi l beneath the land surface . T he top 
of t he zone of saturat ion ,  ca l led the water tab le , conforms in a genera l way w ith topography ,  so that it i s  
re latively near the surface i n  depressions and rises beneath ridges . Perched water tables are loca l ized 
zones of saturation resting upon impermeable materia l but s i tuated above the regional water tab le  and 
separated from it  by aerated materia l ,  Porosity and permeabi l ity are key cons iderat ions i n  determin ing 
the capab i l i ty of geo log ic  materia l s  to hold and transmit ground water . 

Porosity is the percentage of open spaces per unit vol ume . Open spaces i nc l ude pore spaces (ope nings 
between gra ins) , fractures, and joints , The size , number, and arrangement of these open spaces is dependent 
upon shape , s ize , mi nera l const ituents , and arrangement of the part i c les that make up the so i l  or the rock, 
as we l l  as composit ion a l teration and deformation of the rock or soi l .  

Permeabi I ity is the potentia I to transmit water and is dependent on porosity , the size of the pore 
spaces , and the degree of i nterconnection between the pore spaces. "The coeffic ient of permeab i l ity is  
the rate of f low (ga l lons per day) t hrough a square foot of cross sect ion under a hydrau l ic gradient of 1 00 
percent at a temperature of 60° F . " (To lman ,  1 937) .  

Specifi c  capacity i s  a more accurate measure o f  t he capacity o f  a we l l  to produce water over a pro­
longed period of t ime and is determ ined by d iv idi ng we l l  product ion (ga l lons per minute) by the drawdown 
(drop i n  water tab le as water is produced) in feet . Materia l s  such as sand wi th  a re lat ive ly high porosity 
and permeabi l i ty has a h igh speci fi c  capacity . In contrast , joi nted bedrock may have high transm itt ing 
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potentia l s  loca l ly ,  bu t  may have a low spec ifi c  capac ity . Li kew ise , c l ay may have high water content 
but may have low transmitti ng potent ia l  and hence a low spec i fi c  capacity . 

I n  areas where the geo log ic mater ia ls are both porous and permeab le ,  and where hydrau l ic gradient 
is  sufficient to generate f low , the ground water i s  i n  constant mot ion . Prec ipitat ion is absorbed i nto the 
soi l ,  perco lates to the water tab le , and f lows s low ly down-gradient to a po int of discharge . Th is type of 
ground-water system can produce water w ith fa ir ly constant chem ica l  c haracter ist ics and low temperature 
and is genera l ly a h ig h ly desirab le  resource . Because of loca l and reg iona l variat ions in geo log ic  cond i­
tions, however,  ground-water qua l i ty and  avai l ab i l ity vary considerably i n  the  study area . 

Water-we I I  records are on f i l e  at the State Department of Water Resources i n  Sa lem and are on f i l e  
at the Office of  the U.  S .  Geolog ica l Survey in  Port l and . Pub l i shed reports i nc l ude Oregon Water Resources 
Board , ( 1 959, 1 963) . 

Distribut ion 

Potentia l for ground-water production is low in the up lands , l ow to moderate on most of the terrace s ,  
and moderate to  very h igh  loca l ly i n  the low lands . Wi t h i n  each landform ground-water production varies 
somewhat i n  yie l d ,  drawdown ,  and other characterist i cs dependi ng on the loca l geo logy . Bas ic  data for 
representative water we l l s throughout western C urry County is summarized on Tab l e  1 3 . 

Up lands: Ground-water potent ia l  is low i n  t he up lands,with we l ls genera l ly produc ing less than 1 0  
ga l lons per minute . Aqui fers are sporad ic  i n  d i str ibut ion and many we l l s are dry . T here i s  no regiona l 
water tab le  i n  the sense of a we I I  -deve loped zone of saturation of regiona I extent . Ground water occurs 
l oca l ly i n  fractures ,  bedding p lanes,  s l ides , and weathered zones and is bounded by impermeable rock 
rather than saturated rock .  

Ground water is  concentrated a long joints,  fractures , and bedding p lanes of  th i ck ly bedded , hard , 
sed imentary rocks ,  which  inc l ude the sed imentary units of early Tert iary age (Ter ,  Tef , Te lg) , t he Dothan 
Format ion (Jd) , the Ga l i ce Format ion (Jg ) ,  the sed ime ntary rocks of Ear ly C retaceous age (K r ,  K h , K jm ) ,  
and t he  sedimentary rocks of Late Cretaceous age (K uh , K uc) . Production i s  genera l ly a few go  l ions per 
minute in these units (Tab le  1 3) .  Storage capacit ies are low and drawdown i s  gen era l ly large . 

Ground-water potent ia l i s  h igh ly irregu lar i n  the Otter Poi nt Format ion ow i ng to the marked varia­
t ions of l i thology , structure , s l ide s ,  and shear ing with i n  the unit . Ground water is most abundant i n  the 
sheared bedrock and s l ides of the northern part of the County . In p laces ,  marshy side s lopes are deve loped 
i n  reg ions of ground-water discharge . Ground-water  potent ia l  is very low in the unsheored rocks mopped 
as Otter Point Format ion south of C rook Poi nt . Production and spec i fic capacit ies for the unit as o whole 
are genera l ly low .  

Ground water occurs a long joints, fract ures , and contacts of the i ntrusive rock un its (Tod , Jpp) , and 
may a lso be present as perched water in zones of deep weather ing . Very l itt le we l l  data are avai lab le  for 
these units . Serpent i nite and pyroxenite are h igh ly impermeab le and ore not considered as favorab le  sources 
of ground wate r .  On f lat r idge crests at Red F lats , perched water accumu lates in the so i l  and rego l i th 
above impermeab l e  bedrock and d ischarges as spr i ngs i n  sha l low cuts and ravi nes . The ground water i s  
very c lose to  the surface and  movement is a l ong joints and other structura l d iscont inu ities . T he potent ia l  
for po l l ut ion i s  h igh  owi ng to  t he  range land use o f  the terra i n .  

T he numerous fractures and joi nts of  t he Co lebrooke Schist provide for t h e  i nfi l trat ion a nd movement 
of re lat ive ly large quantit ies of water . T he unit probab ly possesses t he h ighest potentia l for ground-water 
production of a l l  the up land units .  Spri ngs and seeps are re lative ly common in t he un i t ,  and streams f low ing 
from it appear to hove re lat ive ly un i form flows through the dry summer months . T he few we l l  records t hat 
are present ly avai lab le  for the unit i ndicate yie lds of 5 to 1 0  ga l lons per m inute . 

Terraces: Ground-water production is low to moderate on the terraces , with  y ie lds genera l ly averaging 
20 ga l lons per m inute or l ess . Aquifers are commonly regiona l i n  extent but a l so i nc l ude perched water 
tab les in areas of i ron-cemented sands . On the broader terraces in the Cape B lanco area ,  product ion a lso 
is derived from the gent ly d ipp i ng P l iocene sandstones and grave ls  s i tuated beneath the terrace deposits 
(Cape B lanco State Pork we l l ,  Tab le  1 3) .  



Tab l e  1 3 .  R epresenta tive wa ter w e l ls ,  Curry County , Oregon 

Water-bear ing zones 
W e l l Year Casi ng D epth T h i c k-

location com - Depth D i a . s i :Zel:Jepth to top ness Charoc . 
number *  Owner p leted (feet) (in . )  ( in . )  (feet) Fi nish (feet) (feet) of  mat .  
N E�SW;\: A .  McVoy 1 974 26 6 6 2 1  O pen end 1 8  7 Grovel  
sec . 1 7  (Qo l) 
T39S , R 1 2W 
S E4SW4 A .  H .  Pac e  1 973 35 6 6 35 Perforated 30 5 Grov e l  
sec . 34 25 '-34' (Q a l) 
T40S , R 1 3W 
Sz.SW4 E .  V .  N e lson 1 972 33 6 6 32 O pen end 1 9  1 4  Grave l 
sec . 20 (Q a l) 
T34S , R 1 4W 
S E4SE4 L. Kreutzer 1 973 30 - - - Abandoned 24 1 Sand a nd 
sec . 3 gravel 
T3 1 S , R 1 5W (Qa l)? 
Sec . 1 6  C i ty of 1 96 1  50 1 6  1 6  50 Perforated 2 48 Grove l 
T36S , R 1 4W Go ld Beach 25' -50' (Q a l) 
NW4NW4 Ore . State 1 973 35 6 6 35 O pen end 30 5 Washed 
sec . 20 Hwy . Div . gravel 
T38S , R 1 4W w e l l  no . 3 (Qft) 
NW4NE4 W. Spencer 1 972 24 54 46 24 O pen h o l e  1 8  6 F i n e  sand 
sec . 1 6  (Q mtm) 
T3 1 S , R 1 5W 
S ec . 32 Western 1 970 62 1 2  8 45 P lasti c screen 42 20 F ine  grav e l  
T32S , R 1 3W Bui lders 6" , .0 1 2  s lot (Q m tm) 

42' -62' 
SW4 N E4 W .  Sypher 1 967 50 6 6 42 Johnson 6" 42 4 M ed . sand 
sec . 26 sta i n l ess steel w/si l t  
T30S , R 1 5W . 008 s lot  from (Q m tm) -

42' -46' 
S E4SW4 C .  D .  Watson 1 97 1  36 - 6 35 . 5  Torch perfor- 32 3 . 5  C l ay w ith 
sec . 9 a ted grave l  
T32S , R 1 5W 26 ' -34 . 5' streaks 

(Q m tm) 
S E4SW4 C .  Chapman 1 958 27 8 8 23 Perforated - - (Q mtm) 
sec . 4 1 5 ' -23' 
T41 S , R 1 3W 

Water l eve l 
Ft . Dote 
1 1  3/ 1 5/74 

1 7  1 0/ 1 0/73 

9 6/28/72 

20 4/ 1 1/73 

2 Apr . 1 96 0  

1 8  4/30/73 

1 8  3/27/72 

42 1 2/ 1 1/70 

22 7/3/67 

' 

1 9  9/ 1 1/71 

1 7  1 0/7/58 

Performa nce 
Draw-

Yi e l d  
(gpm) 

20 

1 5  

1 2  

2 . 0  

2 , 200 

20 

8 . 0  

20 

down 
(feet) 

2 

8 

1 

Tota l 

2 2 

2 

6 

1 0  

4 . 5  Tota l 

1 3  Tota l 

5 -

Use 
Domes . 

Domes . 

Domes . 

Pub l i c  

Domes . 

Domes . 
' 
i 

Domes . 

Domes . 

Domes . 

Domes . 

0.. 
0 

s;: 
z 0 
c l/) m 
G) 
m 
0 
I 
0 
G) 
-< 
0 
, 
n c 
;;o 
;;o -< 
n 
0 c 
z 
--f -< 



Table  1 3 .  Representat ive water w e l ls,  Curry County , Oregon (cont inued) 

Wel l 
location 
number* 
sw-4SW-z. 
sec . 9 
T41 S , R 1 3W 
N E-z.NE-z. 
sec . 3 1  
T32S , R 1 5W 
NW-z.SW-z. 
sec . 1 
T32S , R 1 6W 
S ec . 1 2  
T32S, R 1 4 W  

N E-z. N E-z. 
sec . 1 9  
T35S , R 1 1 W  
SW4NW-z. 
sec . 1 6  
T35S , R 1 4W 
S E4NE-z. 
sec . 1 3  
T37�, R 1 5W 

Owner 
A .  E .  Mi k -
kel sen 

F .  Roe 

Cape B lanco 
S tate Park 

U . S . D ept . l n t  
(B LM) Sixes R .  
Rec . s ite 
l n t ' l Growth 
Cor p . 

Ted Swartz 

W .  Dubbs 

Year 
com - D epth D i a . 
p leted (feet) (i n .) 
1 962 26 8 

1 972 1 04 6 

1 97 1  1 74 6 

1 963 60 6 

1 973 360 6 

1 972 80 6 

1 970 52 6 

S i ze Depth 
(i n . )  (feet) 

8 26 

6 1 04 

6 52 

6 2 1  

6 36 

6 80 

6 532 

* See Appendix E for diagram of w e l l-numbering syste m . 

F in ish 
Perforated 
1 8 ' -26 ' 

O pen ho le  

O pen h o le 

O pen end 

O pen hole  

Perforated 
50' -70' 

Perforated 
37' -52' 

Water-bearing zones 
D epth Thick-
to top ness Charac . 
(feet) (feet) of mat . 

1 7  9 Med .  to l ge 
gravel 
(O mtm) 

97 7 Sand a nd 
gravel 
(O mtm) 

1 35 - Sandstone 
(O mtm/Tmp) 

Sha l e  bed-
roc k 
(Kh? ) 

260 2 Sandstone 
(KJm) 

52 - Sha l e ,  
frac tured 
(Q ft?/Jop) 

40 - B la c k  sha l e  
(Jop) 

-

Water l evel  
F t .  Date 
1 8  8/24/62 

49 1 2/6/72 

28 5/3 1/71 

7 7/25/63 

6 1  8/ 1 6/73 

38 8/7/72 

43 9/9/70 

-- - -

Y i e l d  
(gpm) 

1 8  

1 3  

20 

2 

1 0  

3 . 5  

2 . 5  

Draw ­
down 
(feet) 

3 

23 

8 

3 1  

3 1 0  

42 

Tota l 

- --

Use 
Domes . 

Dom es . 

Pub l ic 
park 
supply 
R ec . 
s i te  

Domes . 

Domes . 

Domes . 

3: 
z m ;::o )> 
r­
;::o m Vl 
0 c 
;::o 
() m Vl 

o-
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I n  the terrace depos its , ground water occurs i n  permeab le horizons overlying cemented zones or 
impesmeable bedrock . We l l  depths are genera l ly 50 feet or less, and the thickness of water-beari ng 
zones is genera l ly less than 1 0  feet . Drawdow ns are variab le between 3 and 25 fee t .  Po l l ut ion of ground 
water is  a major potent ia l  prob lem on the Harbor Bench , where rapid urbanization and waste disposa l may 
become i ncompat ib le , and a l so loca l ly in the Port Orford area,where ground water is  perched at sha l low 
depths above impermeable horizons . 

Terraces of reg iona l extent ,  such as the Quaternary midd le mar ine terrace unit  (Qmtm) , are the 
most productive . Higher marine terraces with  their sma l ler extent , greater degree of conso I idation, and 
more extreme d i ssection by streams probably have re lative ly low ground-water potent ia l .  On  the terraces 
of coarse-gra ined f l uvia l  mater ia l  a long major r ivers and streams , suc h as t he Rogue and Chetco Rivers , 
the potentia l for domestic  product ion of ground water is very good ow ing to h igh permeabi l it ies and storage 
capac it ies . The potentia l for production on river terraces is correspond ing ly less for terraces of sma l ler 
size and less sand and grave l content . The many farms and residences scattered a long the va l leys of most 
streams are i nd icat ive of genera l ly good ground -water potenti a l  on the f luvia l terraces . 

Low lands: The potentia l for ground-water product ion is low to moderate i n  t he low lands and is very 
h igh  loca l ly i n  the channe l grave l s  of ma jor rivers and streams . T he low land deposits are unconso l idated 
and the supp l ies of water,  permeabi l i t ies , and specif ic capaci t ies  of g iven we l ls are c lose ly re lated to the 
gra in-size d istr ibution of the deposits rather  than to jo int ing or fractures as in the bedrock units of t he up­
lands . 

Channe l grave l s  and sands are coarse-gra ined and have a high proportion of interconnected voids . 
Specific capacit ies are h igh; t he c i ty of Gold Beach we l l ,  for examp le , produces 2 , 200 ga l lons per mi nute 
from a l luvium adjacent to the Rogue R iver.  High rates of production from channe l grave l s  of lesser streams 
may not be feasib le owing to the potent i a l  adverse impacts on tota l stream f low and on fish runs . 

Sma l l  to moderate supp l ies of ground water are avai lab le from t he dune sands for domestic or recrea­
t iona l use . Ma jor areas i nc l ude dunes at the mouth of the P istol R iver, beach and dune areas north of 
F loras Lake , and accreted sand areas on e ither side of the mouth of the Rogue River . At the latter two 
loca l i ties , where the sand deposits are genera l ly 50 feet thick or l ess a nd near sea leve l ,  characterist ics 
of t he sa l t"Water boundary i n  t he subsurface are undefined . At the P isto l River loca l ity , no large quant it ies 
of ground water are apt to be prese nt . T he sand l ies above sea leve l and fresh water probably is discharged 
in a series of springs . There are no th ick deposits of sand s ituated be low sea I eve I where large quanti t ies 
of fresh water can accumu late and be stored agai nst a hydrau l i c  dam of sea water as in  the Coos-Umpqua 
Dunes north of Coos Bay . 

Most we l l s deve loped i n  the low lands are located on a l l uvium away from major drai nages and produce 
20 ga l lons per m inute or less . Produc i ng hor izons genera l ly are grave l or sand and grave l .  Permeab i l i t ies 
of fi ner grained materia l s ,  such as si l t  and c lay , are far too low to a l low s ignificant product ion. Draw­
downs in t he a l l uv i um are genera l ly 1 0  feet or less . 

Water qua l i ty 

Water qua l i ty i n  the upl ands is genera l l y good . Possib le  prob lems i nc l ude re lative ly h igh iron content 
in waters der ived from serpe nt i n ites and schists ,  and high concentrat ions of hydrogen su lph ide in waters 
associated w ith coa l beds in Eocene or o lder sedimentary rocks . Hydrogen su lph ide reported in  t he we l l  for 
t he Sixes R iver Recreat ion S i te is d i ff icu l t  to i nterpret on a pre l iminary basis  i n  terms of bedrock geology , 
which i nc l udes rocks of the Otter Point Format ion and serpenti nite . Where water occurs i n  the soi l or at 
sha l low depths i n  weathered bedrock, as in serpentinite , po l l ut ion from septic  tank dra in  fie lds or range-
! and use is  a hazard . 

Ground-water qua l ity of the terrace units is genera l ly good , wi th  the except ion of m inor prob lems 
loca l ly .  A few cases of high ·iron contents and s l ight ly ac id waters are assoc iated w ith  iron-cemented 
layers in t he subsurface of the Quaternary m idd le marine terrace depos its (Qmtm) from Port Orford north­
ward to the County l ine . F lammable gases have been reported in  peat deposits on the Quaternary midd le 
mar ine terrace unit (Qmtm) at severa l loca l it ies i n  the Brookings-Harbor area and in a we l l  near Cape 
Sebast ian . Pol l ut ion from drain-fie ld  sewage eff l uent may contaminate perched water i n  terrace deposits 
and may a l so consti tute a major threat to water qua l i ty i n  areas of rapid  nonsewered urban deve lopment 
such as t hat occurrng on parts of the Harbor Bench .  



M I N E RA L  R E SOURCES 

Tab l e  1 4 .  Drinki ng-water standards defi ned by the U . S .  Pub l i c  
H ea l th Service,  1 962 

Consti tuent 
Fe (I ron) 
Mn (Manganese) 
S04(Su I fate) 
C l  (Ch lori de) 
F l  (F luori de) 
N03 (Ni trate) 
As (Arsen ic) 
Disso lved so l ids 

Recommended 
l i mi t ppm 

0 . 3  
0 . 05 

250 . 0  
250 . 0  

0 . 8-1 . 7  
45 . 0  

0 . 01 
500 . 0  

Max imum a l lowab l e  
l i m i t  ppm 

1 1 .6-3 .4  

0 . 05 

1vari es i nversely wi th mean  annua l temperature 

Tab le  1 5 .  Water qua l i ty of sel ected munici pa l  w e l l s ,  Curry County ,  Oregon* 

Date . . . . . . . . . . . .  
Turbidi ty . . • • • . • .  

Tota l so l ids . . • . . .  

Volat i l e  so l i ds . . . .  
Carbon diox ide . . .  
pH . . . . . . . . . . . . . .  
Tota l a lka l i n i ty . . .  

(CaC03) 
Hardness (CaC03) 
Ca lc ium . . . . . . • . .  

Magnesium . . . . . . .  
Tota l i ron . . . . . . . .  
Manganese . . . . . . .  
Arsen ic  . . . . . . . . . .  
Conductance . . . . .  
Ch lor ides . . . . . . . .  
Sodium . . . . . . . . . .  
Potassium . . . . . . . .  
F luoride . . . . . . . . .  

Wood water 
system 

1/2 1/66 
2 .4 

66 
3 1  

2 . 8  
6 . 8  
9 

21 . 6  
3 . 28 
3 . 26 

. 02 

.0 1  

. 005 
350 

1 3 . 8  
9 . 2  
2 . 3  

. 09 
Phosphates (so lub l e  ortho) .0 1  
Su l phates . . . . . . . .  6 . 2  
S i l i ca . . . . . . . . . . .  1 5 . 0  
A luminum . . . . . . .  . 01 
N i trogen , ammonic . 32 
Ni trogen , n i tri te . 0 1  
N i trogen, n i trate 1 . 20 
Source . • . . . . . . . .  Surface 

stream 

Go ld 
Brookings Beach 
9/2/70 4/1 5/54 

1 5 
68 84 
1 7  -

1 . 6 6 . 1 
7 .4  7 . 2  

1 9  0 

1 7. 4  39 . 0  
2 . 2  7 . 4  
2 . 6  3 . 4  

. 06  . 2  

. 02 0 . 0  

. 005 -

- -

8 . 7  8 . 7  
1 5 . 0  1 5 . 0  

- -

0 . 00 0 . 0  
. 05 . 05 

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

. 04 . 04 
- -

- -
- -

Ferry Rogue 
Creek River 

Lang lois 
5/22/54 

1 
90 

-

1 . 5 
7 . 5  
0 

1 6 . 0  
2 . 9  
3 . 1  

. 1 2 

. 05 
-

-
9 . 0  

1 6 . 0  
-

. 3  
• 1 

3 . 0  
41  

0 
-

-

-
F loras 
Creek 

Port 
Orford 

4/1 3/54 
2 

90 
-

8 . 0  
6 . 4 
0 

1 5 . 0  
4 . 2  
3 . 7  

. 1  

. 05 
-

-

20 . 0  
-

-

. 1 0 
0 
6 . 7  
6 . 6  

. 02 
-

-

-
Hu bbard 

Creek 
* 

Data provided by Oregon Department of Human Resources ,  Publ i c  H ea l th Division 
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Low land deposits of ground water i n  dune areas may be threatened by sa l t-water i ntrusion i n  areas 
of appropriate hydrology . However, to date th is consideration is primari ly academic owi ng to l im i ted 
deve lopment of the resource and to the fact that most dune sand (Pistol R iver area and others) rests on bed­
rock which l ies above sea l eve l .  Sa l t-water i ntrusion w i l l  become of  greater concern i n  the future if  
accreted sand areas a round jett ies should be tapped for ground water . Aquifers i n  a l luvia l depos its immed i ­
ate ly adjacent t o  streams and i n  hydrau l i c  cont i nu i ty with  them w i l l  ref lect any adverse qual i ty problems of 
the streams . Inc l uded are mun icipa l  we l l s i n  channe l grave ls,which provide much of the water to urban 
areas. Comparison of ava i lab le data on these we l l s (Tab le 1 4) to drink ing water standards adopted by the 
U .  S .  Pub l i c  Hea l th  Serv i ce (Tab le 15 )  shows that a l l  channel depos i t  we l l s met or exceeded a l l standards 
and requirements at the t ime of test ing . 

Planni ng considerat ions 

Management of t he ground-water resource shou ld  be directed toward the mu l t ip le  goa l of 1 )  max i­
m iz i ng the use o f  t he  resource , 2 )  min im iz ing the adverse effects of withdrawa l ,  and 3 )  ma inta in i ng or 
improving the qual ity of t he ground water .  P lann i ng for deve lopment shou ld be based on recognit ion of 
t he l im itat ions of the ground-water resource as defined above and on the k i nd and amount of deve lopment 
i t  can support . 

Sha l low supp l ies of ground water shou ld  be used with  caution to avoid po l l ution from surface and 
near-surface d i sposa l of wastes .  I nc l uded are the ground-water occurrences i n  serpenti n i tes and the perched 
water of the Quaternary middle marine terrace unit (Qmtm) . 

Future sources of ground water i nc l ude modest supp l ies i n  t he dunes near the mouth of t he Pistol R iver, 
i n  the Colebrooke Schist, in the areas of accreted sa nd near jett ies, and in channe l grave l s  of t he various 
streams.  Potentia l problems inc lude sa l t-water po l l ution of the water in the accreted dunes, i f  the sa l t-water/ 

. fresh-water i nterface is poor ly defi ned or mu I t ip  le , and the adverse impacts of ground-water wit hdrawa I from 
the channe l s  of sma l l er streams dur i ng per iods of low flow . 

Designs and p Ions for future we l is shou ld  be based on a considerat ion of past we l i s on any g iven land­
form or rock unit (Tab le 1 3) .  

T he proper spac ing ,  construction,  and location of we l ls are overseen by the Department of Env i ron­
menta l Qual ity ,  the State W ater Resources Department,  and County offic ia l s .  T he danger of overwithdrawa l 
or contaminat ion w i l l  be of i ncreasing concern in the study area as deve lopment conti nues . I nfectious hepa­
t it i s  commonly occurs after the first periods of heavy rain in western Coos and Doug las Counties i n  areas of 
unsewered c l ustered deve lopments s im i lar to those on the Harbor Bench . It i s  postulated that during the ra i ny 
season perched and ponded water on the terraces moves latera l ly at sha ! low depths to enter the deeper water 
tab le  a long i mproper ly sea l ed or constructed we l l  casi ngs or other avenues . Bacter ia derived from sept ic 
tanks a nd pasture land trave l s  w ith  the water to enter the sources of domest i c  water . 
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GEOLOG IC HAZARDS 

Geo logic  processes of concern to the p lanner are mass movement , ocean f lood i ng ,  wave erosion 
a nd depos i t ion,  sl ope erosion , stream flood i ng ,  and stream erosion and depos i t ion , Where these processes 
adverse ly affect the activit ies of man or t hreaten h is safety or we l fare they constitute geo log i c  hazard s ,  
Each hazard is  characterized by a unique d istr ibution and unique sets o f  causes and impacts . Recommenda 
t ions for treatment or mit igation are based upon a considerat ion of t hese , and are flexi b le to a l low for 
variat ions in  soc ia l ,  po l i t ica l ,  and economic sett i ngs .  T he distribut ions of geolog i c  hazards based upon 
reconnaissance i nvest igat ions are i nd icated on the accompany ing geologic hazards maps . 

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

Genera l 

Mass movement i s  the movement of rock or soi l materia l downslope i n  response to gravity . As sum­
marized on Tab le  1 6, various k i nds of mass movement are recognized on the basis of 1) type of movement , 
2) rate of movement , 3) type of materia l, and 4) water content . Treatment of spec i fic s I ides must be keyed 
to these parameters . Hence , i n  a genera l way the recognit ion of the type of mass movement is a key step 
i n  dea l ing w ith th is  hazard . 

On steep to very steep s lopes,  p lanes of fa i l ure are genera l ly para l l e l  to the surface of the s lope . 
Rock fa l i s and rocks I ides occur on near-vert i ca I s lopes . Debris s l ide s ,  debris ova lanches , a nd debris f lows 
occur on less extreme s lopes . Where a debris s l ide d isaggregates i nto severa l p ieces i t  i s  termed a debris 
ava lanche . W here high-water content promotes f low ing moveme nt it is termed a debris f low . Because 
steep-s lope fai l ures genera l ly i nvo lve sha l low depths , t he i r  recogn it ion in reconnaissance i nvest igat ions 
in t hick ly vegetated terra in is  not poss ib le . On the geo logic  hazards maps, areas of very steep s lope are 
i nterpreted as ge nera l areas of steep-s lope fai l ure potent ia l .  

On moderate ly steep s lopes , surfaces of fai l ure are genera l ly not para l l e l  to the surface of the s lope , 
but rather are concave i nto the s lope . Major types of mass movement i nc l ude s l ump (rotat iona l fai l ures 
about a curved basa l s l ip p lane)  and rap id to s low earthf low . Because these fa i l ures genera l ly i nvo lve 
moderate to g reat depths, most of these s l ides are easi ly recogn ized on a site bas i s  using topography as a 
g uide . I n  reconnai ssance studies suc h as th is  one , however ,  recogni tion is commonly more i nterpretative 
and is a l so based upon a cons ideration of rock unit , s lope , topographic sett ing , and other factors , Where 
mass movement is  s low or sha l low , or where s lope eros ion a l so is  s ignifi cant , recognit ion is d i ffi cu l t . 

Soi l creep i s  the random , part ic le-by-part ic le movement of so i l  and rock materia l downs lope i n  
response to gravity and to  other externa l factors i nc l ud ing animal  activity, freeze-thaw expansion and 
contraction, wet-dry expansion and contract ion , and root action . T he randomness of movement, the l ack 
of shear p lanes , and the contribut ion of externa l forces besides grav i ty d ist i nguish creep from the other 
forms of mass movement , Creep is sha l low and occurs on convex to stra ight s lopes . The s ignificance of 
true creep to s lope evo l ution is re l at ive ly m inor compared to other processes (K i rkby , 1 967); however, 
wi th  t ime creep does over load s lopes to generate other types of mass movement .  Creep and s low ,  sha l low 
earthflow common ly are c lose ly  associated on moderate s lopes . 

Causes 

Mass movement occurs on s lopes where the downs lope component of gravity exceeds the shear res ist­
ance . In areas where s l i des are undesirabl e ,  therefore , the act ivit ies of man should be contro l led to 
assure that the downslope component of grav ity is m i n im ized and that the shear resistance is maximized , 
or at least is ma i ntained . 



Table 16.  Classification of mass movement, Curry County, Oregon 
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Downs lope grav ity component: Weight of  the soi l  column is  i ncreased by  the p lac ing of  fi l l  for 
road construction or other purpose s .  I ncreased water content of the soi l during the w inter rai ns adds to 
the downslope grav i ty component of the soi l .  Obstructions to runoff, such as improper ly  designed roads,  
commonly direct surface water i nto the subsurface where it adds to the weight of t he soi l  col umn . Debris 
flows and earthflows may resu l t  on steep and moderate ly steep s lopes respectively . It is doubtfu I ,  however ,  
w hether i ncreased soi l moisture assoc iated w ith  logging has  a measureable impact on  s lope stabi l i ty .  S l ides 
genera l ly occur in t he w inter when soi ls eve n under forest cover are saturated . Other factors discussed 
be low are probab ly more s ignif icant i n  logged areas, 

Mode l s  of s lope fa i l ure presuppose that the we ight of the soi l col umn is perpendicu lar to the Earth ' s  
surface , Where nearby b last i ng i s  a factor , a horizonta l acce leration is  i ntroduced a long w i th  t he acce l ­
eration o f  gravity to produce an i nc l i ned di rection of acce leration for t he soi l  co l umn .  T he net resu l t  i s  
the same a s  i f  the s lope were i ncreased . For more di stant b l ast ing and for earthquakes of  the magni tude 
possib le in the study area , the effect of reoriented acce leration is secondary to other factors of s l id ing , 

S hear resistance : Under saturated condit ions water i n  the soi l  buoys up the so i l  part ic les,  reduces 
i nterna l frict ion, and thereby reduces shear res i stance . Thus, where so i l  water is i ncreased to the poi nt 
of saturation by ra i nfa l l  or drai nage i nterference, the net resu lt  is to decrease shear resistance . Under 
condit ions of heavy ra i n , infi l tration may exceed the rate of subsurface dra i nage so that the l iquid l im i t  
of the soi l i s  actua l ly exceeded (Campbe l l , 1 975) . Debris f lows i nvo lv i ng th i n  soi l s  or  pockets of co l l uv ium 
over impermeable bedrock can be attri buted in large part to these factors . 

Cohesion , the bonding attraction of soi l  part ic les, varies with soi I type and water content . S i l ts, 
for examp le ,  have low cohesion when dry , moderate cohesion when damp, and no cohesion when very wet; 
I iquefact i  on characterizes saturated si Its when di sturbed . C lays, on the other hand , may accommodate 
extreme ly large quantities of water before gradua l ly reach i ng their I iquid I im it . Other factors a ffecting 
cohesion i nc l ude shri nk-swe l l  phenomena such as frost action and periodic wetti ng and dry i ng.  Cementa­
tion is  commonly regarded as a spec ia l  form of cohesion . Where weathering extends to considerab le  depths 
on gentle s lopes or f lat terra i n, low cohes ion a long cr it ica l  hor izons may in i tiate s l id i ng i n  deep cuts , S l ides 
a re common where pronou nced beddi ng p lanes dip steep ly i n to canyons or art i fic ia l  cuts . 

Other factors which  contr ibute to shear resistance i nc l ude i ndependent means of support and the 
d istr ibution of soi l  on the s lope . Root support by trees is now recognized as a primary agent of stabi l i ty 
on forested s lopes .  Root support decl i nes rapid ly a fter logg ing and many s l ides in  logged areas are attri b­
uted to loss of root support through decay . Remova l of t he toe of s l ides through wave erosion, stream­
bank erosion, or improper grad ing may i n it iate s l ides on s lopes of any grad ient . Logging roads common ly 
undercut s l ide materia l  on steep s lopes; deep cuts on moderate s lopes common ly i ntersect cr i t ica l  joi nts 
in bedrock to i nitiate rockfa l ls ;  and cuts on f lat terra in  often resu lt in cavi ng of weathered bedrock . 

Distribution 

The distr ibut ion of the various types of mass movement is summarized on Tab le  17 and is  ind icated 
on the geo log ic hazards maps . The d istri bution of steep-slope fa i l ures is i nd icated only in a genera l way 
by reg iona l s lopes greater than 50 percent owi ng to the sma l l  s ize of many of the s l ides and the extreme 
d i fficu l ty of recogniz i ng such hazards in reconnaissance i nvest igations. Earthf low and s l ump topography 
is i ndicated for areas of greater than approx imate ly 20 acres extent and can a l so be i nferred for areas of 
head land and sea c I i ff retreat . The term "earth flow and s l ump topography " refers to areas for which earth­
f low and s l ump are inferred on the basis of dra i nage, s lope characteristics, geology , structure , stereoscopic 
photo i nterpretat ion,  and avai lab le fie ld ev idence (F i gure 1 7) .  Deta i led fie ld  i nvesti gat ions for a l l  areas 
of earthf low and s l ump topography were not made , and not a l l areas of i nferred earthflow and s l ump topog­
raphy are act ive ly undergoing mass movement at the present t ime • .  Many such areas are present ly stab le . 

Rockfa l l ,  rocks l ide , debris s l ide , debris ava lanche , and debris  f low occur on s lopes of approximate ly 
1 00 percent (45° )  or greater . Regiona l s lopes i nd icated on the hazards maps are considerably less owi ng 
to the averaging effect of the sma l l  sca le and the large cont our i nterva l .  Bedrock units genera l ly consist 
of unsheared , hard pre-Tertiary formations. Geograph ica l ly,  fa i I ures of steep s lopes and very steep s lopes 
are most common i n  the Pearse Peak and Mount Emi ly areas and a long sea c l i ffs and headlands (F igure 1 8) .  
North of Agness, bedding-plane s l i des o n  steep ly dippi ng exposures o f  the Looki ngg lass Formation are common. 



Tab le  1 7 . Distri buti on of mass movement, Curry County, Oregon 

Type 
Rockfal I 

Rocks I ide 

Debris 
s l ide 
Debri s 
ava lanche 
Debris 
f low 
Rapid 
earth f low 

S low 
earthflow 

S lump 

Creep 

S lope 
Verti ca l Tonea-r-verfical 
s lopes; most pronounced i n  
areas o f  stream-bank ero­
sion, scarp retreat ,  or wave 
erosion 

Steep s lopes; genera l ly 
50- 1 00% regiona l s lope 
and 1 00% loca l s lope 

Moderately steep s lopes; 
genera l ly 20-500/o regiona l 
s lope; 1 000/o s lopes loca l ly ,  
especia l ly wh ere there i s  
active undercutting 

S ign i ficant on many steep 
to moderately steep s lopes 

1 See s lopes on geo log i c  hazards maps 
2See geo logic  maps 

Rock un its2 
Very hard pre-Tertiary bedrock i ncludi ng 
J g ,  J pp ,  K h ,  Kr , Kuh ,  and Kuc;  favored 
by jo int i ng and absence of pervasive 
sheari ng 

Hard p re-Tertiary bedrock i nc luding parts of 
J g ,  J pp ,  Kh , Kr ,  Kuh , and Kuc; common ly  
i nvo lves soi I formed under forest cover wi th 
benefit of root support; a l so areas of co l lu­
vium character ized by  sporadic  episodes of 
movement and quasi -stapl_li_!t_ 
Sheared pre-Tertiary bedrock i nc l udi ng Jop, 
and a long l i near sh ear zones in Jop ,  K h ,  Kr , 
and i n  area of comp lex ly sheared serpenti ne; 
a l so a long retreat ing sea c l i ffs of moderate ly 
hard Tertiary bedrock; deve loped loca l l y  
wh ere· recent erosion attacks th ick  weather­
i ng hori zons 

ATI uni ts ,  especia l ly those w i th soi l cover 
or wi th c lose ly spaced joi nts, bedd ing ,  or 
schistosi ty (Jc )  

Geographi c  distr i bution 
S teepuplands of the upper S ixes River , Elk 
R iver ,  Ch i na Creek, ar.d Euchre Creek; a lso 
canyon of Rogue River and steep canyons of 
centra I and south county, Mount Emi ly  area; 
sea c l i ffs as at Cape Sebastian and oth er areas 
of active undercutting 
Up lands of upper S ixes River,  E l k  R iver , Ch i na 
Creek, and Euchre Creek; canyon of the Rogue 
River; steep canyons of centra l and south county; 
parts of Chetco dra i nage; 
sea c l i ffs and other areas of active undercutting 

Up lands of north county, Hunters Creek, and 
Pistol River dra i nages; 
sea c l i ffs and s lopes in sh eared bedrock espe­
c ia l ly south of Humbug Mtn . ,  sou th of Cape 
S ebastian , and at H oustenader Creek; 
sea c l i ffs of past and present coasta l retreat i n­
c luding Cape B lanco area; 
a lso i nc ludes s lough ing of terrace mater ia l off 
stab le  head lands owing to i nf luence of ground­
water pore pressures 
UniversaT<:ITstribution on slopes of suffic i ent 
g radi ent; passes latera l ly i nto earth f low terrai n  
through zones o f  increasing movement o n  shear 
p lanes; not i ndi cated on hazards map; common 
i n  Chetco dra inage 
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GEOLOGIC HAZARDS - MASS MOVEMENT 

Figure 17 .  Extremely irregu lor topography in the Lookout Rock area 
south of Humbug Mountain indicates deep earthflow and a slump 
resulting from coostal undercutting of sheared bedrock. 

Figure 1 8 .  Coastal undercutting promotes rockfal l  and other steep­
slope fai lures in unsheared bedrock at Humbug Mountain. 
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Earthf low a nd s l ump a�e most common on loc a l  s lopes of 20 to 1 00 per ce nt . Regiona l ly ,  s lopes 
average 30 to 50 perce nt as they appear on the hazards maps . Bedrock units i nc l ude sheared pre -T ert i ary 
units ,  espec ia l ly parts of the Otter Po i nt Forma t i o n ,  most se rpe nt i n i te ,  and sheared coasta I exposures of 
Cre taceous strata . Geograp h i ca l ly ,  earthf low a nd s l um p  topography is common in the up l a nds of nort h 
C urry County , i n  shear zones a l ong the ce ntra l Oregon Coast , and i n  the s heared contact betwee n  the 
Dot han a nd Otte r Poi nt Format ions be tween the upper P isto l R ive r and the Cape Ferre lo area . 

Impacts 

I mpacts of the various type of  mass move me nt vary with  t he type of fa i l ure , t he locat ion with i n  t he 
s l ide , t he degree of activ ity of the s l ide , a nd t he ty pe of deve lopme nt . A pract i ca l unde rsta nd i ng of the 
type s of i mpacts poss i b l e  i s  essent ia l to rea l ist ic p l a n n i ng a nd l a nd management . 

Steep a nd very steep s l ope fa i l ures are ge nera l ly very rapid and catastroph i c . Impacts i nc l ude ex­
treme damage to roads , destruct ion of t i m be r ,  a nd increased turb id i ty and sed i me ntat ion i n  streams . W here 
s l ides prod uce unve getated s l opes of considerab l e  extent , i ncreased erosion l eads to pro l onged de gradation 
of  streams and a l so to t he loss of va l ua b l e  topso i l . . 

T he i mpac ts of earthf low a nd s I ump on moderate ly steep s lopes var ies w i th the depth of fai I ure a n d  
the degree of act ivity o f  t h e  s l ide .  W here act ive ly u ndercut  b y  streams , t h e  ocean , or co nstruc t ion , s l ides 
may destroy bui ! d i ngs or other structures , or warp and d isp lace h i g hways ( F igure 1 9) and roads ( F i gure 20) . 
Parts of t he Houste nader C reek s l ide were d isp l aced 1 65 feet d ur i ng one episode of act iv i ty in 1 958 . G e n ­
e ra l ly ,  howeve r ,  earthflow activ ity does not i nvo l ve more t h a n  a few feet o f  d isp lace me nt per ep isode 
a l ong t he coast . Long stretche s  of U . S .  H i g hway 1 0 1 a lo ng the coast are in need of a l most cont i nu a l  ma i n ­
tena nce as a resu l t  of s l id ing . 

I n  areas of s l ow underc utt ing , rates  of moveme nt on act ive earthf lows are very s l ow a nd may range 
from a few i nches or l e ss to severa l feet per yea r .  T hey are part i c u l ar ly bothersome be cause t hay are usua l l y 
hard to re cog nize , and the i r  effe cts are commo n l y  not experienced for a considera b l e  t i me a fter deve l opment 
has bee n  comp leted . Thus ,  gradua l move me nt may s l ow ly c rack fou ndations,  destroy struct ures,  and warp 
l i near feat ures such as p i pe l i nes a nd roads . Vari a b l e  so i l  a nd 9round -water cond i t ions produced by the 
s l id i ng may l ead to di ffe rent i a l  se tt l i ng , ground -water f lood i ng , a nd septic t a nk fa i l ure . 

Areas of pre h istori c eart hf l ow a nd s l ump wh i ch are prese nt ly i nact ive may a l so ex h i b i t  variab l e  
foundat ion strengt h ,  var i a b l e  so i l  cond i t ions , a nd poor d ra i nage. U p l a nd s l opes i mmed iate ly southwest 
of H arbor s l id d ur i n g  a higher stand of sea l eve l i n  t he l a te P l e istoce ne . N ow fro nted by mar i ne terra ces , 
t he s l opes are no l onger subject to underc utt ing by the oce a n  a nd the s l ides are i nact ive . Loca l  s l ides 
i nto sma l l stream channe l s are common but are not d i re ct ly re l ated to t he i n i t ia l reg ional s l id i ng .  I nstead , 
t hey owe t he i r  ori g i n  to pre se nt-day undercutti ng of bedroc k broken by t he previous per iod of dee p-seated 
s l i d i ng .  

Creep , as d ist i nguished from s low e arthf low (see G enera l ) ,  is re la tive ly i ns ign ifi cant a s  a geo l og ic 
hazard . Genera l l y i t  affects o n ly the upper few feet  of soi  I and weathered bedrock and i nvo lves very 
s l ow rates of move me nt . Structures penetrat ing to sha l low dept hs may be affe cted over pro longed per iods 
o f  t i me . Thus it  i s  somet i mes c ommon to see t he lower few fee t  of  tree tru nks , o l d fe nces , power po les , 
fe nce posts , and tombstones t i l ted dow ns lope i n  areas of so i l  cree p .  The forces beh i nd soi l creep may be 
q u ite l arge and it is  not u ncommon to se e i mprope r ly de s igned or dra i ned reta i n i ng wa l l s cracked by t he 
pressure of the soi I .  

Re comme ndat ions 

Re cog n it ion of pro b l e m  areas w i th regard to mass moveme nt re sts in one ' s  v i ew i ng changes i n  s lope , 
dra i nage , and other fa ctors i n  terms of the i r  potent ia l e ffects on s l ope stabi l i ty .  In areas of previous 
fai l ure landforms are use fu l  g u i des; e l sew he re s l ide pote ntia l must be inferred from rock type , bedd i ng ,  
j o i nt i ng , weatheri ng,and ot her antecede nt cond it ions . 

T he parts of th is study dea l i ng w ith  mass movement are reconna issa nce i n  nature and provide a tool 
for reg iona l p lanni ng . T hey a l so a re gu ides to on-s i te eva l uat ions , but they are not subst i tutes for defi n­
i t ive on-site i nvest igat ions a nd sho u l d  not be used as suc h .  For exa mp le , use of this b u l l e t i n  to d i re ct l y  
de l i neate mass moveme nt areas not su i ta b le for se pt ic  ta nk i nsta l l at ion i s  i nva l id; reg u l at ions o f  t h e  De part -
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Figure 19. Continual movement of massive coastal landslides in west­
ern Curry County is the underlying reason for the dips and swales 
on the coastal highway. 

Figure 20. Slumps of road materia l  are commonly caused by stream under­
cutting, saturation of the fill material, or simply failure of improperly 
placed fi I I  m::1terial .  
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ment of Environmental Quality for septic tonk installation near landslide areas presuppose on-site investi­
gations. 

Regulating development in areas of moss movement requires on appreciation for the many variables 
associated with the causes and impacts of sl ides, the types of development that may be proposed, and 
community needs. A range of options is needed to deal with the hazard and may include 1 )  a bon on most 
or o i l  development in extremely critical areas, 2) a general grading code to minimize sliding in develop­
ments on previously stable areas as well as on landslide terrain, and 3) general requirements for the prep­
oration of appropriate engineering geology reports where necessary . The need for actual reports in specific 
areas can be decided either on the local level or the regional level by the appropriate governmental bodies 
(e.g. County Planning Commission or statewide planning agency respective ly}. In either case, the decision 
should be keyed to the actual conditions on the ground. 

Four basic engineering techniques ore available for the treatment of specific slides. They ore 1 )  
unloading the head of the slide, 2) loading the toe of the slide or controlling it with buttresses or retaining 
walls, 3) removing water from the slide or otherwise controlling infiltration, and 4) shifting the surface of 
fai lure to greater depths. The specific causes of the individual slide (see �) must be determined and 
the method of treatment should be selected and adjusted to fit the problem. To prevent the initiation of 
new slides on previously stable slopes, basic grading practices such os those outlined i n  the Uniform Building 
Code should be followed. 

Specific methods of dealing with rockfa l l  or rockslide potential in oreos of steep slope may also 
include 1 )  control l ing blasting where vibrations may initiate sliding, 2) screening or scraping of slopeswhere 
there is danger to motorists or other persons below, (Figure 2 1 ) ,  3) constructing properly engineered retaining 
walls ot the foot of active talus where rolling rocks might present o hazard , 4) placing warning signs ot par­
ticularly critical localities along roods, hiking trails, and beach areas, and 5) grouting jointed cliffs when 
necessary. 

Figure 21 . Extreme ly high rockfa l l  danger on ports of the Rogue River 
H ighwoy necessi tote screening to protect motorists. The hazard is 
greatest during the winter months. 
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Speci fi c  methods of dea l i ng with debris s l ides, debris ava lanches , debris f lows , and earthflow and s lump 
may a l so inc l ude 1 )  properly locating roads into bedrock where fi l l  i s  not suitab l e ,  2) adj ust i ng logg ing 
techniques to the requireme nts of the terra in ,  3) control l ing b l ast ing where l i quefaction might i nitiate 
s l id ing ,  4) contro l l i ng stream-bank erosion where i t  undercuts s lopes , 5) control l i ng dra inage . On many 
of the s lower moving s l ides,  cyc l i c  so i l  phenomena such as shr ink-swe l l  or frost heaving may be dominant 
factors in s l iding ,  and proper drai nage cou ld conceivab ly be effective in contro l l i ng s l iding . 

In extreme ly crit ical  areas, where the cost is j ust i fied , a variety of equipment can be used to monitor 
pore pressure , rotation,  s lope noise (B lake , W . ,  and others , 1 974) , and s lope extension . During the s l ide 
season, when maintenance and repai r  work is anticipated , the s l ide areas should first be examined ups lope 
for signs of conti nued activity ,  such as the development of tension cracks. Observat ions should continue 
throughout the mai nte nonce program.  Mai ntenance work is not recommended dur i ng storm activ ity . 
Occasiona l ly a sma l l  s l ide at the base of a s lope is fo l lowed by a much larger s lope fai l ure . An example 
is the s l ide of January 1 974 near Canyonv i l l e ,  which c la imed ni ne l ives . 

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

Genera l 

Ocean flood ing in terms of geolog ic  t ime resu l ts from t i l ting of the Earth ' s  surface or from me l t i ng 
of continental  g l ac iers , which in turn re lease large quantities of water for the ocean basi ns . In Curry 
County , terrace leve l s  provide c l ues to rates of tectonic up l ift .  The e levat ion (approximate ly 1 , 000 feet) 
and probable age (approximate ly 1 m i l l ion years) of the higher terraces suggest a rate of up l i ft of about 
one inch per thousand years . Lower terraces , for which radiometric age dates are avai lable (see Surfic ia l  
Geo log ic Units) , l ie w ithin or  near the poss ib le range of recent eustatic variations of sea leve l and cannot 
be used to estimate rates of abso l ute upl i ft .  The e levation of the lower terraces is  due in l arge part to 
changes in abso lute sea leve l rather than tecton ism . 

F l uctuations of sea leve l i nduced by the growth and retract of continenta l g l aciers dur i ng the Ice 
Age were re lat ive ly rapid compared to ongoing tectonic upl ift . Submerged terraces off the coast of Curry 
County at depths of 300, 2 1 0, 1 50, and 60 feet (K u lm,  1 967) probab ly formed dur ing the fina l retreat of 
the g laciers . Sea leve l has r isen approximate ly 400 feet during the past 1 5 , 000 to 20, 000 years (Curray , 
1 965; Mi l l iman and Emery , 1 968) . An average r ise i n  sea leve l of one foot every 70 years is i nd icated . 
Sea leve l has remai ned re lative ly stab le for the past 5 , 000 years (Curray , 1 965) . Dur ing prior interg lacia l 
periods sea leve l may have been about 50 meters higher than at present i f  a l l  cont inenta l i ce sheets were 
me l ted (Fa irbridge , 1 961 ) .  

Landforms subject to short-term ocean flood ing by tidal act ion, storm surge , or tsunami inc l ude beaches, 
marshes,  coasta l low lands, and low-ly ing i nterdune areas. The highest predicted t ide is  approximate ly 6 
feet above mean sea leve l . The h ighest probable storm surge is 4 to 7 feet above preva i l i ng t ida l e l evations . 
The highest probab le tsunami is approx imately 1 0  feet i n  the mouths of the estuaries and s l ight ly higher on 
head lands and beaches.  Because tidal f looding occurs dai ly , the effect of high tides is superposed on that 
of storm surges or tsunami s  in determining the potent ia l  impact of these phenomena . The s imul taneous occur­
rence of an extreme storm surge and an extreme tsunami is  considered high ly improbable and is  not i nvest igated.  

Tida l  flooding 

Causes: T ides are the per iod ic rises and fa l l s of sea leve l which occur approximate ly two t imes per 
day . T ides are caused by two bulges of water in the oceans formed in response to the gravi tat iona l attraction 
of the Moon and other factors . On the side of the Earth facing the Moon, the gravity of the Moon attracts 
the water to form a bulge ,  and on the side opposite the Moon a simi lar bu lge is  formed in response to cen­
trifuga l acce lera.,ion . The Sun exerts a s imi lar effect on the Eart h 's  oceans, but to a lesser extent (45 per­
cent ) .  The net resu l t  i s  a secondary set of tides superposed on those of the Moon . When the t ides of the 
Sun and the Moon coinc ide (approximate ly bimonth ly) , observed t ides are additive , giv ing extreme tides 
cal led spr ing t ides (approximate ly biweek ly) .  During other a l ignments the tides tend to cance l to various 
extents , giv ing less extreme tidal situations . When the Earth, Sun, and Moon are in quadrature (form a 
right ang le) cance l l at ion is the greatest and gent le  neap tides resu l t .  
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T id a I e levatio'ns: T id a I e levations at specifi c  loca l i ties vary with the re lat ive i nf luence of numerous 
factors inc l ud ing the dec l ination of the Sun and the Moon ' s  orbits to the Eart h ' s  equator , the vary ing 
distances between  the Earth and the Moon and Sun , and the physica l characterist ics of the various ocean 
basins .  I n  the Pac ifi c  Ocean ,  dai ly h igh t ides and dai ly low t ides are unequa l ,  g iv ing rise to the so-ca l led 
diurna l  i nequa l ity .  Thus, a higher and a lower h igh t ide , and a h igher and lower low t ide are recognized . 
Various t ida l  e l evations re levant to naut ica l  chart i ng ,  coastal eng ineer ing ,  and navigat ion are i l l ustrated 
on Tab le  1 8 . A l though the figures apply specifica l ly to Yaqu ina Bay ,  they can be regarded as approximate 
for the study area . 

Mean lower low water is arbi trari ly defi ned as 0 . 0  feet and is the base l eve l of a l l  other tida l e le­
vations . Mean low water marks the boundary between submerged land and tidal f lats . Mean sea leve l  is 
based upon observat ions taken over a number of years and serves as the datum base for topographic maps 
produced by the U .  S .  Geo log ica l Survey . Mean sea leve l varies w ith location and is ha l f  a foot to one 
foot lower in Curry County than suggested on Tab le 1 8 . Know ledge of mean sea I eve I is required to i nter­
re late land e levations and tid a I elevations . Thus an 8-foot tide is  on ly about 4 feet above mean sea I eve I .  

Mean h igh water is  the average of a l l  observed high tides,  and for t he Oregon Coast it i s  approximate ly 
3� feet above mean sea I eve I .  Mean h igher high water is  genera l ly less than a foot above mean h igh water .  
Mean h igh  water is approximate ly equiva lent to o r  s l igh t ly above the ground e levation of  mature marshes 
with we l l -defined dra i nage . 

The highest predicted t ides f lood the h ighest marshes and adjo in ing flood p la ins ,  and the highest 
observed t ides (prevai l i ng h igh t ide p l us storm surge) i nundate the marshes , wash over low-lying dunes, 
and may fl ood other l ow- ly ing areas. Accordi ng to Tab le 1 8  the h ighest t ide i n  Yaquina Bay during the 
observation period was 1 2 . 6  feet ,  or near ly 5 feet above mean high water (the l eve l of high marshes) .  
Over cons iderab ly longer per iods of t ime , max imum observed t ides at  the mouth of the Umpqua R iver were 
about 1 3  feet; adoption of a s l ight ly lower figure for the study area is reasonable pending more prec i se 
determi nations (see Tab le  1 8 - footnotes) .  At the mouths of the C hetco and Rogue Rivers , stream-flood 
e levations are somewhat h igher (see Stream F loodi ng) . 

Impact and recommendations: T ida l action i nundates beaches and marshes , enhances circu lat ion at 
t he mouths of rivers , a ids navigat ion, inf luences sed imentation and deposi tion , and supports a complex of 
biologic activity . Modifications of t ida l f low may i nfl uence these and other processes . A l l construction 
and fi l l s i n  the tidal zone and be low shou ld proceed on the basis of carefu l p lanning and are subject to 
po l i cy statements formu l ated by the Oregon Coasta l Conservation and Deve lopment Commission a nd adopted 
i n  revised form by the Land Conservat ion and Deve lopment Comm ission . Permits are issued by the State Land 
Board and the U .  S .  Army Corps of Engi neers . Hazards associated with tidal f lood ing are discussed under 
Storm Surge . Sedimentary processes associated with t ida l flood ing are discussed under Wave E rosion and 
Deposition . 

Storm surge 

Genera l :  Storm surge i s  t he rise of sea leve l above predicted t ides owing to low barometric pressure 
and w ind .  Loca l  factors i nf luencing the magnitude of storm surge inc lude bottom gradient ,  shore s lope , 
position of the coast re lot ive to the storm center, and harbor configurat ion . 

The low barometric pressures which accompany storm act ivity i nduce sea leve l to rise s l ight ly  at a 
rate of approximate ly 1 cent imeter per m i l l imeter drop i n  pressure . T his i s  equiva lent to about 1 foot per 
i nch of mercury . During the Co l umbus Day storm (Oct. 1 2 , 1 962) t he barometric pressure was 28 . 6  at 
Gold Beach .  T he maximum poss ib le storm surge resu lt ing d irect ly from fluctuations in barometric pressure 
is 2 to 3 feet . 

W ind set-up is the pi l i ng of water against a shore by w ind shear act i ng upon the surface of the water . 
T he effects of w ind shear are most pronounced on l arge l akes and on funne l -shaped bays . On the coast of 
Curry County w i nd-shear impact probably does not exceed one or two feet . Wave set-up is the retarded 
return of waves to the sea caused by wind fr ict ion and is addit ive to wi nd set -up . Wave set-up is  approx­
imate ly 1 0  to 20 percent of wove he ight in extreme storms (Fa irbridge , 1 966) .  Thus ,  in regions where 
wi nter waves may exceed 20 feet near shore , as a l ong the Oregon Coast ( U .  S ,  Nava l Oceanographic 
Office , 1 966) ,  wove set-ups a l ong the beaches may approach 2 to 4 feet . Within bays where tidal gages 
are located, however ,  wave set-ups are much less and recorded storm surges are therefore less . 
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Tab le  1 8 .  Representative ti da l  e l evations of the Oregon Coast1 

Tida l term2 Descri pti on 
Extreme h igh t ide3 H ighest proj ected tide that can occur and is th e sum of the 

h ighest pred icted tide and th e h ighest observed storm surge . 
Very long recurrence i nterva l s  are assumed , I t  is the level 
used by eng ineers for the design of harbor structures . 

H ighest measured tide H ighest t ide measured on the tide staff . 

H i ghest predicted t ide H ighest t ide predicted by the tide tab l es .  S torm surges and 
other c l i matic factors are not cons idered . 
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M ean h igh er h igh water4 Average h eight  of the h ighest h igh tides observed over a spec­
i fic  time i nterva l .  Time i nterva l s  are se l ec ted on the basis of 
the moon ' s  many cyc les and the degree of refi nement required . 
Th i s  p lane i s  used by the Nationa l Ocea n  Service  to reference 
navigationa l c learances . 

Mean h igh water The average of a l l  observed h igh t ides . I t  i s  th e boundary 
between t ide land and "up land, " the land genera·l ly at or 
above the l evel  of mature h igh marsh . 

Mean t ide l evel A l evel  midway between mean h igh water and mean  low water , 
The di fference between mean ti de l evel  and loca l mean sea 
l evel  refl ects asymmetry between loca l h i gh and  low tides .  

Loca l mean sea l eve l5 The loca l average height of the water surface for a l l  stages 
of the tide . 

Mean sea leve l  A regiona l datum based on observations taken over a number 
of years on the West Coast of the Uni ted S tates and Canada . 
I t  i s  the reference for e l evations on U . S .  Geo log ica l  Survey 
topograph i c  maps . 

M ean low water The average of a l l  observed low t ides . I t  is the boundary 
between t i deland and submerged land . 

Mean low er low water The average height of the lower low t ides . 

Lowest predicted ti de The lowest t ide predicted on the t ide tab l es .  

Lowest measured t ide The lowest ti de actua l ly measured on the tide staff . 

Extreme low tide The lowest estimated tide that can occur . 

1 Speci fic figures are based on 6 years of tide observations at th e Oregon S tate Un iversi ty Marine Sc i­
ence Center dock on Yaqu i na Bay . Va l ues vary from estuary to  estuary, wi th in  an estuary, and 
w i th the i nterva l of observation . Above figures vary s l ight ly from va l ues i n  study area (see be low} . 

2Adapted from Oregon D ivis ion of State Lands ( 1 973) . 
3 1 2 . 3 '  at the mouth of the Chetco R iver; 1 3  feet at Port Orford (U . S . Army, Corps of Engi neers , 1 975) . 
46 . 9' at the mou th of the Chetco River; 7 . 3 '  at Port Orford (U . S . Army, Corps of Engineers, 1 975). 
5Mean sea l evel  at Port Orford, Wedderburn,  and Brookings i s  3 . 92 feet, 3 . 34 feet , and 3 .48 feet 

respective ly .  Thus, e levations i ndicated above mean sea l eve l  are probab ly as much as one foot 
too h igh (see text) . 
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Ma gnitude : Very l itt le  information is avai lab le on the magnitude of storm surges a long the Oregon 
Coast . Present ly there is no method for assigning probabi l it ies to possible combinations of wave set-up , 
wind set-up and sea-leve I rise caused by low barometric pressure . Storm surges genera f ly are less than 
one foot, however, and probab ly do not exceed 4 to 7 feet even in the most extreme storms . During a 
45-year period the highest observed t ide at Astoria was 3 .  8 feet above mean h igher high water (U . S .  Army 
Corps of Eng ineers, 1 973) . During a 6-year observat ion period at the Oregon State University Marine Sc ience 
Center in Yaquina Bay , t he highest observed storm surge was 4 . 2  feet .  Both observations were made at 
locations of mi nima l wave set-up . H igher storm surges have been experienced on the open coast (see 
Impact , be low) .  Along the At lantic seaboard and the Gu lf  coasta l zone , storm surges as high as 9 to 1 2  
feet have been recorded over large areas . At Pass Christian ,  Mississipp i ,  Hurricane Cami l le de l ivered a 
25-foot storm surge in 1 96 1 . The city is situated near the narrow head of a wide -mouthed bay that faced 
direct ly into the storm . 

Impact :  Ocean flooding by storm surge and high tides can be predicted on the basis of tida l tables 
and weather predictions . P l ann ing measures for long-range protection should i nc l ude provisions for pub l ic  
disc losure of  hazardous areas, most notab ly the foredunes and low-lying cove and beach areas . Because 
storm surge and stream flooding often coinc ide , storm surge should be considered in a l l  models of stream 
flooding . 

One of the most extreme storms a long the Oregon Coast occurred i n  January of 1 9:39 . I n  Curry 
County , waves swept over the foredunes i nto Garrison Lake , flooded the low lands at the mouth of the E lk 
River ,  and washed logs over the road at the mouth of Euchre Creek (Curry County Reporter ,  January 5 ,  1 939) . 
The leve l of the highway at Euchre Creek is now considerably higher.  At Gold Beach , loca l  flood ing of 
the dunes proceeded up to the base of the terraces on which the city is bui l t .  Although the dune e levations 
in this area remain the same today , the threat of ocean flooding cou ld be considerably less ow ing to beach 
accretion beh ind the recent ly constructed Rogue River jetty . No publ ished i nformation is avai l able re­
garding storm surges associated with the Col umbus Day storm i n  1 962. 

Tsunami 

Genera l :  Tsunamis are waves generated at sea by major earthquakes or particu lar ly violent vo lcanic 
eruptions . Tsunamis are difficu l t  to detect at sea , having wave lengths of a hundred mi les or more and 
ampl itudes se ldom exceeding a foot . Ve locity of the waves in the open ocean is determined by water 
depth and approaches 450 mi les per hour in parts of the Pacific Ocean. 

As tsunamis approach land , the sha l lower depths cause the water to pi le upon i tse l f, thus i ncreasing 
the amp l itude . In  some coasta l in lets of Japan , for examp le , tsunamis greater than 80 feet high have been 
generated by local se ismic activity . The largest tsunam i on record , an estimated 1 20 feet h igh,  occurred 
on the coasta l lowlands of Java during the eruption of Krakatoa in 1 883 and k i l led approximate ly 30, 000 
peop le .  The he ight of any g iven tsunami at any given loca l ity is determined primari ly by 1 )  the magnitude 
of the disturbance generating the tsunam i ,  2) attenuat ion , 3) bathymetry , and 4) run-up . 

Magnitude of disturbance : Most tsunamis are generated by seismic activ ity . Factors favori ng the 
generat ion of a destructive tsunami inc lude a magnitude of 7 . 5  earthquake or greater on the Richter sca le 
(see Tectonic Sett i ng - Earthquakes) , a sha l low focus , a large area of disp lacement , and vert ical displace­
ment rather than horizontal d isp lacement . Strike-sl ip fau l ts (horizonta l displacement) genera l ly do not 
generate tsunamis (Ba lakina ,  1 970; Adams and Furomoto, 1 970) . 

Wi I son and T orum ( 1 972) re late the maximum he ight of tsunamis to the magnitudes of the earthquakes 
which produced them . Data were co l lected for tsunamis at points within 500 mi les or their respective epi­
centers . The equation they deve loped shows that for earthquakes with magnitudes of 8.7 (the largest poss ible 
quakes) the largest possib le tsunami is approximate ly 1 00 feet in he ight . Simi lar ly, quakes of magni tudes 
less than 6 .7  on the Richter sca le are shown to generate tsunamis of 3 feet in he ight or less . Tsunamis of 
this size probably wou ld have no effect on structures but cou ld be a threat to peop le on the beach . These 
determinations are statistica l and genera l ized; they do not fu l ly consider the potent ial pecu l iarities of 
future tsunamis . 
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Major source areas for tsunamis a long the Oregon Coast i nc l ude the Aleutian Trench area , the west 
Pac i fi c  from Japan to the Phi  I I  ipi nes , and a structura l ly complex area of earthquake act ivity off the coast 
of southwest Oregon and northwest Ca l i fornia (see Tectonic Setti ng) . Of the three,  the A leutian Trench 
a l ong the coast of A laska (see oe low) i s  the source area for tsunamis w i th greatest potentia l  for damage to 
Curry County . 

Attenuat ion: As waves move away from the ir poi nt of orig i n ,  they dimi nish i n  size (attenuate) owi ng 
to friction, d ispersion, and other factors . Where the mechanics of generation of a part icu lar tsunami favor 
propagation i n  one direction over another ,  the propagation is said to be directiona l ,  and wave height is  
i nverse ly proportiona l to the square root of the distance (a tsunami at d istance 2x from orig i n  is  1/  2 as 
h igh as at poi nt x) (Wiege I ,  1 969) . Where propagation favors no direction over another , i t  is said to be 
nondirectiona l ,  and wave height is i nverse ly proportional to the d istance (a tsunami at distance 2x from 
the orig in  is l/2 as high as at poi nt x) (W iege l ,  1 969); attenuation is seen to be more rapid . 

The Alaska earthquake of 1 964 produced a d irectional wave toward the eastern and southern marg ins 
of the Pac ific Ocean and is ana lyzed by Li -San and Divoky ( 1 972) . In contrast to the gentle waves de l ivered 
to the Japanese Coast (1 to 2 feet high) , the waves de l ivered to the coast of the Un ited States were of major 
proport ions owi ng to d i rectiona l propagation and c loser proximity to the poi nt of orig i n .  Likewise ,  the 
Tokach i-oki earthquake of May 1 6 ,  1 968 in Japan regi stered 7 . 8  on the R ichter sca le but de l ivered a 
tsunami only 6 i nches high to the Oregon Coast (Pattu l lo and others ,  1 968),ow ing i n  large part to attenuat ion .  

Bathymetry: Much o f  the impact o f  tsunamis i s  determi ned by the extent t o  which water i s  p i led upon 
i tse l f  or reflected as t he tsunami approaches shore . Th i s ,  in turn , is determi ned by subsea bathymetry i n  
t he deep sea , on  the cont inenta l she !f ,  and near shore. A long the Oregon Coast, poss ib le shoa l i ng or re­
flecting areas i nc lude the gent le  she l f  off the coast of C l atsop County, the Heceta Bank off the centra l 
Oregon Coast , and Coqui l le Bank off the coast of southern Coos County . Too l itt le i nformat ion i s  ava i l ­
able to determine the extent to which these features amp l i fy o r  d i ssipate tsunamis .  L ikewise the effect of 
subsea canyons is undefi ned . 
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Topographic features of more local  extent a long the coast of Curry County a l so may inf luence the 
effect of tsunamis. Genera l ly the tsunamis tend to concentrate on the head lands and to dissipate in the 
estuaries as a resul t  of the narrow, sha l low entrances of the rivers . In other parts of the wor ld ,  deep 
funne l -shaped harbor entrances are known to amp l ify  tsunamis. The complexities introduced by loca l and 
reg iona l bathymetry are i l l ustrated by the various tsunami records shown on Figure 22. 

Run-up: Run-up is the e levation on l and that a tsunami may reach and is measured re lative to pre­
vai l ing sea I eve I at the t ime af the tsunami .  For instance , a tsunami with a 1 0-foot run-up occurring 
at a t ime of an 8-foot tide wou ld reach  an e levation of 1 8  feet above mean lower low water (tides are 
measured re lative to mean lower low water) . In Curry County th is is approximate ly 1 4� feet above mean 
sea leve l . 

Run-up is determined by local bathymetry and topography, ang le of incidence , bottom s lope , bottom 
permeabi l ity in sha l low areas ,  and the nature of the materia l  underlying the low land areas . Genera l ly ,  
run-up i s  1 to 1 �  t imes wave he ight (Wi l son and Torum, 1 972) , but may approach 2 t imes wave he ight under 
ideal  conditions (Torum, 1 972) . A long the Curry County coast run-up is probably equivalent to H (he ight 
of the wave as it breaks near shore) . In f lat low-lying areas and marsh l ands , run-up is considerab ly less 
owing to the dampening effect of the terra in ,  but the extent of flooding can be very large . 

Impact :  Potential damage by tsunamis inc ludes flood ing of tide l ands and periphera l marshes and 
low lands , damage to moorings and vesse l s ,  and in jury or drowning of persons on beaches, i n  isolated coves, 
and on low-lying terra i n .  Th is  latter impact is particu larly significant in view of i ncreased tourism and 
extensive beach-re l ated activit ies a long the southern Oregon Coast . 

The Good Friday A laska earthquake of March 27, 1 964 satisfied a l l  requirements for the generation 
of a destructive tsunami a long the Oregon Coast . It reg istered 8 . 3  to 8 .6  on the Richter sca le and i nvolved 
vertica l disp lacements of regional extent .  The quake a l so occurred in a zone of tectonic convergence , a 
factor which favors the generation of destructive tsunamis ( l saaks and others , 1 968) . T he tsunami was 
directed toward. the Oregon Coast and coi ncided with the high spring tides . The probabi l ity of larger 
tsunamis be ing directed toward Oregon from the A laska area appears rather remote . 

Tota l damage a long the Oregon Coast amounted to $700, 000 and four drownings . Losses wou ld have 
been considerably higher had the tsunami arrived dur ing a period of heavy tourist use rather than late at 
n ight . Wave he ights of 4 to 1 4  feet above prevai l ing mean high water (Figure 22) were recorded in Oregon, 
and a wave greater than 20 feet high was recorded at Crescent City, Cal iforn ia .  There , ana lysis of tida l 
gage data has revealed a 1 00-year recurrence frequency for tsunamis of that size . I n C urry County the 
tsunami was 9 .4  feet high at Gold Beach , rose to within one foot of the land surface at the mouth of the 
Chetco River ,  and flooded at least three houses in the lowland areas of the lower Winchuck River .  Damage 
to boats and moorings at Gold Beach tota led $30, 000 to $40,000 . 

Because tsunamis de l iver waves over a period of severa l hours , conservative estimates of the maximum 
probab le tsunami for the study area shou ld assume that the tsunam i wi l l  be superposed on a high tide . 
Assuming a 1 0-foot wave and mean higher high water (8-foot tide ,  or 4� feet above mean sea leve l ) ,  in­
undation to e levations of 14 to 1 5  feet above mean sea I eve I should be expected i n  some coast a I . areas . 
Remarkab ly, the tsunami generated by the Good Friday earthquake arrived during high spri ng tides and 
is an approximate measure of the highest probable tsunam i .  Run-ups to e levations of 20 feet or more are 
possib le in some beach and head land areas. Superposition of tsunamis and extreme high t ides (Table 1 8) 
is extreme ly un l ike ly and is not considered i n  this invest igation . 

Recommendations: The greatest threat of tsunamis in Curry County is in jury or loss of l i fe to i ndividua l s  
such a s  c lammers, hunters , beachcombers , and beach campers in low-lying areas such as beaches, t ida l flats ,  
and marshes . Even sma l l  tsunamis may resu l t  in catastrophic resu lts if they occur during a time of  i ntensive 
low land use by recreationists a nd tourists . It is imperative , therefore , that loca l warning procedures be 
efficient and comprehensive . Tsunamis are detected by the Seismic  Sea-Wave Warning System at the E n­
v ironmenta l Sciences Service Administration stationed i n  Hono l u l u .  Warnings are re layed first to the Oregon 
State Emergency Services Office and then to county and city personne l a long the coast . A tsunami watch 
means that conditions conducive to the generation of a tsunami have occurred . A tsunami warni ng means 
that an actua I tsunami has been  observed . 
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Once a tsunami warni ng has been rece ived by local  offic ia l s  it must be re layed to the popu lace by 
rad io and TV announcements and through the effective use of the po l ice or sheriff's office . Because many 
iso lated coastal areas and coves may be occupied , use of he l icopters or other low-flying craft shou ld be 
considered . The pub l i c  shou ld be i nformed that tsunamis i nvolve many waves over a period of severa l 
hours . The first wave is often preceded by a pronounced withdrawal of the sea that may l ure the unwary 
observer to his death . Moreover, tsunami warnings shou ld not go unheeded mere ly because the area es­
caped damage during a previous tsunami warning . No two tsunamis behave in exact ly the same way . 

W a v e E r o s i o n  a n d  D e p o s i t i o n  

Genera l 

Patterns of coastal erosion and deposi tion are co ntrol led by tectonic up l i ft ,  wor ldwide f luctuations 
of sea leve l (see Ocean F looding) , bedrock hardness and structure , sediment gra in  size , the distribution 
and magnitude of sediment sources , and other more loca l factors . Off the coast of Curry County the lowest 
submerged terrace is 300 feet be low present sea leve l and is located 1 0  nautica l mi les off the present coast­
l ine . Using the sea leve l curves of Curray ( 1 965) and M i l l iman and Emery ( 1 968) an approximate age of 
20, 000 years is assumed for the terrace . An average rate of coasta l retreat of as much as 21 feet per year 
is indicated . Because sea leve l has remained stab le for the past 5 , 000 years, present rates of coasta l 
retreat are considerably l ess . 

Headland and sea-c l i ff erosion 

Regiona l coasta l erosion rates a long the head lands and sea c l i ffs vary from less than one inch per 
year to severa l inches dependi ng upon bedrock , structure , and other factors, as summarized on Tab le  1 9 .  
Superposed o n  regiona l  averages are loca l more sporadic phenomena resu l t ing from loca l condit ions . 

Hard pre-Tertiary bedrock : Hard pre-Tertiary bedrock forms sea stacks and irregu lar sea c l iffs 
from Brookings to Crook Poi nt, and at Cape Sebast ian, Sisters Rocks, Humbug Mountai n ,  Port Orford, 
Cape B lanco, B lack lock Poi nt, and Rocky Point (Figure 23) . Wave erosion i n it iates spo�adic steep-s lope 
fai l ures i n  these areas, and rates of coastal retreat are very s low, probably not exceed ing a few i nches 
per year.  

At Cape Sebast ian, w ide ly spaced joint ing has caused massive b lockfa l l s a long the northwesterly 
fac ing c l iffs . Individual fa i l ures i nvo lv ing severa l acres of sharp ly downdropped bedrock now are exten­
s ively forested, i ndicating that durations between blockfa l l s  may exceed hundreds or even thousands of 
years . If tension cracks should appear a long the crest of Cape Sebastian on h iking trai l s  or on the road , 
the area shou ld be evacuated immediate ly pending deta i led study . 

Dicken ( 1 96 1 )  reports that i n  the Pisto l River area the southern edge of Sheep Rock has retreated 
35 feet in 89 years, part ly in response to latera l migration of the Pistol River . He a l so reports that sea 
stacks in the Myers Creek area have registered notab le reduction si nce the first survey of the area was 
made in 1 873 and that the northern part of the beach has grown 1 35 feet in the same period of time . 
Barring i naccuracies i n  the orig ina l  survey , these observations i l l ustrate the comp lexities of coasta l retreat 
in the vicinit ies of major drainages.  

E l sewhere a long the southern Curry County coast, comparison of old photographs with the present 
seascape ind icates l it t le  or no noticeable coastal retreat si nce the turn of the century . The apparent 
equi l ibrium invo lves very hard bedrock, however ,  and where road fi l ls have been pushed short d istances 
onto the beach, as at Hunters Cove , damage by waves has been rapid . 

Tert iary bedrock : Moderate ly hard Tertiary bedrock and terrace materia l  forms stra ight to gently 
curved c l i ffs fronted by narrow beaches north and south of Cape B lanco (Figure 24) and in the Nesika 
Beach area . Storm waves pass over those beaches to i nitiate s l umps and earthflows of loca l extent which 
col lective ly resu l t  i n  coasta l retreats averaging a few inches per year . A long the grass-covered s lopes in 
the Sixes River area, rates of retreat are probab ly less at the present time . 
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Tab l e  1 9 . Summary of coasta l erosion, Curry County, Oregon 

Geology and location Physica l features Processes and rates 
Hard pre-Tertiary bedrock; Steep, i rregu lor coast I i ne  Rocks l ide and rockfa l l , a lso 
Brookings to Crook Poi n t ,  Cape w i th numerous sea stacks and debri s  s l i des; s l ow rates of ero-
Sebastian ,  scattered head lands coves s ion, probably l ess than 1 "/yr . 
north of Rogue R iver to F loras L .  bu t  sporadic i n  loca l sense 
Moderately hard Tertiary bed- Straight to gently curved Debris s l i des, earthflow and 
rock and terrace mater ia l ;  E l k  c l i ffs fronted by dr ift beaches s lump; few i nches or less per 
and S ixes Ri ver areas, Nes ika year; rate of retreat s lower 
Beach area on vegetated s lopes . 
S h eared pre-Tertiary bedrock; Moderately steep s l opes ex- S low to rapi d earthf low extend-
Lookout Rock to S isters Rocks , tendi ng for consi derab l e  d i s- i ng l arge distances i n la nd; rates 
H oustenader Creek area and tances from the coast l i ne average few i nch es/year , but 
others in land; mass movement s l idi ng may displace debris 

topography over 1 00' dow ns lope i n  s ing l e  
episode 

Terrace deposi ts over bedrock; F lot terrace deposi ts of S low retreat  s imi  lor to tha t  of 
H arbor bench and Brooki ngs variab l e  th ickness cappi ng hard pre-Tertiary bedrock; a l so 
area , Port Orford to F l oras bedrock exposures a long th e sporadi c loca l s lumping of ter-
Lake sea c l i ff race deposi ts 

Swash beaches between loca l Convex, th i n  beach deposits G en era l ly stab le and retreat-
h ead lands; areas of hard , p re- couched between head lands; i ng very s low ly  i n  harmony 
Tertiary bedrock especia l ly i n  beach para l l e l  to wave front w i th adj acent head la nds; ex-
south county treme short-term fluctuations 

dependi ng on storm activi ty 
Drift beaches fronti ng more G ent ly  arcuate to a l most S low retreat of few i nches per 
easi ly eroded sea c l i ffs and stra ight beaches ori ented year or l ess; cyc l ic variations 
near major f luvi a l  sediment ob l ique to wave fronts i n  response to weath er and sed-
sources i ment supp ly: norther ly dr i ft i n  

w i nter , souther ly dri ft i n  summer 

Factors contro l l i ng processes 
Refracted waves direct erosion 
agai nst h eadla nds, retreat con-
tro l l ed by j oi nts, beddi ng 
p lanes a nd fau I ts 
S torm waves pass over beaches 
to attack c l iff; retreat by mass 
movement, s lope erosion , a nd 
ra i n  impact on bare s lopes 
Wave erosion removes toe of 
s l ide causing  episod ic  down-
s lope movement o f  s l ide 
materia l 

Retreat con tro l led by joi nti ng, 
bedd i ng ,  and fau l ts; s l umping 
of terrace materia l contro l l ed 
by moisture  and engi neer i ng 
properti es 
Sediment supp l i ed by ad jacent 
h ead lands a nd loca l drai nages; 
beach form fl uctuates w i th 
storm activ i ty 

S ediment supp l i ed by large 
dra i nages and/or sea c l i ffs and 
transported by longshore dr ift; 
stabi l i ty affected by j etti es, 
dredgi ng ,  and other activi ti es 
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Figure 23. Coastal retreat at Rocky Point has 
almost total I}' removed old highway . New 
highway is bridged over the hazardous ter­
rain at right of photograph . 

Figure 24. Coastal retreat of Tertiary bedrock 
cliffs south of Cape Blanco results from mas­
sive slumps, slides, and slope erosion . (Ore.­
gon Highway Division Photo) 
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The Orford Reef, composed of Tertiary bedrock , is covered by very sha l low water over l arge areas, 
I ts surface probably formed since sea leve l stabi l ized 5 , 000 years ago and consequently is i n  equi l ibrium 
with present sea leve l ,  

, Sheared pre-Tertiary bedrock :  Wave erosion of sea c l iffs composed of sheared pre-Tertiary bedrock 
between Lookout Rock and Sisters Rocks and at scattered loca l i ties south of the Rogue R iver has resu l ted 
in large areas of mass movement extending for considerable distances i n l and , Immediate ly north of Housten­
ader Creek a prominent shear zone unde r l ies the coasta l s lopes . Pervasive shear ing has so reduced the 
strength of the rocks t hat the s lope is conti nua l ly i n  mot ion,.causing ongoing damage to the highway and 
renderi ng the e nt i re area unfit for most forms of deve lopment . Dicken ( 1 96 1 )  estimates that coasta I erosion 
in this area averaged one foot per year between 1 940 and 1 953 and notes that in 1 958 s l ides i nvo lv ing up 
to 1 65 feet of disp lacement occurred on the s lope , A quarter-m i l e  long stretch of the beach was e levated 
25 feet as a resu l t  of rotat iona l movement a long the base of the s l ide . Later ,  an Apr i I storm eroded the 
e levated beach back a distance of 30 feet .  Thus, even though the rate of coasta l erosion in s l ide-prone 
terrai n  composed of sheared bedrock may average on ly a few inches per year, sporadic episodes of coasta l 
erosion may i nvo lve large areas of s l iding and temporary advance of the coast l ine , 

Immediate ly east of Port Orford , wave erosion generates occasiona l mass movements onto the beach 
that reported ly have extended to the low water l i ne and have involved depths of mater ia l  as great as 25 
feet ( D icken,  1 961 ) .  Here aga in ,  sheared bedrock i s  i nvo lved , Present ly the s lopes are eroded back to 
storm-tide leve ls  and exh ibit a variety of mass movement characteristics i nc luding bowed trees and tension 
cracks . Coasta l retreat s i nce the turn of the century has tota led severa l tens of feet , Dredgi ng of beach 
sand may const i tute a future ind irect threat to the area (see Beaches , be low) , 

Bedrock in the Lookout Rock-Sisters Rocks area consists of sheared Cretaceous strata , Undercutt ing 
by wave erosion cont i nues to generate deep-seated s l id ing over large areas (Figure 1 7) which conti nua l ly 
damages the highway and prec l udes most forms of deve lopment , Dicken ( 1 96 1 )  estimates that rates of 
coasta l erosion at Whalehead Cove immediate ly north of Cape Ferre lo  average 3 i nches per year with loca l 
areas of retreat approximating 20 feet in 38 years . Immediate ly south of Hunter Creek , sheared bedrock 
s lopes are present ly fronted by beaches with we l l -deve loped berms and foredunes . Coasta l s l id ing i s  
present ly i nactive , but engineer ing prob lems assoc iated with o ld  mass movement areas ore of  cons iderable 
importance (see Mass Movement) . 

Terrace deposits over bedrock: The Harbor Bench and Brook ings area ore the locations of extensive 
terrace deposits over lying re l at ive ly impermeab le bedrock . Long-range coasta l  retreat is sim i lar to that 
of hard pre-Tertiary bedrock ,  as d iscussed above, and is contro l led by joints, bedding , and fau l t s ,  An 
additiona l hazard is the s l umping of terrace materia l over the edge of the sea c l i ff in response to more 
loca l condit ions , I n  the w i nter months ground water accumulates i n  the terrace material  a l ong t he i nter­
face with the impermeab le bedrock and causes local ized s l umping . Magnitude of the s l umps genera l ly is 
less than two t imes the th ickness of the deposits and is more or less i ndependent of actua l coasta l  retreat 
in the under lying bedrock .  Extensive deposits of terrace materia l over ly ing bedrock north of Port Orford 
are not discussed here because the ir  retreat be havior is s imi l ar to that of the under ly ing bedrock , which is 
more permeab le there than e l sewhere , (See discussion of Tertiary bedrock coasta l  retreat above . )  

Impacts and recommendations: Wave eros ion in C urry County is characterized by sporadic coastal 
retreat in hard pre-Tertiary bedrock ,  s low uniform retreat i n  Tert iary bedrock ,  large-sca l e  mass movement 
in  sheared pre-Tertiary bedrock ,  and loca l  terrace s l umping where terrace materia l  over l ies impermeab le 
bedrock .  These processes shou ld be considered i n  a I I  deve lopments a long the head lands and sea c I iffs , 
Erosion rates can be derived from the study of sequentia l maps and photographs, examination of county 
and city records, interviews, on-site i nspection,  and actua l monitor i ng .  Factors to be considered i n  on­
s ite inspection i nc l ude distribution of vegetation, types of mass movement , degree of beach protection,  
bedding, and the presence of  structura l weaknesses such as joi nts , fau l ts ,  and shear zones . Where deve lop­
ment is on terrace materia l ,  adequate se�back should a l so be a l lowed for potent ia l  s l umping of the terrace 
deposits, and care should be exercised in drai nage contro l to assure that ground moisture is not i ncreased 
needlessly . 
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Beaches 

A beach is a s loping zone of sand or grave l situated between the ocean and other l andforms such as 
terraces, sea c l i ffs , or dunes . Deposits tossed by storm waves to the backside of the beaches are cal led 
berms . Beaches in the study area consist of fi ne- to medium-grai ned sand and are coarser grai ned than 
bottom sediments short distances out to sea (Ku lm  and others , 1 975) .  Loca l ly grave l i s  a l so present around 
sea stacks and head lands . T he beaches are of two types: 1 )  drift beaches situated north and south of Cape 
B lanco,  north and south of the Rogue River, and at the mouth of the Chetco R iver ;  and 2) swash beaches 
situated north of Brookings to Crook Poi nt and in the Humbug Mountain area .  

The format ion of  a beach requires a source of sediment and is contro l led primari ly by the nature of 
1 )  the source , 2) longshore drift , 3) surrounding topographic features, and 4) c I imati c activity . Variations 
in these determine the form of a g iven beach ,  and changes in any one of them can affect the stab i l ity of 
a g iven beach through t ime . An understand i ng of these parameters is fundamenta l  in assessing probable 
beach ad j ustments to the act ivit ies of man (see Recommendat ions, be low) . 

Drift beaches 

Drift beaches are gent ly arcuate to a l most stra ight and are oriented obl ique to the oncoming 
wave fronts.  They are located near the mouths of major dra inages such as the Rogue R iver and a long 
stretches of re lat ive ly eas i ly  eroded bedrock sea c l iffs,as in the Cape B lanco area . It has been  estimated 
that a flood with a d ischarge of 400, 000 cubic feet per second de l ivers 1 , 000, 000 cubic yards of sand and 
grave l to the ocean on the Rogue R iver (U . 5 .  Army Corps of E ng ineers, 1 975) . I n  contrast , a coasta l re­
treat rate of one i nch per year on the sea c l i ffs north and south of Cape B lanco probably yie lds only 20, 000 
cubic yards of additiona l material per year (assumi ng average c l iff heights of 1 00 feet over a 1 2-mi le length 
of coast l ine) .  

Effect of  longshore drift :  Dri ft beaches are the product of  longshore dri ft ,  the transport of  sand a long 
the coast l i ne by waves and currents . As waves impi nge ob l ique ly on the coast l i ne ,  sand is transported down 
the coast in the breaker zone . At greater depths, waves touch bottom at a dept h equa l fo ha l f  the distance 
between  crests and they transport sand if  the energy supp ly (determi ned l arge ly by wave height) i s  suffic ient . 
Genera l ly ,  s ignifi cant l ongshore drift is restricted to depths less than 60 feet (Trask , 1 955) , a l though evi­
dence for some transport at greater depths is avai lable (Kulm and others, 1 975) .  Off the coast of northern 
Ca l i fornia , sand at depths greater than 90 feet is essent ia l ly immobi le ,  and there is no s ignifi cant transport 
of sand around head lands (C herry , 1 965) . 

Longshore drift a long the Oregon Coast is northerly i n  the winter and sout her ly i n  the summer i n  
response to  prevai l i ng winds. On the bas is o f  heavy-minera l studies Ku lm  and others ( 1 968) and Ku lm and 
others ( 1 975) identify a norther ly component of drift and conc l ude that i t  i s  t he predominant direct ion of 
tra nsport in a regional sense . Determi nat ion of predominant directions of transport a long specific beaches 
requ ires e ither deta i led monitor ing or rigorous ana lysis of wave patterns over a period of years . I n  Curry 
County , gross longshore sediment transport rates may exceed one mi I I  ion cubic yards per year in areas of 
adequate sed iment supp ly , as a long the Rogue R iver area (see Appendix F) . 

Farther offshore , currents may periodica l ly transport sediments short distances at considerable depth. 
A study off the coast of Newport revealed mean ve loc ities of 13 to 27 cent imeters per second at depths of 
20 to 75 meters at various t imes of the year ( Komar and others, 1 973) . Kulm and others ( 1 975) record 
ve locit ies of 30 centimeters per second at depths of 36 meters in calm weather and 75 meters per second at 
a depth of 50 meters in severe storms . Very fi ne sand is rippled at depths of 90 to 200 meters off the Oregon 
Coast dependi ng on loco I condi t ions . Re lat ionsh ips between current ve loc ities and part ie le size and trans­
port processes ore summarized in F igure 25 . I nformation of this sort is crit ical in eva luating offshore dredge 
disposa l operations such as those proposed by the U .  S .  "Army Corps of Eng ineers ( 1 975) and offshore min ing 
operat ions . 
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Figure 25 . Erosion and deposit ion p lotted as a function of partic le 
size and current ve loc i ty . (After Dunbar a nd Rodgers , 1 957) 

Effect of topography :  Topographic features which infl uence dr ift beach form i nc l ude head lands,  off­
shore sea stacks , and rivers , The  beach immediate ly north of t he Rogue River is convex seaward, presumab ly 
i n  response to the wave protection afforded by the Rogue Reef  offshore . Fart her north the mouth of t he Sixes 
R iver i s  located i n  a protected area of re l at ive ly moderate wave action beh i nd Cast le Rock,  a nearshore sea 
stack . To the south,at the mouth of the Chetco R iver ,  a spit extended northward from the south bank pr ior 
to jetty construction; a north spit was not present because no sediment passed around C hetco Point from the 
north . 

Terra in  modifications which a lter patterns of longshore drift or sediment supp ly may i nfl ue nce the 
stabi I ity of beach areas.  Activit ies of th is nature may inc I ude the remova I of sma I I  sea stacks , the con­
struct ion o f  jetties, dredg ing ,  construct ion o f  dams on  larger drai nages ,  and arti fic ia l  protection o f  erod ing 
sea c l i ffs i n  areas where th i s  is the dominant source of sediment supp ly . 

E ffect of weather: Seasonal  f l uctuations of beach form and stabi l i ty deve lop in response to the con­
structive and destructive wave types so commonplace a long the Oregon Coast . S ummer  swe l l s are charac­
terized by long wave length and un iform size , T hey transport sand in the beach zone and are responsib le 
for beach construction , W i nter waves,  by contrast , are short and choppy and have a destruct ive i nf l uence 
on coasta l beaches and at sha l low depths .  Summer swe l l s are genera l ly from the northwest and w i nter waves 
genera l ly are from t he southwest , especia l ly duri ng gales , Bascom ( 1 95 1 )  determined that for Pacific Coast 
beaches a rat io of 0 , 03 for wave height to length was t he cutoff point  between constructive waves at lower 
val ues and destruct ive waves at hig her va lues .  

Long-term f l uctuations i n  the weather  may inf luence the overa l l  balance between constructive and 
destructive waves, resu l t i ng i n  longer term variations in beach stab i l ity , A l though the spec ific pattern is 
unc lear, recent research c l ear ly  demonstrates that short-term and long-term c l imatic fl uctuat ions are a 
rea l ity and that the earth is entering a period of s ignifi cant c l imatic change .  Scattered evidence suggests 
t hat Oregon beaches are f luctuat ing,  possib ly in response to th is c I imatic activity . Rea and Komar ( 1 975) 
show that Sa l ishan Spi t ,  for examp le ,  was much less extensive 35 years ago than at present and suggest that 
a long period of growth may now be passi ng into a per iod of beach retreat . · 
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Figure 26. The sand spit and shoals between the jetties at  the mouth 
of the Rogue River present severe hazards to navigation.  

Figure 27. The mout h of Floras Creek is blocked b'y beach material swept i n  from 
the south by longshore drift. New River is forced northward several miles be­
fore crossing the beach ridge to the ocean. 

85 
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Go ld B e a c h : Gold Beach is a n ine-mi le  long accreti ng drift beach located on either side of the 
mouth of the Rogue R iver . The south segment of the beach is very gently arcuate and the northern segment 
is strongly convex toward the west owing to t he wave protection offered by the Rogue Reef offshore . The 
head lands behind the beach are not prese nt ly erod i ng ,  and the source of sed iment for the beach is the Rogue 
R iver.  A flood with a discharge of 400, 000 cubic feet per second on the Rogue R iver de I ivers approximate ly 
1 , 000, 000 cubic yards of sand and grave l to the sea ( U .  S .  Army Corps of Eng ineers , 1 975) . 

Gross longshore drift tota l s  approx imate ly 1 , 000, 000 cubic yards per year (see Appendix F ) .  Direct ion 
of drift varies wi th the seasons . Norther ly drift i n  the winter has min ima l  impact on the dredged channe l 
of t he Rogue ow ing to the f lushing capacity of the river during high winter flows . Souther ly transport i n  
the summer,  i n  contrast, carries sand around t he north jetty agai nst the south jett� where it forms a spit 
which migrates upstream as a resu l t  of wave action (Figure 26) . Orientation of the jetties toward t he sout h­
west te nds to minim ize shoa l i ng ,  but study of wave refraction patterns on aer ia l  photographs suggests that 
the north jetty is not long enough .  Dredgi ng i n  the channe l averages 1 1 2 , 000 cubic yards per year . 

Prior to jetty const ruct ion , the mouth of the Rogue R iver was 200 feet wide and water depth varied 
from 2 feet  be low mean lower low water i n  the summer to 9 feet be low mean lower low water i n  the winter .  
Betwee n 1 960 and 1 964 (after the jett ies were bui l t) accret ion north of the north j etty averaged 560 feet 
per year i n  p l aces . Stembridge ( 1 975) notes considerab le beach accretion north of the jetty between 1 939 
and 1 967 . Conceivab ly some of the accretion during th is t ime period could be attr ibuted to long-range 
eye I ic variations in beach stab i I ity . Future stabi I i ty of the accreted areas is dependent upon c l imatic 
activity, storms , and upkeep of the jetty . 

Port Orford beach :  Port Orford beach i s  bounded on  the northwest by The  Heads and  on the south­
east by Rocky Point and for much of  its l ength i s  backed by mass movement terra i n  (see Head land and 
sea-cl iff erosion - Sheared pre-Tertiary bedrock) . The major source of sed iment for the beach is the sea 
c l i ffs , which may supp ly approximate ly 1 0, 000 cubic yards of mater ia l  per year {assuming 2� mi les of c l iff 
1 00 feet high and an  annual erosion rate of 4 i nches per year) . Hubbard Creek ,  the on ly dra inage into 
the area , passes through marshy ground and probab ly de l ivers neg l ig ib le  sed iment to the beach zone . Direc­
t ion  of  drift varies with the  seasons . In  the Port Orford area net drift is probably to  the north ow ing to  the 
a l most tota l e l imination of south�mov ing waves by The Heads . 

Owing to a history of storm-wave damage to Port fac i l it ies at Port Orford,  a breakwater was con­
structed at The Heads in 1 968.  Subsequent l y ,  the quieter water around the docks resu l t ing from breakwater 
construction a l so resu l ted in increased sedimentation ( U .  S .  Army Corps of Eng ineers, 1 975) so that now the 
equ i l ibrium depth appears to be about 2 or 3 feet be low mean lower low water . Dredg ing to mai ntain  the 
t urning bas in  has averaged over 1 2 , 000 cubic yards per year si nce 1 97 1 . 

Sca le model  stud ies by t he U .  S .  Army Corps of Engi neers at Vicksburg , Miss issippi i nd icated that 
shoa l ing of the turning bas in  is a resu l t  of reflected waves carry i ng sediment i nto the area from the beac h .  
The poss ib i l i ty exists that increased dredging , a s  proposed for the future (U . S .  Army Corps of Engineers , 
1 975) , could resu l t  in increased rates of sand loss from the beaches . Th i s ,  in turn ,  cou l d  trigger an i ncrease 
in coasta l erosion and mass movement in sea c l iffs southeast of Port Orford . 

Beaches north and south of Cape B lanco: North of Port Orford the mar ine terraces rise toward 
Cape B lanco and farther north decrease in e levation to near sea leve l in the v ic in ity of F loras Lake . Beaches 
fronting the sea c l i ffs receive sediment from the c l iffs at an est imated rate of approximate ly 20, 000 cubic 
yards per year {see Head l and and sea -c l i ff erosion) . Sed iment supp l ied from the drai nages of the E l k  and 
S ixes R ivers is probably of secondary importance . Langbei n  and Schumm ( 1 958) show that for forested 
areas of simi l ar preci pitation patterns ,  the rate of sediment production is 250 tons per square mi l e  per year . 
The drainages tota l about 200 square mi les ,  produce 50, 000 tons (20, 000 cubic yards) of sed iment annua l ly .  
Assumi ng that 25  percent i s  sand-size material  deposi ted in  the  beach zone , the annua l supp ly of  beach 
sedime nt is 5 , 000 cubic yards per year . 

Net  longshore drift to the north is i nd icated by the northward growth of the spits at the mouth of 
E lk R iver and N ew River (F igure 27) .  The S ixes R iver maintains a re l at ive ly stab le  exit to the sea i n  an 
area of wave protect ion in  the lee of Cast l e  Rock sea stack . Rates of sediment transport to the south in  
the summer and to the north i n  the w i nter are probably great i n  comparison to the mi nor annual net trans­
port to the nort h .  
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Figure 28. Jetty construction at the mouth of the Chetco River has stabilized the spit and has prompted 
construction of diverse water-dependent foci li ties. (Oregon H ighwoy Division Photo) 

Chetco beach: The beach at the mouth of the Chetco River is very small and has been modified 
greatly by recent jetty construction (Figure 28). The cl iffs are eroding very slowly and provide minimal 
sediment; the bulk of sediment for beach development is supplied by the Chetco River. Accretion is noted 
on both sides of the jetties but is more predominant on the south side of the south jetty than on the north 
side of the north jetty. During severe winter storms minor shoaling occurs in the channel along the outer 
ports of the south jetty as a result of littoral drift. Shoaling upstream in the vicinity of the boat basin is 
more extensive and results from stream deposition, 
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Other beaches: Nesika beach derives sediment primari ly from head land erosion and to a very mi nor 
extent from Euchre Creek . Direct ions of longshore drift vary with t he seasons.  The Pistol R iver beach is 
located in  an area of min ima l  coasta l retreat and derives sediment from the P isto l R iver. Using the figures 
of Langbei n  and Schumm ( 1 958) and assuming retention of 20 percent of the materia l  in the beach zone , an  
annual rate of  sediment supply of  2 , 500 cubic  yards per year i s  estimated . The spits a t  the mouth of  the 
P istol R iver grow northward i n  the wi nter and southward i n  t he summer over a tota l d istance of severa l 
hundred feet in response to longshore drift . 

Swash beaches 

Swash beaches are concave beaches located between head lands and hav i ng shore l i nes para l l e l  to 
the oncoming wave fronts .  Swash beaches of Curry County are located in the many coves of hard pre­
Tertiary terra in  between Brookings and Crook Poi nt and a l so in the Humbug Mountain area; they are gen­
era l ly a few hundred yards to a ha l f  m i le  in  lengt h .  

Coasta l retreat supp l ies a few hundred cubic yards o f  material t o  the typica l swash beach annua l ly ,  
and  sediment supp l ied by the loca l streams i s  essentia l ly neg l ig ib le .  The beach deposits are genera l ly th in; 
they are r ich in heavy minera ls  and grave l-s ize fragments near head lands and sea stacks,reflecting the ma jor 
sources of sediment supply . Act ive lands l ide areas provide considerably more materia l ;  but most of it is 
quick ly washed away by the vigorous wave act ivity of the head la nds environment .  

Swash beaches retreat very s low ly i n  harmony w ith the coasta l retreat of the surround ing head lands . 
However ,  seasona l storm activity and large storms can destroy large parts of the beaches,. on ly  to have them 
quickly restored as longer swe l l s  wash the sediments back to shore during mi lder weather .  Because wave 
fronts characterist i ca l ly are para l le l  to the beachfront , rather t han imping i ng at an ang le as w ith drift 
beaches ,  t here is essent ia l ly no supp ly of sed iment by longshore drift from adjacent beaches .  In addit ion , 
sedime nt transport from adjacent areas is hi ndered by water depth around the head lands . 

Recommendations 

The carryi ng capacity of waves is s ign ificant ly a l tered by mod ifications of sedime nt source , 
bathymetry , coasta l  topography , longshore drift , and c l imate . Recogni tion of prob lem areas rests funda­
menta l ly on one ' s  v iew ing of the coast l i ne as a sediment-transport system which remains in equi l ibr ium 
unt i l  any one of the above factors is changed.  

Geologic  investigat ions shou ld precede a l l  deve lopment in  areas subject to  coasta l erosion and de­
posit ion. Goa l s ,  magnitude and probab i l ity of hazard , and economics large ly determine the nature of the 
i nvest igation and the method of treatment . In beach areas , provisions shou ld  be made to assure that modi­
fied patterns of  erosion and deposi t ion l ie wi th in  acceptable l imits . Deve lopment of foredune areas is 
pote ntia l ly very hazardous. 

Adverse impacts of coasta l  erosion and deposit ion can be min imized through a variety of techn iques 
(Tab le  20) . Impacts can be further m inim ized through proper design of the se lected project . For examp le , 
t he impacts of groins can be reduced by p lacing l imits on their l engths, and the impacts of jetties can be 
reduced by deve loping designs most consistent with their nat ura l sett ing . 

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

Definit ion and causes 

S lope erosion is the regiona l erosion of s lop ing ground which occurs as a resu l t  of sheet wash (uniform 
remova l of so i l  with no consp ic uous channe l s ) ,  ri l l  eros ion (removal of soi l  by numerous sma l l  rivu lets) , and 
gu l ly erosion (remova l of so i l  by larger more permanent channe ls) • .  It does not inc l ude erosion of larger 
channe l s  between s lopes or stream-bank  erosi on , and idea l ly it does not i nc lude degradation by mass 
movement . Domi nant factors contro l l i ng s lope erosion are land use , s lope , and .soi l type . These are re lated 
i ndirect ly to rock type (Tab le 2 1 ) .  
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Soi l erosion is extreme ly sens it ive to s lope gradient and moderate ly  sensitive to s lope length (Young 
and Mutch ler , 1 969) , T he s lope intensity factor in  Curry County is the greatest in the very hard pre ­
Tertiary bedrock east of Port Orford i n  the Pearse Peak area and is l ess extreme on the shorter ,  more 
i rregu lar and moderate s lopes e l sewher� in the up lands,  

Soi l erod ib i l ity varies greatly with land use and soi l  cover , I n  C a l iforn ia ,  Knott ( 1 973) demonstrated 
t hat the conversion of wood land to intensive agri cu l ture and construction i ncreased sediment y ie lds 65 to 
85 t imes . Yorke and Davis ( 1 97 1 )  record a 90-fo ld  increase in sed imentat ion dur ing conversion of pasture land 
to townhouses i n  a sma l l  watershed i n  Mary l and . In the H .  J .  Andrews Experimenta l Fores t ,  uncontrol led 
c lear-cut logging i ncreased rates of sedimentation 67 times . Anderson ( 1 97 1 )  reports simi lor resu l ts in  a 
study in Cal ifornia . Langbei n  and Schumm ( 1 958) , i n  a pioneering effort to quantify sediment y ie ld  rates ,  
determi ned that for areas of  greater than 40 inches annua l effect ive precipitation the sediment y ie ld  rate 
under natura l vegetat ion was approximate ly 250 tons per square m i le per year . This  genera l figure i s  

Treatment 

Beach 
nourishm ent 

Dune 
stabi l ization 

Breakwater 

J etty 

Sea wa l l s ,  
revetments, 
and bu l kheads 

Groi ns 

Re locate 

Tab le 20 . Eng i neering treatment of coasta l erosion 

Purpose Cost Impact and other l im i ta tions 

M it igate erosion losses Re la tive ly Impact on borrow area; requires ongoing 
on beaches by s torms low program if app l ied to areas w i th long-term 
or other short-term threats of erosion 
activity 

Reduce f looding or Re lative ly  May starve i n land dune  areas l eadi ng to 
catastroph ic shore low deflation and  reduction of esthetic  appea l 
regression; a I so, to 
m i nimize w i nd erosion 

Protect shore areas Moderate N ot sui tab l e  i n  deep water; promotes loca l 
from wave erosion deposition beh i nd the structure a nd may l ead 

to downdrift beach starvation 

S tabi l ize i n l ets and H igh I nduces large-sca l e  erosion or deposi tion 
channe l s  and m i tigate of adjacent beach areas; benefits must out-
large-sea I e erosion; w eigh costs 
promote large-sca le  
deposi tion 

Pro teet h igh -va I ue Var iab l e  U nattractive,  l im i ted beach access; must  be  
structures on  c l iffs w i th designed to prevent undercutt ing or fla nki ng; 
or dunes design access to  su i tab l e  construction materia I often 

a l im i ti ng factor 

. Mainta i n  or i ncrease Moderate Promotes downdr i ft erosion if too long; not 
sand supp ly  on beach to h igh su i ted to beach areas w i th steep gradients 
a t  a part icu lar s i te 

Save structure from Var iab l e  Space avai labi l i ty; mov i ng ski l l  required 
probab l e  undercutti ng 
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adopted i n  ca lcu lat ing sediment sources for beaches (see Wave Erosion and Deposition) . A lthough sed iment 
y ie ld  rates and s lope erosion rates (be low) are c lose ly re lated ,  they d iffer in that s lope erosion rates do not 
i n c l ude a consideration of loca l ized s lope deposi tion (Wi shme ier ,  1 976) . Conseque nt ly s lope erosion rates 
for a given area are greater than the sed i me nt yie ld rates . 

Soi l eros ion is a l so a function of the permeabi l i ty , structure , gra in  s ize d istribution , and organic 
content of the soi I .  Swanston and Dyrness ( 1 973) show that quartz content of parent materia l  is a good 
measure of so i l  erod ibi l i ty .  In the study area , soi l s  over ly i ng quartz d iorite and quartzose sandstone have 
re lat ive ly h igh erodibi l ity i ndeces . In areas of steep s lopes or very shal low depths to bedrock soi l erosion 
is greater owi ng to decreased infi l ltation and increased runoff . 

l df a n  orm R k oc 
and R un its 

-

J pp 
Ter 
Te l g  
Tef 
Kr 
Kh 

Up lands KJm 
Tod 

R=450 Kuh 
Kuc 
J op 
J d  
J g 
Jc  
spp 
O mtm 
O mtu 
Q mth 

Terraces 

R=300 O m t l  

O ft 

low lands sb, su , ss, 
R=300 m ,Oa l 

Tab l e  2 1 . Ca lcu la ted s lope erosion,  Curry County, Oregon 1 

Domi nant 
I d soi s an 
K 

-

Sandy loam 
S i l ty loam 
S i l ty c lay 

loam 

K =0 . 35 

S i lty c lay 
S i l ty c lay 

loam 
S i l ty loa m  
C lay loam 

K=0 . 25 
Sandy loam 
S i l ty c lay 

loa m  
S i l ty loam 
K=0 . 30 
S i l ty c lay 

loam 
K=0 . 25 
Sandy loam 
S i l ty loam 
K=0 . 35 
Variab l e  
K=O .  1 -0 . 5  

Typica l  s lope 
i ntensity a nd 

lS (f I or s opes 
cl500 ' l ength)3 

50% 
lS=30 

20% 
lS=1 0 

20% 
lS=1 0 

2% 
lS=0 . 5  

1 % 
lS=0 . 2  

2% 
lS=0 . 5  
0% 

l d A an  cover <PProx imate rates of  erosion 
c 2 tons/ acre/ year tonSlmi l e2/year 
-

. 00 1  . 4 . 7  3 , 1 00 

. 200 940 620 , 000 

. 00 1  1 . 5 960 

. 200 ,�00 1 92 , 000 

. 00 1  1 . 1  705 

. 200 220 1 4 1 , 000 

. 00 1  . 045 29 . 0  

. 200 9 5 , 800 

. 00 1  . 0 1 5  9 

. 200 3 1 92 

. 00 1  . 053 34 . 0  

. 200 1 1  680 
. 00 1 - . 200 D eposi tion 

1 See appendix for der ivation of constants (C , K, lS , and R) . 
2c= . 00 1  for we l l-stocked and w e l l -managed forest; 0 . 2  for no canopy a nd mi nima l ground cover . 
3Figures for lS are extrapo Ia ted beyond empiri co I data and are used for specu lative est ima tes . 
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Many of the diverse factors contro l l i ng  soi l  erosion are brought together in  the Universa l Soi l Loss 
Equat ion deve loped by the U .  S .  Department of Agr icu l ture ( 1 972) : 

A = (R) (K )  ( LS) (C ) (P)  
"A"  refers to the annual soi l  loss i n  tons per acre; "R " is the ra infa l l  intensity factor; " K " i s  a measure 

of soi l erod ib i l ity; " L S "  is a s lope i ntensity factor which considers s lope gradient and s lope l ength; "C." i s  
the land cover and land use factor ; and "P"  is a factor of conservat ion practices . Unt i l  very recently 
empiri cal  data used in  der iv ing the eq uation were based ent ire ly on stud ies of flat to ge nt ly s lop ing agricu l ­
tura l land . Land-use figures now are extended to consider nonagr icu ltura l use s .  Figures for steeper s lopes 
are extrapo lated beyond the range of empirica l data and are used only for specu lative est imates . The 
Un iversa I Soi I Loss Equation is appropriate for est imating pote nt ia l  so i I losses for part i cu lar parce Is of land . 

The U ni ted States Geo logi ca l Survey is now deve loping another technique for estimati ng potentia l 
soi l losses on a regiona l basis (Brown and others , 1 974; R ickert,  ora l communication , 1 975) . This  method 
w i l l  employ series of over lays depict ing s lope , bedrock, land use , and other fac tors for specif ic regions 
and w i l l  defi ne a range of erosion prov ince s .  Co l lati ng these data w i th existing erosion data w i l l  produce 
semi -quantitative estimates of potentia l erosion . The tech nique w i l l  be appropriate for regiona l assess­
ments of erosion and sedime ntation potentia l .  

Di stri bution 

Tab le 2 1  was derived by using the Un iversa l Soi I Loss Equation to approx imate the rates of soi I erosion 
for the various landforms of Curry County under vary ing cond it ions . Va lues for the constants ore derived 
in Appendix G .  It is shown that s lope eros ion i s  most extreme on long steep s lopes of the up lands . Inc l uded 
are areas of hard impermeab le  rocks such as diorite and Ear ly Cretaceous sedimentary rock east of Port Orford ,  
dacite a t  Mount Em i ly ,  and other scattered up land areas . Soi l eros ion rates are less extreme o n  the more 
moderate s lopes under la in by the Otter Poi nt and Dothan Formations , e spec ia l ly i n  shear zones characterized 
by short, irregu lar s lopes and pockets of local deposit ion . Soi l erosion i s  m inor on the terraces ,  and depo­
sition occurs in the lowland s .  Al though the a l ternat ive method of estimat i ng soi l erosion , the Erosion 
Province Method, does not treat ra infa l l  intensity and so i l  texture di rect ly , it wou ld  y ie ld  sim i l ar resu l ts 
i n  the study area and a lso wou ld  y ie ld eros ion province boundaries with i n  the up lands . The technique was 
not used owing to t ime constra ints and t he genera l  orientation of th is  study . 

Impacts 

W here extensive areas have bee n  deforested by fi res , c lear cutt ing ,  road construct ion, or other 
activit ies , the i ncreased rates of sedimentat ion downs lope can adverse ly affect streams (Thompson and 
others , 1 972) . Grove l deposits can be re ndered unsuitable for spawning , and s i l ted stream channe l s  can 
increase the t hreat of low land f lood ing . In addit ion , the loss of topsoi l in  some areas may be so rapid 
that the necessary soi I for forest regeneration i s  lost before new cover i s  estab l ished (F igure 29) . Ca lcu lated 
rates of erosion for long , bare , steep s lopes of 620, 000 tons per square mi le  per year (Tab le  2 1 )  are equiv­
a le nt to a loss of greater than 6 inches of top soi l per year . Where a l lowed to cont inue to a poi nt of pro­
nounced gu l ly format ion t hese processes do irreparab le  damage to the landscape and probably a l so resu l t  in  
more rapid runoff of surface water .  

Recommendations 

Various governmenta l agenc ies are involved in  the contro l of erosion and sedime ntation . The U .  S .  
Forest Service conducts hydro logic stud ies and i nvestigates sedimentation and erosion resu l t ing from forest 
practices on Federa l lands . The Oregon State Univers ity Department of Forestry has an ongoing program 
of i nvest igation of erosion , sed imentat ion , and stream f low re lated to various forest pract ices . The State 
Deportment of Forestry regu l ates forest uses through implementation of the Forest Pract ices Act of 1 97 1 . 
The U .  S .  Soi l Conservat ion Serv ice mops so i l s  and advises local offic ia l s ;  and loca l Soi l and Water Con­
servat ion Districts conduct surveys and promote conservat ion by managing Federa l and State projects w ithin 
the i r boundarie s .  The purpose of these programs is to app ly know ledge of soi l s  erosion to land use so that 
maximum benefits can be derived from the so i l  resource whi l e  erosion is kept with in acceptable l imits .  
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Figure 29. Severe gul lying of an area originally 
exposed by sliding has removed topsoi I, mak­
ing this slope unsuitable for reforestation. 

Slope erosion ond deposition can be minimized by proper planning and management. Roads in the 
uplands should be located on benches, ridge tops,and gentle slopes rather than on steep hil lsides or in 
narrow canyon bottoms. Vegetation removal and soil disturbances should be kept to a minimum during 
construction or logging. Where new land uses wil l  measurably affect infiltration rates, adequate provi­
sions should be made to handle runoff. Other techniques to minimize erosion and deposition include the 
use .of buffer strips and settling ponds along drainages and the application of protective ground cover such 
as mulch, asphalt spray, plastic sheets, sod, or jute matting in critical erosion areas. Logged areas should 
be replanted where reseeding has been unsuccessful. 

For the purposes of regional land-use management it is sometimes desirable to construct soil erod­
ibility maps. With a knowledge of the relative significance of the various factors of soil erosion, mean­
ingful soil-erosion provinces can be defined and can be delineated on maps,using overlay techniques. 
Relative soil loss potentials can then be predicted in advance for planned regional land uses, and correc­
tive measures can be implemented beforehand where necessary . 

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

General 

As discharge of a stream increases, corresponding increases are noted in the width (stream-bank erosion), 
depth {channel scour and rise of water level), and velocity of the stream. Thus, at a given point on a stream, 
velocity increases with increasing discharge. In addition, velocity for most streams increases in the down­
stream direction. This is in contrast to widely held notions of rapidly flowing mountain streams. Present 
information suggests that increasing depth and decreasing channe I roughness and turbulence downstream 
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more than compensate for decreas ing s lope downstream and a l low for the observed sl ight overa l l  i ncrease 
i n  ve loc i ty .  

When ris i ng water i n  streams sp i l l s  out of the estab l ished channe l s  into t he surrounding low lands, 
floodi ng occurs . Various subdiv isions of flood areas i nc l ude the f lood p la in  (subject to inundation by 
l arger floods) , t he floodway (stream channe l s  or channe l s  that convey fast moving waters) , and f loodway 
fri nge (area of the flood p la in  out of t he floodway . but subject to period ic  f lood ing) . 

T he U .  S .  Army Corps of Eng ineers ,  U .  S .  Soi l Conservation Serv ice , a nd U .  S .  Geologica l  Survey 
de l i neate areas subject to f lood ing with  a variety of computor mode l s .  The programs are used to produce 
flood maps for a variety of des i red frequencies . An Intermediate Regiona l F l ood (a lso referred to as the 
1 00-year flood) is t he flood having a 1 percent probabi l ity of occurr ing in  any g iven year . F l oodi ng i n­
d icated for t he  lower Rogue River (see Geo log i c  Hazard Map of  the Go ld  Beach  Quadrang le) i s  an  Inter­
mediate Reg iona l F l ood . The U . S .  Soi i Conservation Service prepared the oriai na l mao i n  1 972 . 

In the absence of stat istical mode l s ,  maps show i ng past f lo�d ing can be 
�assembl�d using flood records, 

h igh-water marks, i nterv iews,  newspaper accounts , and aeria l and surface photographs . Suc h  data are the 
bas is of the f lood-prone areas indicated for most of the streams of western C urry County (see geo log ic  hazards 
maps) . A l though the period of observat ion is approximate ly 1 00 years, t he i nd icated f lood (see geo log ic  
hazards maps) d iffers s ignifi cant ly i n  k ind from the I ntermediate Regiona l F lood . I t  is a composite of  many 
histor ica l  floods of undetermi ned frequency rather than the resu l t  of rigorous stat ist ical  treatment of flood 
data of known frequency . 

For areas i n  which  there is l it t le  or no recorded data , f lood-prone regions can be deduced from topog­
raphy, landforms, soi l s ,  vegetation patterns , and other natura l features . Information of th is sort is gen­
era l ized and const i tutes t he bas i s  for t he de l i neat ion of flood-prone areas i n  t he remote parts of  t he study 
area . In genera l the floocl..prone areas i nd icated on the hazards maps are equiva lent in distribut ion to the 
Intermed iate Reg iona l F lood . 

I n  many upland areas , reaches of streams hav ing l it t le  or no f lood p la in  are the s ites of an add i tiona l 
type of f lood ing characterized by catastrophic erosion and deposition . For lack of a better term these are 
termed flash floods or torrentia l floods . Owing to the l im itat ions of sca le  they are not i ndi cated on the 
geo log ic  hazards maps , but t hey can be i nferred for streams of steep gradient in steep i nterior up lands of 
moderate to high re l i e f .  T hese floods impose constra i nts on roads, fi l ls ,  bridges , and other construction, 
and are d iscussed under Stream Erosion and Deposit ion . 

Causes 

F loodi ng is caused by l arge i ncreases in d isc harge or by a wide variety of natura l or man-caused 
mod ifi cat ions of the channe l geometry wh ich  a lso increase the l eve l of the water in a stream . T he Manning 
equation of stream discharge provides a systematic basis for rev iew ing t he causes of stream f loodi ng and 
for qua l i tative ly predict ing the impacts of various possi b le ch9,nne l  m9.difi cat ions: 

Q = ( 1 . 486/n) (A) (R) 213 (S) 1 12 
where Q is the d ischarge (cfs ) ,  n is the channe l roughness , A i s  the cross sectiona l area of the channe l ,  
R i s  the hydra u l ic rad i us ( A  d iv ided by t he wetted perimeter) , and S is the s lope (grad ient)  o f  the stream .  
F lood ing can be caused by i ncreasing Q or by holding Q constant and mod ify i ng factors o n  the r ight side 
of t he equation so that depth (a factor in A and R)  is i ncreased . 

Most natura l flood ing i n  Curry County is the jo int resu l t  of heavy ra infa l l  and possib le  rapid snowme lt  
(see C l imate ) ,  l ow infi l trat ion rates i nto bedrock (see Engineering Geology - Bedrock Geo log ic Uni ts) , 
.steep s lopes, steep gradients, and low water retention of many of the so i l s .  Most loca l floods reach their 
crest wi th in  a matter of hours after peak precipitat ion . 

Land use can a l so i nf l uence f lood ing by a l teri ng surface-water residence t imes and i nfi l trat ion rates .  
I n  a recent study on  part of  Long I s land ,  New York, urban izat ion of  open land i ncreased the vol ume of 
d irect runoff by factors of 1 . 1  to 4 .6 ,  depe nding on local cond itions , and peak runoff i ncreased by a 
factor of 3 ( Seaburn ,  1 969) . A sim i l ar study of t he Colma Creek drai nage i n  Ca l i fornia revea led a doubl i ng 
of storm runoff, but no c hange i n  peak flow (K nott, 1 973) . A variety of mode l i ng proceduresJs avai lab le 
for predicting runoff patterns i n  areas of changi ng land use (Rantz , 1 97 1 ) . � �  

� 
The impact of loggi ng on stream f loodi ng appears to be min ima l . Stud ies i n  the A l sea dra i nage · ---

(Harri s ,  1 973) and the H .  J .  Andrews Experimenta l Forest (Rothacker,  1 970-a , b) show no i ncrease i n  peak 
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f lows after c l ear-cut logg ing . T hese conc l usions are based on a 95-percent leve l of confidence i n  the ir 
graphica l  comparisons , however ,  and a se lection of a 67-percent leve l of confide nce might y ie ld  different 
concl usions. A l so ,  l it t le attent ion has been g iven to the actua l vol ume of storm-generated runoff (as opposed 
to peak f low in sma l l  watersheds) and the manner of its conveyance through low land areas . The impact of 
i ncreased sed imentation in channe l s  downstream must be further i nvestigated . A fina l consideration is t he 
long-term change i n  runoff patterns i n  areas where de nudation leads to accentuated gu l ly ing and loss of 
topsoi l .  

A benefic ia l  impact of logg ing in  many areas is i ncreased streamflow during dry summer months when  
water consumpt ion is a t  its peak . Removal  of con ifers has bee n shown to  reduce summer evapotranspiration 
by approximate ly 1 8  inches in the H .  J. Andrews Experime nta l Forest (Rothacker, 1 970-a , b) .  As a resul t ,  
summer streamflow after logging i ncreased by about 3 0  percent (Moore , 1 966) . I n  reg ions of drier c l imate , 
th inner soi l s ,  and less uniform orig ina l  con ifer cover this be nefic ia l  impact of logging wou ld  be less dramati c .  

I f  discharge (Q) i s  he ld  constant ,  flood ing can be generated or aggravated by modification o f  the 
cross-sectiona l area (A) or s lope (S) . Thus ,  art i fi cia l  fi l l ,  other  obstruct ions (road fi l l ,  bridges, structures) 
in stream channe ls  or floodways , gravel  depos i tion ge nerated by increased s lope erosion (see S lope Erosion), 
and channel b lockage by lands l ides can contri bute to flood potent ia l .  The F lood Insurance Act of 1 968 
administered by the U .  S .  Department of Hous ing and Urban  Deve lopment and the Natura l Hazard Goa l 
adopted by the Land Conservat ion and Deve lopme nt Commission regu late obstruct ions in the floodway . 
P lacing of fi l l  i n  channe l s  is regu lated by the U .  S .  Army Corps of Eng i neers and the State Land Board . 

S lope (S)  is i nf l uenced by t ides , storm surge (see Ocean F loodi ng) , aggradation (see Minera l Resources ­
Sand and Grave l ) ,  spit deve lopment (see Wave Erosion and Deposit ion) , and channe l mod i fications . I f  
s lope (S) is decreased , then  cross-sectiona l area (A) (and , therefore , depth ) must be i ncreased accordingly 
to accomodate a given discharge , and f lood i ng may resu l t .  Other factors which i nf lue nce flood ing i nc lude 

· water impoundment by log jams , and impoundment or stream diversion by snags . 
The impact of channe l modi fi cations for flood contro l ,  aggregate remova l ,  erosion contro l ,  or other 

purposes depends on the spec i fic  condi tions at a g iven s i te . Thus, channe l restr ictions in  midd le reaches 
of a stream may aggravate f looding in an undesirab le manner . In the estuarine reaches , however ,  restr ic­
t ions may favorably i ncrease ve loc i ty and reduce sedimentation. The tra in ing dike constructed a long the 
south side of the mouth of the Rogue R iver (see Stream Erosion and Deposit ion) was designed spec ifica l ly 
to d irect currents agai nst the north shore and to reduce shoa l i ng in the North Bank turning bas in .  It i s  
imperative that channe l modifi cations be preceded by we l l -informed investigat ions of the hydrology of  the 
part icu lar reach of the specif ic stream in question.  

Bas in  characterist ics, flow data , tida l c haracterist ics ,  current characterist ics ,  and fish resources of 
the major streams and r ivers of western C urry County are summarized on Tab le 22.  

Distribut ion 

T he i nd icated di stribution of potentia l f lood i ng on the geolog ic  hazards maps is based primari ly upon 
stat ist ica l  analysis a long t he lower Rogue R iver (U . S .  D .  A .  Soi l Conservation Service , 1 972-a);  physi ca l  
features and records of the 1 964 f lood i n  the central and southern parts o f  the County; and physica l features 
and numerous h istor ica l f loods in the northern part of the County , where the impact of the 1 964 flood was 
not exceptiona l . The flood ing indicated for the lower Rogue R iver i s  for the Intermediate Reg iona l F lood , 
and the flooding for other areas is genera l ly equiva lent to that of an Intermediate Regiona l F lood . 

Surface e l evation of an Intermediate Reg ional F lood at the mouth of the Rogue R iver is 1 8  feet msl  
and inc l udes consideration of a h igh t ide with an e levation of 6.3 feet ms l .  The Intermediate Regiona l 
F lood is 7 . 4  feet deeper than a 1 0-year flood downstream from Squaw Creek and is 1 1 . 0 feet deeper than 
a 1 0-year flood upstream from Squaw Creek . Distribut ion of the Intermediate Regiona l F lood ( 1 00-year 
f lood) i s  approximate ly equiva lent to the distribut ion of the 500-year f lood . 

Genera l  d ischarge data and recurrence freq uencies for the major f loods of the Rogue R iver are sum­
marized on Tab le  23. 



Tab l e  22 . Bas ic  streamflow and t ida l  data for major streams, Curry County, Oregon* 

Dra inage and Rainfa l l  F low (cfs) Tides 
area sq . mi les i nch/year Maximum Min imum Mean Mean D iurna l Tida l mixing 
Ch etco R iver 80- 1 20 65, 800 52 1 ,  700 5 . 1 6 . 9  N o  info . ,  probab ly 
359 1/16/71 1 0/ 14/70 we l l -mixed i n  summer 

to two-layered i n  
w i nter 

E l k  River B locked to wel l -
94 65-1 20 1 4, 300 48 6 1 0  5 (est) --- mixed 

Pistol River 80-1 1 5  5 (est) --- B locked to we l l -
1 06  (no information; undoubted ly  mixed 

si mi lar to E l k  River) 

I 
Rogue River 90- 1 20 290, 000 608 7, 800 4 . 9  6 . 7  (5 . 5  Probab ly we l l -mixed 
5, 1 00 study 1 2/23/64 7/68 prior to i n  summer to two-

area (Gold Beach j etty con- layered in wi nter 
est . 500, 000) s truction) 

S ixes River 60- 1 1 0  23, 800 1 8  646 5 (est) --- Wel l -mixed in sum-
1 29 mer to two- layered 

i n  winter 

Wi nchuk River 80- 1 05 --- 3 --- 5 (est) --- Wel l -mixed in sum-
70 9/34 mer to two- layered 

i n  wi nter 

* Adapted from Percy and others, 1 974 

Anadromous fish 
Chi nook 
Coho 
S teelh ead 
Cutthroat 
Ch i nook 
Coho 
S teelh ead 
Cutthroat 
(cr i tic a I summer flows) 
Ch inook 
Coho 
S teelhead 
Cutthroat 
(cri tica l summer flows) 
Chi nook 
S tee lhead 
Coho 
Cutthroat 
Ch i nook 
Coho 
S teelhead 
Cutthroat 
(cri tica l summer f lows) 
Ch i nook 
Coho 
Steelhead 
Cutthroat 
(cri t ica I summer flows) 
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High water mark data used by the U .  S .  Soi l  Conservat ion Serv ice i n  deve loping the Intermediate 
Regiona l F lood for the lower Rogue R iver is on fi le i n  the Port land Regiona l  Office of that agency . Water 
leve ls  inc l uded e levat ions of 35 feet at the Saunders Creek P lywood Mi l l  and 80 feet at Lobster Creek , 
where debris was deposited on the bridge deck . Farther upstream water e l evations were 170 feet at Agness , 
where water rose to the foundation of Lucas Lodge and where water was 6 feet deep i n  the g ift shop of 
Sing ing Spring Ranch . Dur ing the fl ood the water rose over 80 feet above the leve l of low water .  

During the 1 964 flood , water inundated severa l dwe l l ings a long the North Bank Road of  the Chetco 
R iver (Figure 30) and extended to the Squaw Va l l ey-Oph ir Road Junction a long E uchre Creek . Mi nor 
floodi ng occ urred a long the Sixes R iver, but it is notewort hy that the Post Office was not flooded and 
never has been flooded since its construct ion . Along the E I k R iver, flood waters flooded Marsh Ranch 
(SWl sec . 26, T .  32 S . ,  R. 15 W . )  and a trai ler house (NWl sec . 27) .  F lood ing of F loras Creek dur ing 
the flood of 1 964 was not cons idered noteworthy by loca l residents . 

Impacts 

Tab l e  23 . Discharge and recurrence frequency of major floods of the Rogue River* 

D ischarge i n  c fs 
Year (at Grants Pass) 
1 86 1  1 75 , 000 
1 890 1 60, 000 
1 907 60, 000 
1 909 70, 000 
1 927 1 38, 000 
1 942 54, 000 
1 943 70, 000 
1 948 60, 000 
1 950 65, 000 

Recurrence 
frequency 

63 years 

· 38 years 

1 953 77, 000 8 years 
1 955 1 35 , 000 37 years 
1 964 1 52 ,000 50 years 
*Adapted from S tate Water Resources Board ( 1 959) 

F looding destroys structures through current act ion , s i ltat ion (see Stream Eros ion and Deposit ion) 
and water damage . It inf l icts losses on agri cu l tura l land by scouring topsoi l ,  erodi ng streambanks, s i l t i ng 
crop lands (see Stream Erosion and Depos i t ion) ,  and k i l l i ng l ivestock . It threatens peop le by iso lat ing 
dwe l l ings ,  damagi ng property , disrupt ing transportation , and pol l ut i ng or d isrupt i ng water supp l ies . Impacts 
in C urry County inc l ude damage associated with stand ing water on the north coastal p la ins and damage 
associated w ith rapid ly moving water in the lower reaches of the Rogue River . 

The f lood of 1 964, resu l t ing from torrentia l rai ns and a rapidly me l ti ng snowpack, did $7 mi l l ion 
worth of damage i n  Curry County . The Rogue River area was hardest h i t .  At Agness the I l l i nois  River 
Bridge , wh ich  norma l ly stood 90 feet above the water ,  and the sw inging bridge were tota l ly destroyed . 
Two dozen homes were damaged or destroyed . Loca l ly ,  water rose 83 feet and flooded areas that were dry 
during the flood of 1 890. The Rogue River bridge immediate ly upstream from Agness was undamaged ,  but 
was l i ttered with water-borne debri s .  At l l lahee , ra i nfa l l  for the period December 1 9-23 tota led 2 1 . 9 
i nches, with 8 . 2 i nches fa l l i ng in one 24-hour per iod . 
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Figure 30. A small group of trees was all that prevented this house from floating 
out the mouth of the Chetco to the Pacific Ocean during the flood of 1964. 
View is on the west bank of the river looking north toward Snug Point. (Photo 
courtesy of the Brookings Harbor Pi lot} 

Figure 3 1 .  Rogue mail service boats were anchored in the driveway of Lex 
Fromm's boot house during the 1 964 flood. (Photo courtesy of the Curry 
County Reporter} 

97 
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Figure 32. Boats in the Del Rogue parking lot at Wedderburn during the 
1964 floodwere later washed to sea when the water rose severo! more 
feet . (Photo courtesy of the Curry County Reporter) 

Figure 33. Water rose to window si l l  heights at Angler's Resort and other 
establishments along the Rogue River at Wedderburn during the 1964 
flood. (Photo courtesy of the Curry County Reporter} 
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Downstream, water flowed over the Lobster Creek Bridge and washed away Lucky Lodge on the nOfth 
bank of the river 6 mi les upstream from the mouth. 

At Gold Beach, 24 commercial enterprises were flooded by as much as 15 feet of water (Figures 31,  
32, and 33). Three industries were damaged by water up to 6 feet deep, and seven homes at the Kimble 
Kourt subdivision were washed off their foundations. Water rose to within one foot of the eaves of the 
Drift Inn Motel and was at window-sill heights at Jot's El Rio Vista Motel. Water crossed the rood at the 
Rod 'n' Reel Restaurant. A total of 30 families were evacuated from their homes in the Gold Beach area. 
At the mouth the north jetty was undercut by eroding currents (see Stream Erosion and Deposition} requiring 
$500,000 in repairs. 

At the mouth of the C hetco River, water rose 5 feet above the 12-foot gage and flooded much of the 
port area with 6 feet of water. Boat basin damage {Figure 34) and flood damage along both banks of the 
Chetco River totaled $500,000. Twelve feet of silt was deposited in the small boat basin and total reme­
dial dredging was approximately 70,000 cubic yards. Damage along north coastal streams in Curry County 
was localized and was not considered notable in a regional sense . 

Figure 34. Damage caused by the 1 964 flood at the Port of Brookings exceeded 
several hundred thousand dollars. (Photo courtesy of the Brookings Harbor Pilot) 
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Recommendations 

F lood condit ions in Curry County are high ly var iab le,and no regiona l g u ide l ines are offered for 
dea l ing with the hazard . T he greatest dangers are i n  the rapid ly deve lop ing val ley areas of the Chetco 
and Rogue R ivers , which are subject to rapid ly moving f lood water . The Rogue R iver is d esignated as 
zone V (high current ve locity hazards in  addit ion to high water) in an Intermediate Reg ional F lood ana lysis 
deve loped by the U. S .  D .  A .  Soi l s  Conservation Service ( 1 972) . Bui lding codes , zoning ordi nances ,  
and management regu lat ions must be  the most stringent in  these areas . Construct ion of  dams in  the head­
waters of the Rogue River col lective ly wou ld reduce the flood potential  of the Rogue R iver .  However , 
eva l uation of regiona l proposa ls  such as this must proceed on the basis of a systematic ana lysis of a l l  of 
t he potential  benefits and adverse impacts . 

Sma l l  levees of loca l extent in t he sma l ler dra inages are an effect i ve defense against frequent sma l l  
f loods , but larger levees of more regiona l extent in  the larger dra i nages probably wou ld not be rea l ist i c  
owi ng t o  the h i g h  cost o f  construction and the d i ff icu l ties o f  maintai n ing such structures against strong 
currents.  Hazards of ponding and standing water of reg iona l extent in t he north coasta l p la ins area may 
be hand led in many i nstances by requirements for d isc losure statements in land transact ions, prov i sion for 
the erection of flood-warning s igns, and requireme nts for construction on fi l l  or p i l i ng above the leve l of 
f looding in suitable areas . Des igns for road fi l l  in th i s  area shou ld a l low for the passage of water .  The 
removal of grave l from large and midd le -sized rivers i n  western Curry County probably mi nimizes flooding 
by a l lowing for the more efficient conveyance of f lood waters . Road and housing deve lopments a long t he 
sma l ler drai nages and creeks must be p lanned and engineered to accomodate runoff . Bas ic concepts of 
i ntegrating bas i n  s ize , infi l tration rates , land use , and rainfa l l  patterns into est imates of stream discharge 
are reviewed by Rantz ( 1 97 1 )  in t he San Francisco Bay areaJ Unfortunately s im i l ar gu ides are not avai lable 
for Oregon . However ,  Whee ler ( 1 97 1 )  provides graphical techniques for crudely determining the magnitude 
and frequency of f lood peaks for ungaged basins of coasta l Oregon . 

Assistance in deve loping f lood-p la in  management p lans is provided by the Oregon Department of 
Water Resources, and broad po l i cies are formu lated by the Land Conservation and Deve lopment Commission . 
T he U .  S .  Soi l  Conservation Service administers the Watershed Protection and F lood Protection Act of 1 954 
and provides technical  assistance for channe l protect ion and other f lood-re lated projects . 

Dec larat ion of a flooded area as a disaster area by the Governor a l lows the re lease of funds for the 
restoration of pub l i c  fac i l it ies, river-bank repa ir,  and low-i nterest loans to i ndividuals and sma l l  businesses . 
Assistance of this type is coord inated by the Office of Emerge ncy Preparedness , t he State Emergency Servi ce 
Center ,  and local officia l s .  

Emergency preparedness inc l udes flood forecast i ng and flood warni ngs by the Nat iona l Weather Service 
R iver Forecast Center in Port land . F lood fight ing by local personne l is commonly supp lemented by the U. S .  
Army Corps of Eng ineers and is coordinated by t he State Emergency Operations Center . The F lood I nsurance 
Act of 1 968 is adm inistered by the U. S. Department of Housing and Urban Deve lopment with the assistance 
of the State Department of Water Resources and prov ides flood insurance to i ndividuals and busi nesses i n  
regu lated deve lopments . 

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  

Ge nera l 

Most streams and rivers exhibit a bal ance between ve locity ,  discharge , sediment load , channe l 
roughness , stream w idth,and stream depth . Changes i n  any one of these parameters i nev itably leads to 
changes i n  one or more of t he others . T hus changes i n  discharge are genera l ly accompanied by changes 
in ve locity, load , w idth , and depth .  I n  addit ion , i t  i s  noted that a lt hough stream ve loc ity genera l ly 
i ncreases i n  a downstream di rection (see Stream F looding) , the capacity to transport large part ic les is 
greatest in the upper reaches .  Th is apparent contrad ict ion arises from greater turbu lence of mountain 
streams as opposed to streams w ith f lood p lains .  The potential energy of fa l l i ng water i s  transl ated into 
turbulence , fri ction , and erosion i n  steep rugged channe I s ,  whereas it is directed i nto the k inetic energy 
of swift ly flow ing water in the lower reaches . Slope a l one does not control t he size of part ic les be ing trans­
ported . 
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Sediment transported along a stream bed by bouncing, rolling, or sliding is termed bed load. The 
bed load of the major streams of the study area is dominated by gravel and coarse sand. Material suspended 
above the stream bed by turbulence is termed the suspended load. C lay and silt predominate, although 
sand also can be transported in suspension under favorable current conditions. Where stream velocities 
are reduced by obstructions or other channel features, deposition occurs. 

Uplands 

Severe storms generate torrentia I flows of high-velocity waters which greatly erode upland. stream 
channe Is. Recent torrential flooding is easily detected on the basis of unvegetated, coarse, stream-bed 
deposits (Figure 35) . and scattered debris. Where vegetation has reclaimed the channel, recognition of 
torrential flood potential is based upon observations of indirect features including steep side slopes, steep 
gradients, impermeable bedrock, narrow stream channels, and the absence of a flood plain. Channels 
characterized by torrential flooding and channel scour pass downstream into topographically more mature 
landforms such as flood plains or estuaries. 

Torrential flooding in the uplands commonly destroys roads and bridges (Figure 36). Where torrential 
flood channels spill onto flat terrain, rubble and debris fans may quickly bury roads and clog culverts. In 
these areas periodic road maintenance and clearing often prove more economic than culvert repair and 
clearing. An example of the erosion and deposition associated with torrential flooding is provided by the 
Bradford Creek drainage midway between Gold Beach and Agness on the Rogue River. Large amounts of 
debris derived from upslope have formed a large debris fan against road fill for the Rogue River Road. A 
short distance to the east, torrential flooding in the winter of 1 974-75 washed out the Rogue River Highway. 
Torrential flood damage to the Rogue River highway is a common winter occurrence. 

Figure 35. Where torrential floods spi II onto 
flatter terrain, debris scoured from upland 
areas is commonly deposited as debrisfans. 
Note the logged-off, steeply sloping ter­
rain in the background .  
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Road fi l l s a long torrent ia l  stream channe ls shou ld  be d iscouraged in critical areas of scouring or 
stream-bank erosionJ Where necessary , road fi l l s  should be cribbed or composed of adequate ly sized 
materia l (Figure 37) to resist erosion (Figures 38 and 39) . Gul ly crossings shou ld either be constructed 
with adequate ly sized and properly engineered cu lverts or shou ld be bridged . Where cu lverts are used , 
periodic mai ntenance is recommended to assure that the cu lverts do not become blocked with debri s .  A l so,  
carefu l l and management of  ups lope areas can great ly m inimize the magnitude of  s lope erosion (see S lope 
Erosion) and can greatly reduce potentia l hazardous deposition . Where resident ia l  construction is ant ic i­
pated, provis ions should be made to assure that no deve lopment is a l lowed i n  the actua l f lood channe l and 
that bridge abutments and channel crossings do not significant ly a l ter streamflow . 

F lood p la ins 

Streams and rivers with flood plains d iffer considerab ly  from up land streams , Major differences 
i nc l ude gent ler gradients, broader va l leys with higher bank-storage potent ia l ,  and unconso l idated a l l uvia l  
depos its beneath the stream and to the side as opposed to channe l s  of bedrock . As a resu l t, the hydro logic 
c haracterist ics of flood-p lain streams are considerably di fferent from those of up land streams . The re lative 
ease of erosion of the surrounding depos its a l lows greater flexib i l ity of channe l width, depth,  gradient , and 
geometry in response to changes i n  discharge and ve loc ity . Patterns of erosion and depos ition are genera l ly 
less catastrophic than those observed in the up lands, a l though the force of moving water on large objects 
can be considerable (Figures 40 1 and 41 ) .  

E rosion i n  the flood p la ins is restricted primari ly to the channe l and to the outer bends of meanders , 
Deposit ion inc ludes the format ion of bars on the inner bends of meanders, sett l ing of bed load with decreasi ng 
carrying capacity ,  and general si I tat ion of the flood p la in as si It and c lay sett le from re lative ly s low-moving 
overbank floodwaters . Materia l  t ransported by the streams i nc l udes suspended si It and c lay (Figure 42) , and 
bed load grave l and sand . F ine- to very fine-grai ned sand is transported either as bed load or in suspension, 
depending upon current ve locity and turbule nce , Colby ( 1 963) shows that considerable amounts of fine-
to  very fine-grai ned sand are transported in suspension in  the Miss issippi River, H igh  stream velocit ies 
duri ng flood ing and the re lative paucity of fine - to very fine-grained sand in the channe l deposits of the 
major streams of Curry County suggest transport of suspended sand of this size during flood ing .  The re lotion­
ship between water ve loc i ty and genera l  sediment transport is summarized in  Figure 25. 

Undercutt ing by stream-bank erosion is a hazard on a l l  major meanders of large- to medium-sized 
rivers in coasta l Curry County inc l uding the Rogue , Chetco, Sixes , P isto l , and E l k  R ivers . Undercutt ing 
is a minor hazard on severa l major bends of larger creeks and streams inc l uding F loras Creek,  Hubbard 
Creek , and Euchre Creek . Sma l ler sca le undercutting is noted on sma l ler streams but is of minima l  impact 
to l and use . Undercutting by stream-bank erosion can destroy roads, remove land , and in i tiate lands l ides, 

Impacts of stream-bank erosion can be minimized by properly locating structures away from areas of 
potential undercutt ing or by re inforc ing threatened stream banks with adequate ly designed and p laced rip­
rap . Logjams and snags in channe l s  may init iate loca l undercutt ing and shou ld  be removed where necessary . 
In p lanning for long-range deve lopment , rates of meander migration must a lso be considered to assure that 
undercutt ing does not become a critical problem at a future date . 

Streams are ba lanced systems of sed iment transport in which channel modifications unre lated to 
erosion control may possib ly resu l t  in undesirab le patterns of erosion or deposition, A carefu l consider­
ation of a l l  aspects of stream regimen is recommended prior to any major changes , F ina l ly., the complex­
ities of streams must be recognized , The impacts of a given activity or erosion-control technique on a 
stream may vary between streams and may a l so vary w ith specific lo..:ation on a given stream.  

Estuaries 

Estuaries are characterized by low gradients , comp lex tida l currents, ocean flood ing ;  and sedimen­
tation from l ittora l drift as we l l  as from stream deposit ion . Patterns of water circu lation are control led by 
the magnitudes of the t ides ,  stream discharge , and storms , and a l so by the geometry of the bay . High tides, 
low stream flows,and sha l low ,  wide bays promote water mixing . Low tides, high stream flow ,  and narrow 
deep bays promote two-layer and partia l ly mixed water systems , Where wedge systems are deve loped , sa l t  
water flows into the bay a long the bottom of the bay and common ly transports large quant it ies of l i ttora l 
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Figure 36. The flood waters of 1 964 destroyed the swinging bridge at Agness . 
(Photo courtesy of the Curry County Reporter) 

Figure 37. Riprap is used to protect the county 
road on the outer bend of a meander a long 
the Pistol River. 

103 
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Figure 38. On the south side of Humbug Mountain an overflow chan­
ne I has been carved out of the slope to direct excessive runoff of 
Brush Creek directly to the ocean. 

Figure 39. The lower reaches of Brush Creek, downstream from the 
cutoff channel shown in photo above, are cemented to prevent 
undercutting of the highway. 
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Figure 40. This boot was left hanging from the trees by the 
flood of 1964 on the lower Rogue River. (Photo courtesy 
of the Brookings Harbor Pi lot) 

Figure 41 . This two-bedroom home was moved a fourth of a 
mile downstream from its Kimble Kourt "mooring" before 
being deposited during the flood of 1 964. (Photo cour­
tesy of the Brookings Harbor Pi lot) 
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sediment into the estuary . In Curry County the mouths of medium-sized streams commonly become c logged 
with littoral sand (see Wave Erosion and Deposition) in the late summer when low stream flows are insuf­
ficient to maintain open channels to the sea. 

Figure 42. Warrenton Sea Food execu­
tive kneels in 4 inches of mud and 
silt to dramatize the problems of de­
position associated with flooding. 
(Photo courtesy of the Brookings 
Harbor Pi lot) 

Rogue River: Current and tidol data for the Rogue River are summarized on Table 22. The 6.7-foot 
diurnal tidal range is considerably greater than the 5.5-foot range estimated for the bay prior to construc­
tion of the jetties. The extreme high tide of 1 4  feet (on tidal gage) is less than a computed 18-foot level 
for the Intermediate Regional Flood. 

The estuary of the Rogue River is relatively norrow and deep and is characterized by two-layered to 
partially mixed current systems. Shoaling is most rapid in the summer, when l ittoral drift delivers sand into 
the bay from the north and waves transport it upstream to form a prominent spit against the south jetty (see 
Wave Erosion and Deposition). Sediments consist of fine sand over coarse gravel .  It has been estimated 
that a flood with a discharge of 400,000 cfs del ivers one mil l ion cubic yards of sediment to the ocean. 
Gradients for the Rogue River average 4 feet per mile to river mile 26.5 and 1 2  feet per mile from river 
mile 26.5 to river mile 85. 

Prior to jetty construction the mouth of the Rogue River was 200 feet wide and was characterized 
by depths of 2 feet in the summer and depths of 9 feet in the winter. The south jetty was completed in 
1 959 and the north jetty in the fol lowing year. A boat basin along the north jetty was completed in 1961 . 
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. Tota l amount  of mater ia l  dredged for t hese pro jects was 6 1 8 , 000 cubic yards . By September 1 963 the boat 
bas i n  was shoa led to a depth of on ly 2 feet . 

A t ra i n i ng d i ke was constructed a long the south bank to d i rect curre nt action agai nst t he north bank 
i n  an  attempt to m in imize shoa l i ng .  The flood of 1 964 (500, 000 cfs) destroyed t he tra i n ing d i ke ,  u ndercut 
parts of t he north j etty , a nd in p laces  scoured the channe l to dept hs of 44 feet . The tra i n i ng dike was 
comp leted by l oca l i nterests to protect t he south  bank t urn ing bas i n .  C hanne l work was comp leted in 1 972 
and the boat bas in  was redredged in 1 974 wi th t he assistance of the U .  S .  Army Corps of E ng i neers . For 
lack of use t he north boat basin was abandoned . Dredg i ng 'i n the estuary averaged 1 1 2 , 000 c ubic yards 
between 1 962 and 1 973 .  Dredg ing i n  the boat basin averaged 72 , 800 c ub ic  yards . 

Wave refract ion patterns,  water depths ,  and patterns of depos i t ion of  l i ttora l sand i n  t he estuary 
i nd icate t hat the north j etty is too short . T he south  jetty exte nds 260 feet farther i nto t he ocean t ha n  
t he north jetty . Extension of t he north jetty for a n  addit iona l 1 , 200 fee t  may b e  necessary ( U .  S .  Army 
Corps of E ng i neers , 1 970) . Al though water depths of 1 3  feet  are aut horized in the c hanne l ,  depths of 3 
to 4 feet are often obta i ned on t he bar, and depths of 7 to 9 feet  are often experienced on t he channe l . 
Authorized dredgi ng of 200, 000 cubic yards per year have not been  rea l ized,as is show n  by t he annual  
dredg i ng average of 1 1 2 , 000 cub ic  yards per year . 

Chetco R iver: Current and t ida l  data for t he C hetco R iver are summarized on Tab le  22 . The d iurna l 
t ida l range i s  6 .  9 fee t  and t he extreme high tide is 1 2 . 3  feet . T he estuary of the C hetco R iver is charact­
erized by two-layered and part ia l ly m ixed current  systems in t he w i nter and by we l l -mixed waters in the 
s ummer . Rough water is experienced when southwest storm waves are reflected off the north j et ty i nto t he 
c hanne l .  Damage is genera l ly not experience d ,  but s hoa l ing is promoted around the ends of t he jett ies 
at these t imes . Shoa l i ng by l i ttora l drift from the north i s  not a prob lem because the estuary i s  protected 
by Chetco Point immediate ly nort h of the mout h .  

A l l jett ies and c hanne l modifications were completed i n  1 957 . A protective d ike near the boat 
bas in  was a l so comp leted that year and was en l arged in 1 959 a nd 1 963 .  I n  1 970 t he jetty was modified 
to reduce shoa l i ng .  I t  was l engthened 450 feet a nd was ra i sed to an  e l evation of 16 feet .  Other  mod ifica­
t ions i nc l uded construction of a tra i n i ng d i ke and construction of channe l s  and a turn ing basi n .  

Shoa l i ng i s  restri cted to deposit ion by northerly d i rected l i ttora l drift near t he end of t he south jetty 
i n  the spring and to f luv ia l  shoa l i ng near the e ntrance of t he moor ing basi n during f loods .  Dredg ing averaged 
1 7 , 29 1  yards per year between 1 963 a nd 1 973 .  Dredged mater ia l  consisted of med ium-grained sand and fine 
grave l . Loca l  dredging has not been required for t he boat bas in  a nd barge s l i p  operated by the Port of Brook­
i ng s .  Loca l  i nterests provide bucket dredg ing of t he entrance of the boat bas i n  to a l low passage of l umber 
barge s .  
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G EOLOGY OF C IT I E S  

G e n e r a l 

T he major communit ies  of western Curry County are , from north to sout h ,  Port Orford , Gold  Beach , 
and Brooki ngs . Ana lysis of the geo log ic  condi t ions for each of t he communit ie s  wi th  regard to l and use 
para l le l s  t he technique o ut l i ned in F igure 1 a nd i nc l udes 1 )  use of t he geo log i c  maps to determi ne geo­
log i c  u nits , 2) use of the geo log ic hazards m aps to dete rm i ne geologic hazard s ,  3)  use of t he text to 
deve lop more prec ise i nformation where ava i l ab le , a nd 4) fie l d  i nvest igations to deve lop on-site i nformat ion . 
T he d i scussion i n  th i s  section does not take t he p lace of additiona l on-si te i nvest i gations needed for the 
eva l uation of spec i fic pro jects or p lots of ground . I t  doe s ,  however , prov ide va l uab le guidance i n  t he 
conducting of on-si te i nvesti gations , a nd i t  demonstrates the systemati c a nd proper u se of  th i s  bu l le ti n . 

P o r t  O r f o r d  

Geologic un i ts 

Geologic un its i n  t he Port Orford area i nc l ude surfic ia l  terrace depos its of the Q uaternary midd le 
a nd upper marine terrace depos i t s ,  stabi l i zed dune sand north of T he Heads , beach  sand deposits  borderi ng 
t �e bay , marsh depos i ts a long many of t he major streams , and t he Otter Poi nt Formation exposed i n  sea 
c l iffs (F igure 43) . 

The Otter Poi nt Format ion cons ists primar i ly  of a l tered basa l t ,  cong lomerate , and sandstone, w it h  
m i nor serpent in ite i n  shear zones� The  un i t  has good foundation stre ngth i n  t he Port Orford area and  i s  
capab le  of support i ng most structures . Loca l ly it may be present very near the surface ,  which cou ld  resu l t  
i n  ·h igh i nsta l lat ion costs for underground ut i l i t ies and  i n  septi c-tank fa i l ures .  N orth o f  town a l arge b lock 
of  b luesc hist ass igned to t he Otter Poi nt Formation is quarried for aggregate (see Table 1 2) .  

T he Q uaternary midd l e  mari ne terrace deposits form t he f lat terra i n  u nder most o f  the o l der parts of 
town,and the Quaternary upper mar ine terrace deposi ts form t he d issected s lopi ng areas immediate ly east 
of  tow n and on The Heads . T he un its consist of  horizonta l ly bedded , semi -fr iab le , fine- to coarse-gra i ned 
sand with  grave l l e nses in  p laces .  Iron pans  are present i n  t he sub-surface of  parts of t he midd l e  mari ne 
terrace un i t . 

Stab le dune sand b l ocks t he exi t  of loca l dra inages on t he northwest s ide of tow n  and are responsib l e  
for t he format ion of  Garriso n  Lake . T he dunes are not acceptab le  for most forms of  deve lopment because 
of w i nd erosi on and deposi t ion ,  coasta l  erosion ,  a nd ocean flood i ng .  Compress ib le  so i l s  may be prese nt 
i n  t he subsurface . 

Stream channe l s  leading i nto Garr i so n  Lake are f looded near their  e ntries to the l ake and are char­
acterized by marsh deposi ts . These regions are not suitab l e  for deve lopme nt .  Roads p laced upon fi l l  
passing over t he marsh are suscepti b le  to set t l ing . Coring prior to construct ion i s  genera l ly necessary to 
adequate ly defi ne regions of potentia l sett l i ng ,  and speci a l  e ngi neer ing is requi red to hand le the prob l em . 

Geologic hazards 

Geologic hazards in various parts of Port Orford i nc l ude mass movement , wave erosion , f lood i ng ,  
s lope e rosion , a nd eart hquake potent ia l . The hazards a re loca l i zed i n  d i str ibution a nd are ge nera l ly not 
severe . 

Mass movement inc l udes 1 )  rock fa l l  a long  coasta l head lands,  2) s lough i ng of terrace materia l from 
headl a nds composed of massive , harder bedrock ,  a nd 3) massive earthflow a long t he broad shear zone t hat 
is exposed i n  sea c l iffs from t he mari na eastward for a d i stance of approximate ly  1 m i le . The s lough i ng 
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Figure 43. Port Orford aerial photo showing geologic units. 
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of terrace mater ia l  from head lands is caused i n  part by the  accum u lat ion  of ground water a long t he i nter­
face between terrace materia l  a nd under l y i ng impermea b le bedrock (see Geologic Hazards - Wave Erosion 
a nd Deposi t ion - Head land a nd sea c l i ff eros ion) a nd part i cu lar ly dangerous to s ightseers and h ikers . The 
shear zone i n  t he sea c l i ffs sout h of Port Orford is of l ate Cenozoic age a nd is character ized by hummocky 
topography i n land from the beaches . Construction of perma ne nt structures i s  not recomme nded , a l t hough 
stab le  areas w i th in  the s l i de reg io n  may exist .  

Coasta l  retreat o f  sea c l i ffs provides  most o f  the materia l for t he beaches wh ich  l i ne the bay . S l ides 
generated by undercutt ing in the Port Orford Shear Zone (above) historica l ly have carried mater ia l  to t he 
low tide l i ne to be later eroded by wave s .  Sea c l i ff erosion i n  t he Bat t l e  Rock area has removed severa l 
tens of fee t  of h igher  land s i nce t he turn of the century . I n  1 9 1 5  gent ly s loping pasture land exte nded 
seaward to w i th i n  approx imate ly 50 fee t  of Bat t le  Rock . 

Wave ref lection and refraction from t he beach at Port Orford draws sed ime nt from t he beach seaward 
to produce shoa ls around t he piers and in the turn i ng bas i n  (see Wave E rosion and Deposit ion - Port Orford 
beach) . If dredgi ng of the turn i ng bas in  is conducted on  a long-term bas i s ,  a nd i f  t he dredged materia l  i s  
d isposed of at sea ,  it is conce ivab le that loss of  mater ia l from t he beach wou ld  l ead to i ncreased rates of  
mass movement i n  t he sea c l i ffs east of Batt l e  Rock . The Corps of  Eng i neers s hou ld  be advised to i nvestigate 
th i s  possib i l i ty at t he i r  V i cksburg fac i l ity prior to any dredg ing program . Poss ib ly  a ser ies  of gro i ns on the 
beach wou ld  provide a so l ut ion to t he prob l e m  of shoa l i ng in t he Bay . 

N o  danger of ocean f looding exists w i t h i n  the i nhabited parts of Port Orford . Howeve r ,  tsunam i  
potent ia l  on t he beaches const i tutes a hazard to  beac hcombers and to t he mooring fac i l i t ies ,  a nd a re l iab le  
warni ng system is recommended . Storms i nfl icted considerab le  damages upon t he moor i ng fac i l it ies  and 
boats prior to construct io n  of the je tty . Present shoa l ing prob lems are part ly t he resu l t  of jetty construction 
(see Geologic Hazards - Wave Eros ion and Depos i t ion) .  Extreme h igh  t i de for t he bay is approx imate ly 
1 3  fee t .  

I n  genera l ,  the stream. va l l eys have steep side s lopes i n  the ir
.
lower reaches a nd f lat low- ly i ng 

marsh areas upstream from t he i r  mouths a l ong  t he various arms of Garr ison Lake . The hydro logy of t he 
lake is such t ha t  the water l eve l varies approxi mate ly 5 fee t  or less dur i ng the year.  Consequent l y ,  
a reas sub ject t o  stream f lood i ng are restr i cted to t he marshes upstream from the ends o f  the s loug hs ,  rather 
than a l ong the banks of the s lough s .  

W ith i n the c ity l im i ts , scattered  low-lying areas of impermeab le  soi l  induce ponding a nd h i g h  ground­
water tab l es duri ng the w i nter months , and baseme nts and ot he r  excavat ions may be sub ject to f lood i ng .  
T he p lac ing of fi l l s  i n  low - ly i ng a reas m ust be proper ly contro l led to a l low for proper dra i nage a nd to 
assure that saturat ion of t he fi l l s does not t hreaten the stabi l ity of the structures p laced upon t he fi l l .  W here 
pav i ng of large areas for park i ng lots is ant ic ipated, t he i ncre ased runoff s hou ld  be d irected i nto loca l  
d ra i nages . 

Port Orford is fortunate to have with in  i ts  boundaries a l ake such as Garri son Lake . Eutrophication 
a nd progressive deterioriation of such lakes common ly  resu l ts from unrecogn ized long -term nutr ient a nd 
sediment imbal ances i ntroduced by var ious aspects of urbanization, such as fert i l iz ing , sept ic tank use,a nd 
construct ion (Ri ckert a nd Spi eker,  1 97 1 ) .  I t  is recomme nded t hat the community i ntegrate basic  concepts 
of lake preservation i nto t he i r  comprehensive p lan . 

T he moderate ly s loping loamy soi l s  of the present ly deve lopi ng east Port Orford area const i tute the 
most e rosion-prone area of the communi ty . Soi l  erosion can be m i n im ized by prope r layout a nd design of  
roads, preservat ion of vegetation w here poss ib l e ,  and efforts to m i nimize l and d i sturbance during construction . 

Port Orford is l ocated on the Port Orford Shear Zone of late Cenozoic age . A l t hough t he structure 
i s  i nterpreted to be i nact ive on the basis of ava i l ab le  geologic and se ismic ev ide nce (see Tectonic  Setti ng­
Earthquakes) , an eart hquake of Merca l l i  i ntensity V I I -V I I I  is poss ib l e  for the communi ty . An eart hq uake 
of Merca l l i  V I I was exper ienced i n  1 873 (Tab le  7) . Damages assoc iated w i t h  quakes of th i s  i ntensity i n ­
c l ude cracked wa l l s ,  topp led ch imneys,  and destruction o f  poorly constructed bui ( d i ngs . T he recurrence 
freque ncy of quakes  of t h is magni tude at Port O rford i s  probably very low, a nd recommendations for m it iga­
t ive measures a re d i fficu l t  to defi ne (see Tectonic  Setti ng - Earthquakes) . 
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G o l d  B e a c h  

Geologic un i ts 

Geo logic  un i ts of t he Go ld  Beach area i nc l ude Q uaternary m idd l e  mar i ne terrace deposits, Q uater­
nary f l uv ia l  terrace deposits, beach sa nd , accreted sand south of t he Rogue R iver jetty , sandstone a nd 
s i l tstone of the Otter Poi nt  Format ion , a nd serpent in i te  (F igure 44) . 

T he Q uaternary midd le  mar i ne terrace deposits consist of i ndis t inct ly  bedded sand , s i l t ,  a nd c lay, 
rang ing i n  e levation from a few fee t  to greater than 50 fee t .  T he deposits are gent ly  s lop i ng ,  we l l  dra i ned,  
a nd easi ly excavated ,  Foundat ion strengths are moderate ly  high .  T hree major streams d issect t he mari ne 
terrace and are bordered by Q uaternary f l uv ia l terrace deposits of g rave l a nd sand , Foundat ion strengths 
are moderate , but dra i nage i s  poor loca l ly .  

Accre ted sa�d south of the Rogue R iver j e tty has h igh  permeabi l i ty but i s  poor l y  dra i ned because of 
l ow e levations, The poss ib le  g round-water resource s ign ificance i s  m in ima l  owi ng to the abundant ground 
water produced by communi ty we l l s  i n  t he channe l grave ls  of t he Rogue R iver . Sept i c  tanks are not an  
acceptab le  means of waste d isposa l i n  the dune sands , 

T he Otter Poi nt Formation under l ies the moderate ly  steep to steep s lopes of the more i n l and parts of 
Go ld  Beach . So i l s  vary great ly  i n  th ickness and texture . Bod ies of serpent in ite w i t h i n  the Otter Point  
Format ion i n  the Gold Beach area are genera l ly stab l e  a nd are capa b le of support ing moderate ly sized 
structures , Soi l s  over the serpent i n ite are very t h i n ,  and the serpen t i n i te is not sui tab l e  for use as fi l l  or 
e mbankment mater ia l . 

Geologic hazards 

T he geologi c  hazards of t he Go ld  Beach area i nc l ude flood i ng ,  mass movemen t ,  wave erosion and 
depos i t ion , s l ope eros ion , and moderate earthquake potent ia l ,  Each of the hazards is loca l ized in d istr i­
bution a nd w i t h  proper p lann i ng i s  ge nera l ly  not a severe t hreat to t he communi ty . 

F lood ing  of the l ow la nds a long t he Rogue R iver is accompanied by fast-flowing c urrents , structura l 
damage , a nd erosion a nd depos i t ion,  The f lood of 1 964 actua l ly undercut part of  t he north j etty and 
scoured the c hanne l to  a depth of 40 fee t . Dean, R i l ey ,  and Cun iff Creeks do not flood t he adjo i n i ng 
f luv ia l  terraces, but t hey require carefu l management a l ong t hem to assure c l ear  passage of  runoff t hrough 
cu lverts and d i tches a nd to prevent improper p laceme nt of fi l l .  

Ocean flood i ng by tsunamis and storm surge is a major t hreat  to parts of accreted sand areas and 
beaches, T he tsunam i  of 1 964 brought waves 9 feet high i nto t he mouth of the Rogue R iver a nd caused 
$30, 000 to $40, 000 damage , The d istribution of logs i n  the accreted sand areas probab ly exceeds t he 
present pote nt ia l  d i str ibution of storm -wave damage because many of the i n l and l ogs were la id  dow n  before 
the accreted sand reac hed its prese nt extent . M uc h  of the i n l a nd parts of accreted sand are subject  to 
seasona l  pond ing . 

Areas of accreted sand north and sout h of the Rogue R iver  have grown considerab ly  s i nce 1 939 
owi ng in part to the ir cyc l i c  nature but primari ly  to j etty construct ion .  T he future stab i l i ty of t he accreted 
sand depe nds upon storms, cyc l i c  c l i mat i c  act iv i ty , a nd the upkeep  of  t he jetty . Resident ia l  deve lopment 
be low t he leve l s  of  the terrace is genera l ly not recommended a t  th i s  t ime , 

T he shoa l i ng and spit deve lopment between  the jett ies i n  the mouth of the Rogue R i ver is the resu l t  
of  sand d irected southward by wave act ion a long t he north beach and around t he north je tty . An average 
of 1 1 2 , 000 cubic yards of l it tora l sand is dredged annua l ly from between t he j ett ies . Lengthen i ng of t he 
north jetty wou l d  provide more permanent part i a l  re l ief (see Geolog i c  H azards - Wave Erosion and Depo­
sit ion) . 

Areas of mass movement  i nc l ude terra i n  under la in  by sheared bedrock of the Otter Poin t  Formation 
in the m idd le  reaches of R i l ey Creek  east of Gold  Beach and in Wedderburn . Large bodies of serpent in ite 
immediate ly north of the Rogue R iver are act ive ly  s l id ing , but sma l le r  bodies in the i mmediate Gold Beach 
area are stab l e . Deep cuts i n  a l l  the up l and un its of the Gold  Beach area can i n it iate s l ides , 

T he moderate ly steep to steep ly s lop ing  loamy soi l s  of t he upl ands constitute t he most erosion-prone 
terra i n  of the Go ld  Beach  area , C hanging l and-use on a regiona l sca l e  in the headwaters of Dea n ,  R i ley , 
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Fogure 44. Gold Beach aerial photo showing geologic units. 

SYMBOL 

Jop • sp Omtm 
Qh 
ss. sb 

GEOLOGIC UNIT 

Otter Point Fm. + serpentine 
Quat. middle marine terrace 
Quat. fluvial terrace 
stable sand, beach sand, fill 

GEOLOGIC HAZARDS 
mo.ss ntovement, slope erosion 
tninimol 
possible stream nooding 
ocean nood .. stream flood., woue erosion 



GEOLOGY OF CITIES 

Ftgure 45. Brookings aerial photo showing geologic untts 

SYMBO L  

Jd 
Omth 
Omth/Omtu 
Omtu 
Omtm 
Oft 
Qal 

GEOLOGIC UNIT 

Dothan Formation 
Qudl. higher marine terraces 
Quat. undiC!. higher marine terraces 
Quat. upper marine terrace 
Quat. middle marine terrace 
Quat. nuvial terrace 
alluvium 
sand and fill 

GEOLOGIC HAZARDS 
slop� e,.osion, local rnas.'i tnouemcnt 
local s/reom·bonll erosion 
local streom·banll erosion 
local stream-bon/' erosion 
portding. ncar·stJr(oce bedrocl< 
stream (loodirtll 
stream (loodirtg, erosion, ond deposit. 
ocean flooding 
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a nd Cun i ff Creeks cou ld  poss ib ly  i n it iate si l tation of creek channe l s  and adverse ly  i nf luence stream 
flood i ng in the Gold  Beach a rea . Soi l erosion can be m in im ized by proper layout a nd design of roads , 
preservat ion of vegetation where poss ib l e ,  a nd efforts to m in im ize l a nd di sturbance dur ing construct ion . 

Very l i tt le i n formation is ava i l ab le  regarding t he e arthquake h i story of Gold  Beach . Because the 
community i s  constructed on so l id bedrock and semiconso l idated terrace depos its,  a poss ib le  future quake 
of Merca l l i  i ntens i ty V I I -V I I I  i s  i n ferred (see Tab l e  9) . Damage associated w ith  quakes of  this i ntensity 
i nc l ude cracked wa l l s ,  topp led ch imneys ,  a nd destruction of poor ly  constructed bui l d i ng s .  T he recurrence 
frequency of quakes of t h i s  magnitude at Gold Beach is probab ly very low,and recomme ndations for m i t i ­
gative measures are conseque nt ly  d ifficu l t  t o  define (see Tecton ic  Setti ng - Earthquakes ) .  

B r o o k i n g s  

Geo log ic un i ts 

Geolog ic un i ts of t he Brooki ngs  area i nc l ude the Dothan Format ion,  t he Q uaternary m idd le  marine 
terrace , the Q uaternary upper mar i ne terrace , the Q uaternary h ighe r  marine terrace , Quaternary a l l uv ium,  
beach sand , and  f i  I I .  The various terrace un its cannot be equated w i th  certai nty w i t h  terrace un i ts of  the 
same names in northern Curry County (Fi gure 45) . 

The Dothan Format ion consists of hard sandstone , s i l tstone ,  greenstone , a nd m i nor chert and is char­
acterized by high foundation strengths,  l ow i nfi l trat ion rates ,  and variab le  soi l cond i t ions . 

The terrace un its  are d i ffere nt iated on the bas i s  of re lat ive e l evat i on a nd re lat ive degree  of d i ssec­
t io n .  A l l  are composed of i nd isti nct ly bedded sand a nd s i l t  w i th  basa l grave l i n  p laces . Th i ckne sses vary 
from a few feet on parts of t he midd l e  mari ne terrace un it to severa l tens of feet on the h ighe r  terraces .  
S ha l low dept hs to bedrock o n  parts of the m idd le  m ar i ne terrace un i t  prec l ude the use o f  sept i c  tanks for 
waste d isposa l a nd may a l so be ma jor factors i n  the costs of i nsta l l i ng underground faci l i t ies  a nd i n  other 
excavat ions . 

T he Quaternary a l l uv i um in t he va l ley of t he C hetco R iver consists of unconso l idated sand and grave l .  
Resource potent ia l  i nc l udes aggregate and ground water , and hazards i nc l ude eros ion , f lood i ng ,  and depo­
s it ion . Beach sand and fi l l  i s  l ocated south of t he south jetty at t he mouth of t he C hetco R ive r .  

Geologic hazards 

Geologic hazards of t he Brooki ngs area i nc l ude f lood i ng ,  wave erosion and deposit ion,  s lope erosion,  
mass moveme nt , a nd earthquake potentia l .  Each of t he hazards i s  moderate to l ow i n  severity or i s  of loca l 
exte nt . T he hazards genera l ly do not pose severe threats to t he commun ity w i t h  proper p lann i ng . 

F looding of t he C hetco R iver i n  1 964 i nundated t he port area w i t h  6 feet of water a nd caused 
$500, 000 damage . H ouses were washed from the i r  foundations and grave l was deposi ted near the moori ng 
area (see Geolog ic  Hazards - Stream F l ood i ng ,  Steam Eros ion and Depos i t ion ) . The tsunami of 1 964 brought 
9-foot waves i nto t he bay and rai sed water I eve Is  to w i t h i n  1 foot of  t he surface of  t he fi I I .  T he t hreats 
to safety dur ing t imes of i ntense port use or beach use are of  s ign i ficance (see Geologic Hazards - Ocean 
F looding) . 

Pondi ng a nd poor dra i nage on f lat terra i n  of the m idd l e  mari ne terrace un i t  a long t he lower reaches 
o f  Mack lyn C reek  render l arge areas unsuitab le  for most deve lopment . Stream c hanne l s  in the upper and 
h igher  mar ine terrace units a re deeply e ntrenched and do not pose a threat of f lood i ng . Howeve r ,  improper 
f i l l  p l acement cou ld  cause stream undercut t i ng loca l ly .  

Coasta l retreat of  sea c l i ffs averages l ess than }r i nch per year, but  sporadic  episodes of  retreat 
can remove severa l fee t  of terra in  at i nd ividua l  loca l i t ies,  especi a l l y  in regions of  terrace s l ump ing (see 
Geologic Hazards - Wave E rosion and Deposit ion - Head land a nd sea-c l i ff erosion - Terrace deposits 
over bedrock) . Adequate setbacks are recommended . A long the beaches south of  the C hetco River, north­
f low ing dr ift d irects sma l l  quant i t ies  of  sand i nto the  channe l, necess i tat i ng mi nor dredg ing . No sand dr ift s  
i nto the channe l from t he north i n  t he summer, because of  the head land barr ier . 

Mass movement i n  t he uplands,  a long the C hetco R iver,  and on the steeper s l opes of the terrace 
un its is l oca l i zed a nd is common ly the resu l t  of  oversteepen i ng by erosion or excavat ion . The p lac i ng of 
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fi l l  on steep s lopes shou ld  be avoided . S lope e rosion can be m in im ized by proper l ayout a nd design of 
roads, preservat ion and estab l ishment of vegetation w he re possi b l e , a nd efforts to reduce l and d i sturbance 
during construct ion . 

Very l itt le i nformat ion is ava i lab l e  regardi ng  t he eart hquake potent i a l  o f  Brookings . Because the 
community is constructed on bedrock and sem iconsol idated terrace deposits,  a possi b l e  future quake of 
Merca l l i  i ntens i ty V I I -V I I I  i s  i n fe rred (see Tecton i c  Set t i ng - Earthquakes , and Tab le  9) . The Eureka 
e arthquake of December 2 1 , 1 954  reg i stered 6 . 6  on the R i c hter sca l e  (Merca l l i  V I I )  and was exper ie nced 
wi th  an i ntensi ty of IV -Y over much of  the Brooki ngs are a .  Masonry damage a nd cracked p l aster at Roy 
Brimm ' s  Acacia Laundromat (Merca l l i  V I I )  was probab ly  the resu l t  of loca l ground cond it ions,  poor founda­
tion , or poor constructio n .  The recurrence freque ncy of large quakes i n  the Brooki ngs area is probab ly  very 
low, and m it igat ive measures are d ifficu l t  to define (see Tecton i c  Sett ing - Earthquakes) . 

N orth of Brooki ngs buttress unconformit ies w i th  terrace deposits resti nf:) agai nst so l id bedrock i n  road 
c uts are eas i ly  m istaken  for act i ve fau l ts; t hey are not i nterpreted as fau l ts in th i s  i nvest igation owi ng to 
the lack of shear ing a long the contacts a nd to other geo log i c  ev idence (see Tecton ic  Sett i ng - Shear Zones 
of  Late Cenozoi c  Age ) . 



Table 24. Land-use geology of geologic units in western Curry County, Oregon 

Engineering properties l Mineral resource potential Geologic hazards Map symbol 
(I} ,.; ..-1 0 (I} ,.; 

t' w  � � � 
I 

• 4 :l m  m ro l? :fi M �  � � Pt g  • Relabvely h1.gh o .: ..., "' ., . ..-� bO m o m "' � "' <: •.-1 ..., <1 ., ..., ,.; <1 •.-1 '" "' bO ,.; "" 0 
-- Moderate :::! � � .§ I'! :8 t! t' � fJ' � � � "' ] bO 8 � .: ti •.-1 •.-I P. O .:'l +' •.-I CD O  :> ·.-1 ri 'tl <t! <l C\J •.-1 1'1 •.-1 0 •.-1 Q Relatively low "" "t; � :;:! 8 "' "' � '6 � 10 !;:l 13 .>: .� t' � � ;. :8 8 !:: .� 'g ·� � S::::: •rf CV ...., •r-1 S::: <D P.  "d Ul O O H ·r-1 �  O O •ri UJ lO O O Pt  
() . 0 '0 :>  +' Cil  0 +'  S:S •.-I O CIJ ri <t! ;> ri O W O O ri J.4 CIJ  Var1.able . ..-� ., ..::: I'! p, "' • ..-� <: ,.; ..., m ., � "" ., ..., "' ..., � :> o ..., d o p, "' ..., ., "" 
D - � � "" !:: ..., � la'J � ·.-I !;:J o "' ,.; !:: .: � !:: � � "' "" !;:! "' � � ., e e  Not applicable :> •.-1 ..., ,.; ,.; (I} <1 "" ., .... •.-1 .>: ., e •.-1 CD (1j to' <1 .<:: •.-1 <:: ., m '" '" 
r--------------------1 '" '0 <1 0 ..-1 I '0 <1 P, '0 +' 0 ,>: 0 +' '0 0 J.4 J.4 ri ,<:: ::S +> J.4 (1j CD CIJ P, Q) CIJ CIJ 0 '0 •.-1 bO 'H  +' M ::S 0 !:j P. a! o M  <11 ri ·.-1 +> !!l ri bO 0 M .0 CIJ :> :> o M  J.4 M 

Unit4 � Jl � &l ;1 6 � ri: � .:!J � iii :2 , 6  P! .§ &: 8 0> � .if! � � � 8 .� � � � � � 
"' Sedimentary rock of late Tertiary age IWI 11( e 1w � � � � 0 0 � ) 0 � 0 � -- 0 Tmp 
1l Sedimentary rock of early Tertiary age � • 0 0 0 � � � .  -- () 0 0 � 0 0 () • () Tef, Telg, Ter, Teu (1j ] Sedimentary rock of Late Cretaceous age () () () () 0 () () () � () () 0 � 0 0 0 • 0 • () Kuh , Kuc 
� Sedimentary rock of Early Cretaceous age 0 () O O O () • • •  O 0 0 � 0 0 0 • 0 • () Kr, Kh, KJm 

� Otter Point Formation () 0 0 () () 0 () () � () () () () 0 .  0 � � • Jop 
� Dothan Formation • •  () () 0 -- • () () () � 0 � � 0 0 0 1.. 1.. () Jd 
�!Galice Formation • •  () 0 0 • • • • () 0 � 0 � 0 0 � • () Jg 
3JjMount Emily Dacite • e o o • • • • o o  � • •  0 0 �  • 0 Tod 

"'lcolebrooke Schist -- • () 0 -- � � � � 0 0 0 0 . � () � � 0 Jc "" �jpearse Peak Diorite • • 0 0 • • • •  0 0 � • • 0 0 -- • () Jpp 
�!serpentine and peridotite () 0 () 0 () () () 0 0 0 � � � 0 0 � 0 0 _ 0 .  0 • 0 () spp 

Qua ternary higher marine terrace deposits 0 () 0 � 0 0 0 -- -- -- 0 0 0 0 0 0 0 0 0 0 � 0 () 'loth 

l8 Quaternary upper marine terrace deposits 0 () 0 -- -- 0 � � 0 � 0 0 0 0 0 � 0 � 0 0 W W 0 () 'lutu � Quaternary middle marine terrace deposits () 0 � -- 0 � 0 0 () � � � � 0 � . -- 0 0 � 0 � 0 0 'lutm 
� Quaternary lower marine terrace deposits 0 () 0 0 0 0 0 0 0 0 � -- -- � 0 0 0 W 0 0 0 � 0 .  0 0 'lutl 

Qua ternary fluvial terrace deposits 0 () 0 -- -- 0 � 0 0 () 0 0 0 0 0 � � � 0 0 0 0 () () 0 Qft 
Quaternary alluvium 0 () 0 • 0 0 � 0 0 () 0 0 0 0 0 • � 0 0 0 , 0 .  () • Qal 

1�� 0 ()  0 0 0 0 0 0 0 0 0 o o o � •  e o e m 
'j Stable dune sand 0 0 0 • 0 0 -- -- 0 0 0 W 0 0 0 • 0 0 () 0 ss 1 
� Unstable dune sand 0 0 0 • 0 0 -- -- 0 0 0 � 0 0 0 • 0 0 () 0 su 

Beach sand 0 () 0 • 0 0 -- 0 0 0 -- � -- -- 0 0 I() ) lelele 0 () 1 sb 
-g -:g !channel deposits (Qal) 0 () 0 • 0 -- • 0 • • W • () • • • ' 
� � Estuarine deposits ( Qal )  ) () 0 0 0 0 .  • • () () � § Submarine terraces 0 () 0 0 • • • � 0 0 

<J] �  
lExclusive o f  shear zones 
2Where exposed to ocean waves 
3Exclusive of torrential floods in the uplands 
4see geologic maps 

"' 

): 
z 
0 
c 
Vl 
m 

G) 
m 
0 
I 
0 
G') 
-< 
0 , 

() 
c 
'?J 
'?J 
-< 
() 
0 
c 
z 
� 



1 1 7 

S UMMARY 

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

T he i nformation i n  th i s  b u l l e t i n  provides p l anners i n  western C urry County w i t h  i nformation needed 
to make va l id l a nd-use decis ions.  I t  i s  a compre hensive and systematic synthesis of present t hought re­
gard i ng hazardous geo log i c  cond i t ions a nd m i nera l  resources of the reg io n .  T he i nformat ion is gene ra l  
a nd reconnaissance i n  nature , however, and i s  sub ject  t o  refi neme nt based upon more deta i led study . 

T he report proceeds t hrough various l eve l s  of de ta i  I from map to tab les  to text and references . Or­
ganized in this way , t he report has a potent ia l  for a w ide variety of uses i n c l ud ing pre l im i nary site eva l ua ­
tions,  l and-use capabi l i ty ana lyses ,  pro ject ion o f  data ,  and po l i cy formu l at io n .  I t  i s  emphasized that 
Tab l e  24 of th is  sect ion must not be used at the excl usion of t he text . 

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  

T he study area e ncompasses t he western th i rd of C urry County a nd the Agness a rea  a nd covers approx­
imate l y  750 square m i l es .  T he c l imate i s  moist tempera te w i t h  summer breezes from t he northwest a nd 
w i nter ga les  from the southwest . Ocean currents a re comp l ex but genera l l y  are i n  response to the w inds. 

T he three categories of l a ndforms are up l ands, terraces,  and low l ands .  Each is the product of specifi c  
geomorphic processes ac t i ng a t  d iffere nt t imes on  d ifferent mater ia l s  under d i ffere nt condit ions . A know ledge 
of l andforms is va l uab le  in deducing fi rst approximations of hazardous geol ogi c  cond i t ions .  

T he popu l at ion  o f  Curry County i s  ( 1 975) estimated a t  1 4, 1 00 .  Popu lat ions o f  the major communit ies 
a re 3 , 1 50 for Brook ings,  1 , 600 for Gold  Beach ,  a nd 1 , 040 for Port Orford . Data i ndicate modest i nc reases 
i n  the future w i t h  the trend toward urbanizat ion . Construct ion of more e ffie ient t ra nsportat ion I i nks to 
the Grants Pass area wou l d  have cons iderab le  impact on the i n l and areas over the years .  

E n g i n e e r i n g  G e o l o g y  

T hree types o f  geo l og ic uni ts o re recog nized:  1 )  bedrock geo logic  un i ts of conso l i dated materia l , 
2) surfi c i a l  geo l og i c  un i ts of semiconsol idated to u nconso l idated sed i mentary P l e istocene and Ho locene 
deposits,  and 3) soi l s ,  the products of weatheri ng .  Soi l s  overl ie  both the bedrock and surfi c ia l  geo l og i c  
un i ts .  

Bedrock geolog i c  uni ts i nc l ude 1 9  stratig raphi c ,  structura l , a nd  i ntrusive un i ts grouped into 1 1  ma jor 
categories on the basis of eng i neer i ng properties:  sedimentary rocks of 1 )  l ate Tert iary ,  2) ear ly Tert iary , 
3) Late C re taceous , ' a nd 4) Ear ly  C re taceous age , 5) the Otter Poi nt , 6 )  Dothan ,  a nd 7) Ga l ice Format ions, 
8) the Mount Em i l y  Dac i te , 9) the Col ebrooke Sch ist , 1 0) the Pearse Peak Diorite , a nd 1 1 )  serpe nti n i te 
a nd peridot i te . Loca l use l im i tat ions i n  the bedrock geo logic  un i ts genera l ly are determi ned by degrade­
t iona ! hazards such as mass movement and e ros ion , re l ated cond i t ions such as t h i n  soi l s ,  moderate ly  steep 
to steep s lopes , and various eng ineer ing propert ies (see Tab l e  24) . 

Surfic ia l  geo l og i c  un i ts i nc l ude Q uaternary 1 )  h i ghe r ,  2) upper,  3) m idd l e ,  and 4) lower mari ne 
terrace deposits; 5) f luv ia l  terrace depos i ts ;  a nd five lowl and units : 6) Q uaternary a l l uv i um ,  7) marsh , 
8) stab le  dune sa nd , 9) unstab le  dune sand,  and 1 0) beach sand . Loca l  use l im i tat ions are dom i nated by 
stream and w ave e ros ion,  stream deposit ion , f lood i ng ,  and severa l adverse eng ineeri ng properties (see 
Tab l e  24) . Submerged surfic ia l  depos i ts are not specifica l ly treated but are d i sc ussed i nd i rect ly  i n  sections 
dea l i ng w ith  mari ne terraces .  

· 

Soi l s  are l eached a nd ac id i c .  In t h is report t hey are grouped i nto three major categories: up la nd 
soi l s ,  terrace soi l s ,  a nd l ow l and soi l s .  Upl a nd soi l s  are characterized by steep s l opes, rap id runoff, rapid 
e rosion ,  a nd si l ty l oam to s i l ty c l ay texture s .  Gent l e  s l opes a nd deep weather ing are typ ica l  of the o l der 
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terrace soi l s .  Younger terrace soi l s  are moderate ly  to poorly  dra i ned and loca l ly conta i n  h igh g round 
water,  c l ay-rich horizons , or i ron pans wh ich  impede i nfi l trat ion . Bank fa i l ure in deep cuts i s  a hazard . 
Low l and soi l s  occupy regions of stream f lood ing,  ocean flood ing , and pond ing .  Where depositiona l  proc­
esses are domi nant , l ow land soi l s  are i nd i st i ng uishab l e  from the surfi ci a l  geolog ic  units  they over l i e . T he 
eng i neer ing properties of the upper 5 feet of these unrts genera l ly are d i sc ussed under soi l s .  

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

T he information needed to c l assify the m i neral resources of the study area according to production 
potential  h not avai lab l e .  Howeve r ,  a consideration o f  the genera l h istory o f  production i n  the area 
i nd icates that in addit ion to construction mater ia l s  and ground water ,  there are several m inera l commodit ies 
which exhibit  poss ib le  potent ia l  for future m in i ng .  T he resource pote ntia l  for each geo log ic  un i t  is sum-

. marized on Tab l e  24. 

Construction mater ia l s 

T he cumul ative demand for sand a nd gravel w i l l  be 2 mi l l ion tons by the year 2000. The best sources 
of this mater ia l  l ie under the fl ood p la ins  and in the river c hanne l s .  A l though the c hanne l  deposits appear 
to be renewed annua l ly ,  no estimate of the annual  renewa l  rate i s  avai l ab l e . An assessme nt of geo log i c  
constrai nts on  t he expansion o f  the sand and grave l i ndustry i n  river c hanne l s  i s  beyond the scope o f  th is  
study . - Sources of h igh-qua l i ty aggregate away from major rivers are of mi nimal  s ignif icance . 

T he cumul ative demand for q uarry rock i n  C urry County w i l l  be 2 m i l l ion  tons by the year 2000. 
Quarry rock i n  t he study area is m i ned from a numbe r  of rock units (Tab le  24) having a variety of c harac­
teristi cs and potent ia l  use s .  Provid ing an  adequate supp ly  of construction mater ia l s  for future use w i l l  
requ i re a we l l -i nformed ba lanc ing of aesthet ic  desires and mater ia l  needs.  We l l -managed m in ing and 
sequentia l or mu l t ip le  l and use are possib le measures for the p l anner to consider.  

Metal l i c  mi nera l resources 

Gold and si lver occur as p lacer deposits in the drai nage of the S ixes R iver and as lode deposi ts i n  
bedrock i ntruded b y  Late J urass i c  veins a nd di kes . C hromite , p lati num , and gold occur i n  subeconomic 
concentrat ions i n  b l ack-sand p l acers on mari ne terraces , submerged mar ine terraces , a nd poss ib ly  i n  scat­
tered p lacers i n  early Tertiary sedime ntary un i ts . N i cke l occurs i n  t he l aterites at Red F la ts .  A l though 
most metal l i c  m i neral depos i ts appear to be of l im i ted  extent  or subeconom ic  tenor , i t  i s  noteworthy that 
reg iona l structural ana lyses a nd explorat ions have genera l ly not bee n emp loyed in C urry County . 

Nonmeta l l ic m inera l  resources 

A l though the price i te deposits in the Brooki ngs area are of h istori c  i nterest and were profi tab ly  mined 
a t  one time , they are not now considered  economic owing to l imi ted distribution and i ncreased competit ion 
from l arger  a nd h igher grade deposits e l sewhere in the country . Some of the u l t ramafi c  m inera l s  of the 
study area may have a potent ia l  for several misce l l aneous uses . T he re i s  no oi l ,  gas, or coal of economic 
s ign ificance i n  western C urry County . Offshore deposi ts of oi l north of Cape B l anco are suggested by major 
geolog ic  structures . 

Ground water 

Ground-water potent ia l  i s  l ow in the up l ands with production of i ndiv idua l  we l l s  genera l ly be in.g 
a few gal lons per mi nute . T here is no regiona l water tab le , a nd ground water is restric ted to fractures ,  
bedd ing p l anes , shear zones ,  and l arge l ands l ides.  Moderate i nfi l tration rates and  storage capac i ty i n  the 
Colebrooke Schist make i t  the best potent ia l source of ground water i n  the upl ands . 

Ground-water production on the terraces is moderate , ge nera l ly averagi ng 1 0  to 20 ga l ions per 
mi nute . Water is commonly perched,and dept hs to producing horizons are usua l ly sha l low .  Consequent ly,  
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the danger of po l l ution by i nappropriate waste d isposa l or other means is re l at ive ly  h igh . 
Ground-water production in the l ow l a nds  i s  genera l ly low to moderate . Sha l l ow depths to produc ing 

horizons i ntroduce po l l ution hazards i n  p l aces . Production of water from channe l  grave l s  is extreme ly h igh 
loca l l y ,  but  to a certain  extent the water produced reflects the po l l ution potent ia l  of the assoc iated stream . 
Ground -water qua l i ty for the County i s  genera l ly very good . 

G e o l o g i c H a z a r d s  

Geologic processes that adverse ly affect the act ivit ies  of man or threate n his  safety or we l fare are 
geo log ic  hazards. Recommendations for t reatment or mi t igation must be based on a thorough understand ing 
of the causes  and magnitudes of part icu lar hazards and the spec ific geograph i c ,  soc ia l , po l it ica l ,  and 
economic set t ing of the hazard . 

Mass movement 

Mass movement on steep s lopes i s  domi nated by debris s l ides and rock fal l and i s  most common on 
hard , steeply s loping bedrock; mass movement on moderate ly  s lopi ng terrai n  i s  domi nated by earthflow 
and s l ump and occurs in shear zones , zones of deep weatheri ng , and semiconsol idated bedrock .  Impacts 
of mass movement are varied and may inc l ude persona l i n jury and immed iate or long-term destruction of 
property and bui l d i ng s .  Control led deve lopment  and eng i neeri ng techniques  keyed to the spec i fi c  causes 
of part icu lar  s l ides are recomme nded for areas prone to mass moveme nt .  

Ocean flood ing 

T ida l  f loodi ng occurs two times da i ly and affects bars , beaches , and marshes  to an  e levation of 
approx imate ly  6 fee t  above mean sea l eve l . It aggravates stream floodi ng in coasta l areas and shou l d  be 
i ntegrated i nto a l l  f lood ing mode l s .  

Storm surge i s  caused by low atmospheric pressure and w i nd and i s  add itive to t ida l  f lood ing . H ighest 
probab le  storm surge on the Oregon Coast i s  4 to 7 feet above the leve l of predicted tides i n  an  area of 
mi n ima l  wave set-up . When extreme storm surges are superposed on high t ides7 i nundation o f  rna ture 
marshes by severa l feet of water and f loodi ng of low fi l l  areas are possib le . 

Tsunamis (se ismic sea waves) genera l ly are sma l l and rare occurrences , but the hi storic record ind i­
cates poss ib le  amp l i tudes of 1 0  fee t .  Hazards are greatest to  unwary persons on t he beaches or i n  other 
low -ly i ng coasta l areas . A we l l -coordi nated and thorough warn i ng system is recommended . 

Wave erosion and deposition 

Coastal  erosion of headl ands and sea c l i ffs ranges from l ess than one i nch  per year to a few i nches 
as a function of rock type , set t ing , and structure . Specific episodes of coasta l  retreat are dependent on 
loca l cond it ions and may i nvolve 1 0  feet or more of l and .  Where wave erosion undercuts active s l ides, 
t he impact of coastal retreat may affect ent i re h i l l s ides . Prevention of coasta l retreat i n  C urry County is 
genera l ly not economic ,  and adequate setbacks a re recommended for future deve lopments .  

Beaches i n  the study area are ge nera l ly stab le  under present cond itions. Future changes i n  sedi ment 
supp ly and wave dynamics resu l t ing from natura l or man-made causes cou l d  in i tiate erosion or depos it ion .  
Jetty construct ion,  dredg i ng ,  beach excavat ions,  and  groi n construction are pote ntia l  threats t o  beach 
stab i l i ty .  Natura l processes which affect  beach stab i l i ty i nc l ude cyc l i c  changes i n  c l i mat ic activity, 
storms , m igration of rhythmic topography ,  a nd others . Al l  deve lopments having i nfl uence on longshore 
drift shou l d  be eva l uated prior to construct ion .  Eng ineering treatme nts of beach i nstabi l i ty vary with 
l oca l conditions and goa l s .  

S lope erosion 

S lope erosion is primar i ly  a function of s lope i nte nsity , land use , and so i l  type . Impacts may i nc l ude 
loss of topsoi l ,  i ncreased runoff, and degradation of s treams . A vari ety of governmenta l programs are 
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a imed at contro l l i ng s lope eros ion . Of cri t ica l  concern to the p lanner is the ant i c ipat ion and control 
of s lope erosion in areas of changing l and use or construction .  

Stream flood i ng 

When r i s ing water i n  streams spi l l s  over the estab l i shed channe l s  i nto the surroundi ng low l andsrflood­
i ng occurs . Areas of floodi ng i n  most of the study area are defined on the basis of hi stori c  observat ions, 
landform , and soi l , but  a l so i nc l ude a computor-derived I ntermediate Regiona l F l ood for the lower Rogue 
R iver .  Impacts of floodi ng i nc l ude structura l damage , water damage , and hea l th hazards . Protect ive and 
remed ial  measures may i n c l ude appropriate zoni ng ord i na nces and bui ld ing codes , i nsurance programs , dis­
c losure po I i c ies , and loco I f lood-prevention construct ion such as levees or d ikes . 

Stream erosion and deposition 

Stream erosion i nc l udes scouring of up land channe l s  dur ing torrentia l floods , erosion of streambank 
and channe l in the low lands , a nd scouri ng of the estuar ies . Stream deposit ion i nc l udes the formation of 
channe l and po i nt bar depos i ts in the flood p la i ns ,  s i l tation away from the channe l s ,  and shoa li ng of the 
estuaries . Contro l of stream erosion and deposit ion invo l ves the accurate assessment of stream hydra u l i cs 
for spec ifi c  problems and proper p lanning prior to major construction or l and-use projects i nvo lv ing streams . 

Earthquake potent ia l 

Geologic mappi ng i n  Curry County i ndicates that a l l fau l ts i n  C urry County, wi th  the poss ib le  excep­
tion of the Port Orford Shear Zone,are i nact ive . A rev iew of t he earthq uake history of the area ind icates 
t hat ma jor tectoni c  activity in the areas occurs offshore and in northern Ca l i fornia . A maximum possib l e  
future quake o f  Merca l l i  i ntensity V I I I  i s  tentat ive ly assigned to  parts o f  C urry County . Impacts assoc iated 
wi th  quakes of th i s  intensity inc l ude fissured wa l l s ,  tumbled ch im neys , and extensive damage to poor ly 
constructed bu i l d ing .  

Zoning regu l at ions ,  bu i l d ing codes , and po l ic ies shou ld proceed toward the  mu l t ip le goa l of  1 )  pro ­
mot i ng construction design capab le of wi thstanding potentia l earthquake act iv i ty ,  2) d irect ing the location 
of cr i t ica l structures to so l i d  or fi rm bedrock ,  3) assuring t he safety of i ndiv idua l s  in structures of h igh occu­
pancy , and 4)  t he cont inued operation of hosp ita l s  in  a d isaster . In l ie u  of additional techn ica l information , 
adopt ion of the re levant prov isions of the U niform Bu i ld i ng Code is recommended . 

G e o l o g y  o f  C i t i e s  

T he major communit ies of C urry County are under la in  by pre -Tertiary bedrock , Q uaternary mari ne 
terraces ,  and other surfi c ia l  geo log ic  units . Geo log ic  hazards are of moderate to low severity in most areas 
a nd wi th  proper p lann ing are not ma jor threats  to the communit ies . Hazards i nc l ude various types of mass 
movement, s l ope erosion , loca l pond i ng ,  f lood ing , and shoa l i ng of the bay at Port Orford; river f lood ing 
a nd erosion ,  local  mass movement , wave erosion and deposi t ion,  and s lope erosion at Gold Beach; and 
stream flood i ng , pond i ng ,  s l ope eros ion,  near-surface bedrock and m inor shoa l i ng at Brookings.  

Very l itt l e  i nformation i s  ava i lab le regard i ng the earthquake h i stories of the communit ies .  No defi ­
n ite ly active fau l ts are recognized , a l though rece ncy of movement is a poss ib i l i ty on the Port Orford Shear 
Zone . Future earthquakes wi th  Merca l l i  i ntensit ies of V I I to V I I I  and very low frequencies of occurrence 
are i nferred for the communit ies on the bas i s  of reg ional tecton ism a nd ground condit ions.  Q uakes of this  
i ntensity are capab le  of severe ly damagi ng bui ld ings that are p laced on poor foundations or that are improp­
er ly constru cted . 
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T ex ure 
Sand 

Sandy 
loam 
Loam 

S i  I t  
l oam 
C lay 
loam 

S i l ty 
c lay 
loam 
S i l ty 
c lay 

C lay 
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A PPE N D IX A .  G U I D E  FOR TH E TEXTURA L C LAS S I F I CAT ION OF SO I LS 

00 

D f ry ee 
I ndividua l grai ns 
seen and fe l t  
I ndividua l gra i ns 
a ppear di r ty 
Gri tty, f loury 
fee l 
Soft and f loury 

S li gh t ly hard, 
l i t t l e  gri tti n ess 

Moderate ly  hard, 
no gri tti ness 

H ard, no 
gr i t t iness 

Very hard , no 
gri tti ness 

sandy clay loam 

sandy loam 

cso 

M · t f O I S  ee 
I ndividua l gra i ns 
seen and fe l t  
I ndiv i dua l gra i ns 
appear dirty 
Gritty, smooth 
s l i c k  
Smooth s l i c k  w/ 
some sti c ki ness 
Smooth s l ight ly  
sti cky w/some 
gri tti ness 
Smooth sti cky, 
feel some 
p last ic i ty 
S mooth , sti cky 

clay loam 

loam 

'b 
percent sand 

Moist 
h "  s me  

None 

None 

Faint  
du l l  
Du l l  

Prom-
i nent 
du l l  
Fa in t  

Sh ine  
p lasti c ,  fa i nt fi n-
g erpri nts v i si b l e  
Smooth v err Bright 
sti cky - p asti c 
fi ngerpri nts 

'{, 

�" - 1 " wide,  1/8" 
thi c k  mois' p las­

t" "t ( " bb ) I C I  y r l  on 
Wi I I  not ri bbon 

Wi l l  not ribbon 

V ery weak ribbon , 
broken a ppearance 
R i bbon broken 
a ppearance 
R i bbon bare ly  
susta i ns w ei gh t  

R i bbon susta ins 
w eight  & carefu l 
hand l ing  
R i bbon w i th stands 
consi derab l e  move-
ment & deformation 
Long th i n  r ibbon 

0 
00 

..... 

Moi st 2"+ long 
p lastic i ty 

( . ) 1/8" w 1 r e  
W i  I I  not w i re  

Wi l l  no t  w ire  

Very w ea k  w ire  i n  
broken segments 
Weak wi re  easi l y  
broken 
Wire susta i ns 
we igh t  

Wire susta i ns weight 
& wi th stands gentl e 
shaking 
Wire w i thsta nds 
considera b l e  sha k-
i ng and ro l l i ng 
Wire w ithstands 
shaking , rol l i ng ,  
b ending, 1/1 6" 
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APPE NDIX  B .  U N I FI ED  SOl L C LASS I F I CATION SYSTEM 

M a j o r  divisions 
Group 

symbols 
Typical n a m es 

z 
? 
"' 0 0 

'i 
0 
� 
� 
g 
C3" 0 :;; 
� 

i Cl GM* d 

� 0 t----

Well-graded gravels, gravel-sand 
mi:dures, little or no fines 

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

Silty gravels, gravel-sand-silt mix­
tures 

s. 0. � 
? �  �. �---l---4----------------------------- 1 
� �  � 

i �· 

> 
., "' ., g � �. f} 

GC 

S W  

SP 

SM* d 
1-

Clayey gravels,  g r a v e l - s a n d -clay 
mixtures 

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

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

Silty sands, sand-silt mixtures 

_ o  

�· � � �---L---4-----------------------------� 0  3 
g 
:< 

�- sc 

Ml 

Cl 

Ol 

Clayey sands, sand-clay mixtures 

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

Inorganic clays of low to medium 
p l a s t i c i t y ,  g r a v e l l y  clays, s a n d y  
clays, silty clays, lean clays 

Organic silts and organic silty clays 
of low plasticity 

� � � � ��----------�-------t--------------------------- 1 
[ �  
-· 0 "' :r 
3 g_ 
'?.. � 
ro Q. 
" ;;;-
C3" 
g 
z 
? 
"' 0 0 

.g· 
a: 

[ � 

"' 
� 

MH 

CH 

OH 

Pt 

Inorganic silts, micoc.eous or dioto� 
maceous fine sandy or silty soils, 
ela!;tic silts 

Inorganic cloys of high pl asticity, fat 
cloys 

Organic clays of medium to high 
plasticity, organic silts 

Peat and other highly organic soils 

60 

50 

40 
" 
� 

] 
?:-·u 30 
·� 

0 0:: 
20 

1 0  

0 
0 

Laboratory classification criteria 

C" = 
060 greater than 4; C, = � between 1 and 3 
D1o  Dto X Dso 

Not meeting all grad ation requirements for GW 

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

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

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

c = 
o�o greater than 6;  cc = � between 1 and 3 " D1o  010 X Dso 

Not meeting all gradation requirements for SW 

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

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

Cl v / 
�-=-��/ Cl-Ml��V Ml and Ol 

/ I 
1 0  20 30 40 50 

liquid limit 
60 

Plasticity Chart 

limits plotting in hatched 
zone with P.l. between 4 a n d  
7 are borderline case� re­
quiring use of dual symbols. 

CH v 
/ 

OH ond M H  

70 80 

v 
/ 

90 100 

*Division of GM and SM g roups into subdivisions of d a n d  u or� for rodds arid a i r f i e l d s  only.  Subdivision is  b ased on Atterburg limits; 
suffix d used when L.L. is 28 o r  less ond the P. l .  is 6 or less ; the suffix u used when l.l is g r e a t e r  than 2 8 .  

"'*"Borderline classif ications, u s e d  for soils posseHing c h a r acter i stic� of t w o  g r o u ps, a r e- d e s i g n a t e d  by combination:. of g r o u p  symbols.  
For e )(. a m p l e ·  G W - G C ,  wel l · g r o d ed gravel-sand m 1 )( ' u r e  with d a y  bindP.r.  

Repr i n ted from PCA Soi  I Pr i mer 
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APPEND IX C .  AMERICAN ASSOCIATIO N  OF STATE H I GHWAY OFFI C IALS 

AASHO SOI LS C LASS I F I CATIO N  

Genera l 
c lassi fi cation 

Q) 
> Q) 

0 
0 
N 

0 -g z  
· - c Qj 0 ..... ...r: 

., .,  ..... c c 0 Q) V) E .,  
Ol c g 0 
Q) Q) c > 0 0 

v; m 

A-1 

Group 
sym bo ls 

A- 1 -a 

A-1 -6 

Gra i n  size 
(s i eve) 

50% max . passes No . 1 0 

30% max . passes No . 40 

1 5% max . passes No . 200 

50% max . passes No . 40 

25% max . passes No . 200 

Atterburg l im i ts for 
fract ion passing No . 40 

L iqu id  l im i t  P lasti c i ty index*  

Less than 6 

0 ..... r---�-----r-------+------------------------�-------------r--------------� E ._ .... � 
� 0  QJ "O  c c 

u: � 
50% m i n . passes No . 40 

A-3 A-3 N . P .  § � 1 0% max . passes No . 200 
0 � 1----�----�------�------------------------�------------�--------------� 

8-, A-2-4 less than 40 Less than 1 0  
� �-g  0 s � -:E - '"'0 

"' "' 
Q) ._J 

u c 
.... 0 o _  
.c �  

- 0 
V1 rn 

A-2-5 
A-2  

A-2-6 

A-2-7 

A-4 A-4 
- -----f 

·- 0 V1 "' A -5 

� A -6 
0 "' 

� A-7 
>-
0 

u 

A-5 

A-6 

A-7-5 
and 

A-7-6 

35% max . passes No . 200 

Greater than  35% passes 
No . 200 

Greater than 40 

less than 40 

Greater than 40 

Less than 40 

Greater than 40 

Less than 40 

Greater than 40 

Less than 1 0  

Greater than 1 0 

Greater than 1 0 

less than 1 0  

Less than 1 0  

Greater than 1 0 

Greater than 1 0 
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Q) 
-u 
0 ... 
Ol _n 
::> 
V) 
..... c 
Q) 
Q) 
u X 
Q) 
.E 
-o 

0 
0 

0 

Q) 
-u 

0 ... 
Ol _n 
::> "' 

0 ....... 
.E 
0 
0 0... 

* The difference betw een l iqu id  l i m i t  and p lastic l im it; th e range of wa ter content through wh ich  th e soi l 
behaves p lastic ly . 



Ame r i c a n  Assoc i a tion 
o f  S ta te H ighway 
Offi c i a l s - soi l 
c lass i f i c a t ion 

U . S .  Depor tment of 
Agr i c u l tu r e - so i l  
c lossi f icot ion 

U ni fi ed soi l c l ass i f i c a -
tion 
U . S .  Army Corps of 

Engi neers 
Bureau of Rec lam a t i on , 

Dept . of I nterior 

S i ev e  s i zes - U . S .  standard 

Partie le  size - m i l l i m e ters 

-----

APPENDIX D .  CO MPAR I SO N  OF THRE E SYSTEMS OF PARTI C LE -S I ZE C LASS I F ICATION 

C o l loids 

C lay 

0 
� 

-- --

C lay 

S i  I t  

F i nes (si l t  o r  c lay ) 

� 8 (!; 8 0 0 0 0 . . . . 

-

00 -0 0 0 . 

-

S i  I t  

N (') 0 � 

- -

F i ne sand 

Ver y 
f ine F i n e  M ed ium 

sand sand sand 

F i ne sand 

0 0 0 " 0 " 0 0 N N -<> " 
I I I I I 

7 1 -o ai - N M " I 
0 0 0 

Coar se sand F i n e  M e d i um C oarse 
gravel  grav e l  grove l 

Coarse 
Very 

coarse F i ne Coarse 
sand sand grav e l  grov e l  

M ed i um sand Coarse F i n e  CoaJ se 
sand grave l grov e l  

i'.J ;:,. 0 0 r> N " 
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APPENDIX E .  GROU ND-WATER WE LL-NUMBERI NG SYSTEM 
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We l ls are designated by symbo ls that i ndi cate location according  to the recta ngu lar subdivis ion of pub li c  
lands . Thus ,  i n  the above examp le : 

2 S  refers to Townsh i p  2 south 
3 W refers to Range 3 west 
9 refers to Section 9 
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APPEN DIX F .  LON GSHORE DR I FT 

Ga lv in  and Eag l eson ( 1 965) provide t he fo l low ing equation for ca lcu lat i ng gross ve locit ies of longshore dri ft :  

where : 
V = g m T 2 si n e b 

V is the ve locity i n  ft/sec 

g is grav ity in ft/sec 2 (=1 6 )  

m is  beach s lope i n  rat io form x/y 

x = vert i ca l  d i stance 
y = hor izonta l d i stance 

T i s  the wave period in seconds 

6b is the ang l e  the wave crest makes wi th  the beach 

Ga lvi n ( 1 969) summarizes wave observat ion data for parts of the Oregon Coast and provides the fol lowi ng 
figure for a 1 0-year observat ion period at t he mouth of the Umpqua R iver. 

T = 8 seconds 

Adopti ng th i s  figure and assuming:  

m = 0 . 05 

(2 s in  e b  = 0 .350 

So lv ing the equation y ie l ds a gross longshore dri ft ve l oc i ty :  

v = ( 1 6 )  (0 . 05 )  (8) (0. 350) 
V = 2 . 2  ft/sec = 66 em/sec 

Ca ldwe l l  ( 1 966) provides a tab le  for re lat ing longshore drift veloc it ies with gross rates of longshore sedi ­
ment t ransport ,  

ft/sec 

0 . 03 
0 . 1 
0 . 25 
0 . 50 
0 . 75 
1 . 00 
1 , 50 
2 . 0  
3 . 0  
6 . 0  

c u  yards/year 

1 6 , 000 
50, 000 

1 25 , 000 
250 , 000 
375 , 000 
500, 000 
750, 000 

1 , 000, 000 
1 , 500, 000 
3 , 000 , 000 
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The ca l cu l ated ve l ocity of longshore d ri ft suggests a rate of longshore sediment transport of 1 , 1 00 , 000 
cub i c  yards per year .  The cr i t ica l  factor in the equation is the ang le of t he waves with t he beach . Th i s  
figure varies from beach to beach and with position on i ndividua l  bead1es not in  equ i l i brium, as around 
recent ly constructed j ett ies . 

Ga lv in  ( 1 972) provides a s imp le  equation for re lat ing mean wave hei ght to gross sediment transport 
rates; 

w here : 

Q i s  the gross transport rate i n  units of 1 00 , 000 cu yards/year 

H i s  t he mean wave he ight in feet 

Ga lv i n  ( 1 969) provides wave breaker height data for a 1 0-year observat ion period at the mouth of 
the Umpqua River that ind icate that H = 3 . 3  feet . 

thus:  

Q = 2 (3 . 3)2 

= 2 mi I I  ion cubic yards per year 

Th i s  f igure is s imi l ar to that determined using longshore dr ift ve loc i ties as a basis for ca l cu l at ions 
as descri bed above . 

T he U .  S .  Army Corps of Engineers ( 1 975) estimates rates of souther ly longshore transport of 500, 000 
to 1 , 000, 000 cubic yards per year on the basis of observed rates of i nfi l l ing behind t he north jetty at the 
mouth of the Rogue R iver . 

Using accurate loco I data and soph ist i cated ca leu  lations s imi  lor  to those descr ibed here i t  is poss ib le  
to  ca l cu late accurate rates of longshore sediment transport under vary ing cond it ions . With  the a id  of com­
putor s imu lat ions i t  i s  a l so possi b l e  to re l ate longshore sediment transport factors to vary ing types of jetty 
designs to aid in the se lection of the most suitab le  jetty designs for spec i fi c  locat ions . 
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A PPEND IX G .  CONSTANTS FOR CA LC U LATI NG SH E ET AND R I LL EROS ION,  
CURRY COU NTY, OREGON 

Soi I loss by sheet and ri I I  erosion can be ca l eu  I a  ted by the fo l lowi ng equation: 
A =  (R) (K) ( LS )  (C) (P) 

Where : A is  soi I loss in tons/year/acre 
R is  the ra i nfa l l  i ntens i ty factor 
K is  the soi l erodi bi l i ty factor a nd is a function of: 

si I t  and sand content of the soi I 
organic content of the soi I 
soi I structure 
soi I permeabi l i ty 

LS is  a measure of s lope i n tensi ty and is a function of: 
s lope length 
s lope gradient 

C i s  a ground cover factor 
P is an erosion control factor 

Va lues for these constants were determi ned for Curry County as fo l lows:  
R = 300 i n  the low lands and the terraces 
R = 450 in the up lands 

A 2-year 6-hour rai nfa l l  for the low land areas of Curry County is 3 . 0  i nches (Buzzard and Bow lsby, 
1 970) , wh i ch corresponds to an R va lue of 300 .  Because mean annua l rai nfa l l  of the more mountai nous 
areas is  1 20 i nches, as opposed to 80 i nches for the low lands , a figure of 450 is  adopted for the va lue of 
R in these areas for lack of better data . The R figures are determi ned graph i ca l ly using data from U .  S .  
Department of Agricu l ture ( 1 972) . 

K = 0 . 25 for sandy loam a nd si l ty loam soi ls  
K = 0 . 35 for si l ty c lay loam and c lay loam soi ls 

Review of K factors I is ted on Oregon Soi Is Sheets i ndicates that these figures are reasonably accurate 
for soi ls of the Oregon coasta l zone . More accurate data cou ld be derived w i th a ppropriate soi l s  i nformation, 
but wou ld add l i tt le to the genera l ized ca lcu lat ions presented here . 

LS i s  determi ned graph ica l ly from U . S .  Department of Agric u l ture ( 1 972) . 
F igures app l i cab le  to the study area are g iven be low . 

Landform Gradient Length LS 
Up lands 40% 500 feet 26 

20% 500 fee t  1 0  
Terrace 2% 500 fee t  0 . 5  

and 1 %  500 feet  0 .  l 
Low lands 0% - - - - - -- 0 . 0  

C is h igh ly  variab l e  for the study area . I t  i s  a measure o f  land use . 
For we l l -stocked wood lands (75% - 1 00% tree cover w i th th ick  forest l i tter and managed) C = 0 . 001 . 

For no canopy a nd on ly 20% ground cover of grass or duff C = 0. 200 . Va l ues for C l i e  w i th i n  these ex­
tremes for most of the study area . 

P i s  not app l i cab le  on a regiona l basis for most of the study area . 
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GLOS SARY 

T h i s  is a l i st i ng of geo log i c  terms used i n  the text wh ich may be unfami l i ar to the p lanner . T he 
defi n i t ions and s ign i fi cance of many of the terms are deve loped more comp lete ly i n  the appropriate parts 
of the text (see Table of Conte nts) . 

amphibo l i te - a  med i um-grade metamorph ic  rock consist i ng ma in ly  of the m i nera l s  amphibole (usua l ly 
hornb lende) and p lag ioc l ase . 

arg i l l aceous - composed l arge ly  of or conta i n i ng c l ay m i nera l s  or c l ay-s ize m i nera l s .  

atte nuation - to d im in i sh w i th  d ista nce from the poi nt of or ig i n .  

bedrock geo log i c  un i t - bedrock uni t  composed of hard rock that extends to depth . 

berm - mater ia I thrown up by storm waves on backside of beac h .  

b lock fau l t  - fau l t i ng characterized by vert ica l d i sp lacements o f  crusta l b locks . 

b l uesch ist - a  low -temperature, h igh-pressure metamorphic rock cons i st i ng in part of b l ue amphibo le and 
re lated m i nera l s .  

brecc ia  - vo lcanic  rock cons ist i ng of  large angu lar  b locks i nd i cat ive of v io lent  erupt ion or  f lowage whi le 
coo l i ng ,  

britt le response - fracturi ng of hard bedrock i n  moderate ly severe to severe earthquakes; may in i t io  te 
rockfa l l s on steep s l opes . 

buttress unconform i ty - unconform i ty character ized by a h igh ly  i rregu lar surface i n  l oca l exposures . 

c last - an i nd iv idua l part i c le i n  a sed imentary deposit ;  a pebb le  i n  cong lomerate , for examp le . 

coasta l retreat - movement of the coast l i ne s low ly i n land by wave erosion and re lated processes . 

co l l uv i um - soi l and/or loose rock mater ia l  depos i ted by mass movement . 

concret ion - hard mass i n  sed imentary rock formed by local cementat ion , usua l ly by l i me deposited i n  
a concentr ic pattern a-round a nuc leus . 

cont inenta l - perta i n i ng to sed ime ntary deposits l a id down on t he re l at ive ly  stab l e  cont i nenta l  she l f  as 
opposed to the sea f loor. 

creep - random , g radua l ,  part i c le- by- parti c l e  movement of so i l  a nd rock materia l downs lope in response 
-- to grav ity (see Tab le  1 6) .  

debris ava lanche - rapid s l i d i ng of rock a nd so i l  masses on a s l ide p lane para l le l  to the s lope of t he h i l l ­
side (see Tab le  1 6) .  

debris f low - rapid  f low of rock and so i l  mater ia l  down a steep s lope i n  s l urry - l ike fashion/ ow i ng to h i gh  
water content  (see Tab le 1 6) .  



1 44 LA N D  U S E  G E O LO GY O F  CURRY C O U N TY 

debris s l ide - s l idi ng of a b lock of so i l  or rock mater ia l  down a s lope a long a p la ne para l le l  to the s l ope . 

d ike - a  tabu lar in trusive body of i gneous rock that cuts across other bedrock structure s .  

d iorite - i gneous rock hav ing gran i t ic  texture and i ntermed iate compos it ion between acid a nd bas ic, which 
coo l ed at depth rat her  than o n  t he surface . 

dri ft beach - gent l y  arcuate to a l most straight beach or iented ob l ique to oncomi ng wave fronts; resu l tant 
l ittora l dr i ft transports sand down the beach . 

earthflow - flow of so i l  and rock materi a l  a long i n numerab l e  shear p lanes i n  the manner of a v iscous f l uid; 
terra in  character ized by irregu lar i t ie s  of topography , dra i nage , and so i l  type . 

earthflow and s l ump topography - areas for which  high probab i l ity of  earthf low or s l ump is inferred on the 
bas i s  of drai nage , s lope character ist i cs, geo logy, structure , stereoscopic  photo i nterpretat ion , and 
avai lab l e  fie l d  eviden ce . 

e last ic response - ground movement duri ng a n  e arthquake i n  which  t here i s  no dampi ng and i n  which  part i c les 
ma i nta i n  the i r  same re lat ive posit ion; common duri ng sma l l  quakes a nd in sem iconso l idated a nd con­
so l idated bedrock duri ng l arger quakes . 

epicenter - geographic l oca l ity on the eart h 's surface above the focus of  an  eart hquake . 

e ustat ic - change i n  sea l eve l caused by cha nge i n  the vo l ume of sea water, as during ice ages . 

fac ies - as used here, refers to I eve I or degree of metamorph i sm . 

f loat - bl ock of bedrock materia I d isp l aced downs lope by mass movement . 

f lood p l a i n  - area subject to i nundat ion by l arge f loods . 

f loodway - stream channe l or channe l s  t hat convey fast-movi ng f lood waters . 

f loodway fri nge - area beyond f i oodway , but subject to periodic f loodi ng . 

f l uv ia l - perta i n i ng to a river or rivers . 

focus - point  of ori g i n  of an  earthquake wi th in  the Earth . 

fo l iate - havi ng a p lanar arrangement of m i nera l gra i ns or other textura l features; o f  sign i fi cance i n  i nter­
pret ing metamorph i sm . 

gabbro - a dark-colored bas ic  i ntrusive i gneous rock having gran i t ic  texture a nd chemica l  composi t ion 
s imi lar to basa l t .  

geo log ic  hazard - a  geologic process that t hreatens the safety , we l fare , or act iv i t ies  o f  ma n .  

g laucophane - a  b l u i sh  metamorphi c  m inera l  o f  the amphibo le  group; o f  considerab le  s ign i ficance i n  t he 
i nterpre t i ng of metamorph ism . 

gne i ss - a  re la t ive l y  h igh-grade fo l iate metamorphic  rock characterized by bands of e longate m i nera l s  and 
-- bands of granu l ar minera l s .  

graded beddi ng - l ayers of  sed ime ntary rock characterized by coarser gra i n  s izes near the base and finer 
gra i n  s izes near the top; common ly  deposi ted by turb id i ty curre nts .  
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gree nstone - metamorphosed basa l t . 

ground response - behavior of the ground during eart hquakes; may inc l ude bri t t l e  response of hard bedrock , 
e last ic response of firm ground , l iquid  response of sat urated ground, and others . 

ground water - water i n  t he zone of saturat ion beneath  the E arth ' s  surface; app l ie s  to soi l water or to water 
in bedrock , depending upon loca l condi tions . 

i gneous - rock so l id ified from mol ten  or partia l ly mo l ten mater ia l  or magma . 

i nfi l tration rate - rate at wh ich  ground can absorb ra i n  or me l t i ng snow under spec ified condit ions .  

i ntensity - a  re lat ive measure of the severity of an  earthquake based upon observat ions of its e ffect at the 
Eart h ' s  surface (see Table 6). 

i ntermediate composit ion - sa i d  of i gneous rocks t hat are i ntermediate i n  compos it ion between basi c and 
acidic;  si f ica conte nt i s  between 54 and 65 percent; examp les i nc l ude d iorite and syen ite . 

I ntermediate Reg iona l F l ood - flood hav i ng a probabi l ity of occurrence of one percent for any given year . 

jo int - fracture i n  rock a l ong wh ich  l itt l e  or no movement has occurred . 

landform - any physica l form or feature of the E arth ' s  surface havi ng a character ist ic shape and formed by 
natura I processe s .  

l aterite - h ig h ly  weathered, red subso i l1r ich i n  oxides of i ron and a l uminum and defi c ient i n  pri mary si l i­
cates . Of economic  s ign i fi cance i n  C urry County owing to res idual enri chment of n icke l . 

l iquefaction - the transformation of unconso l idated saturated materia l i nto a fl u id mass by vi brat ions or 
by the add it ion of water . Earthquakes  of Merca l l i  i ntensity VI are be l ieved to generate sma l l -sca l e  
l iq uefaction (see Tab l e  9) . 

l iqu id l im i t - water content beyond wh ich  so i l  be haves as a l iquid . 

l i tho logy - the physica l c haracter of a rock . 

l ittora l drift - moveme nt of materia l a long the beach by waves as they impinge at an  ang le  to the beach . 

lode - a  m i nera l  deposit occurr i ng as a vei n or series of ve i ns i n  bedrock , as opposed to p lacer deposit s .  

magn i tude (earthquake) - a  measure of the e nergy re l eased by a n  earthquake a s  determi ned by i nstrume nts 
grounded in bedrock (see Ta b le  6) . 

mar ine - perta i n ing to the ocean as opposed to r ivers or lakes .  

mass moveme nt - downslope movement of so i l  or  rock in  response to grav ity (see Tab l e  1 6) .  

me lange - a  sheared m ixture of rock materia l  o f  reg iona l d i stribution and tectonic orig i n  (see Otter Point 
Formation ) .  

metamorphism - minera logic and structura l adj ustment o f  rock to cond it ions of temperature and pressure 
more extreme t han t hose in the zone of weathering and different from condi t ions u nder wh ich  the 
rock was formed . 
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ms l  - mean sea leve l ;  average height of surface of the sea for a l l  stages of t ide over a 1 9-year period; 
t he datum poi nt for measurements of e l evat ion on land (see Tab l e  1 8) .  

oceanic - perta i ni ng to sedimentary and vo l canic  rocks deposited on the f loor of the ocean, as opposed to 
the conti nenta l she l f .  

ophio l i te - su i te of rocks inc l ud i ng peridot ites, gabbros, basa l ts, and  oceanic sediments, be l ieved to rep­
resent deep-sea sed ime nts and oceanic crust and mant l e .  Assemb lages of rocks of t he appropriate 
composit ions on l and are somet imes i nterpreted as ocean ic  crust and mant l e  that have been  fau lted 
i nto their present pos i t ion  (see Otter Point Formation ) .  

perc hed water tab l e  - the upper surface of  a zone of saturat ion i n  the ground; s i tuated above the reg ional  
water tab l e  and separated by impermeable rock or so i I .  

per idotite - genera I term for coarse-gra i ned p i  uton ic rock consisti ng of o l iv ine and pyroxene and re I a  ted 
mi nera l s .  Many peridotites are interpreted as parts of ophio l ites formed beneath t he Earth ' s  crust 
on  t he upper mant l e .  

permeabi l i ty - a  measure o f  t he ease o f  f l u id f low through rock o r  so i l .  T he coeffic ient of  permeabi l i ty 
is the rate of  f low (ga l lons per day) through a square foot of cross section under a hydrau l ic gradient 
of 1 00 percent at 60° F .  

petrography - the description and systematic c lass i fi cation o f  rocks . 

petro logy - the study of rocks and t he i r  systemat i c  c l ass i fication as it re lates to their  or igi n .  

phy l l i te - arg i l laceous metamorphic  rock intermediate between s late and schist . 

p la te tectonic theory - the t heory that the Eart h ' s  crust and upper mant l e  are d iv ided i nto severa l d iscrete 
p lates bounded by ma jor zones of fau l t ing,  mounta in  bu i l di ng , and vol canism ( see Tectonic Sett i ng) . 

p luton ic - perta i n i ng to igneous rocks formed at depth ,  such as granite . 

porosity - percentage of voids div ided by bu l k  vo l ume; a measure of the water-ho ld ing capacity of rock 
or soi I .  

proto l i th - unmetamorphosed rock from wh ich  a metamorphosed rock is derived . 

rego l i th  - zone of weathered rock and soi I above fresh bedrock 

retrograde metamorphism - metamorphism of a h igher grade metamorphic rock i nto a lower grade meta­
morph ic rock . T he b l ueschist pods of the Otter Point Formation have undergone retrograde meta­
morph ism . 

rhythmic  beddi ng - as used here, refers to a repeti tious occurrence of th in  l ayers of sandstone and s i l tstone 
beds wi th in  a geolog ic  formation and i nd icative of a frequent and repetit ive a l ternation of sed imentary 
condi t ions . 

rhythmic topography - the systematic and repet i tive occurrence of beach l andforms a long a coast l ine . 
Features may i nc l ude bars , r ip channe l s ,  cusps, and others . As t he e nt i re beach system m igrates 
a long a coast l i ne ,  various locations on the shore may experience a lternat ing coasta I stabi I i ty and 
i nstabi l i ty .  

rockfa l l  - fa l l i ng rock on a steep s l ope (see Tab l e  1 6) .  
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rocks f i de - s l i di ng and ro l l i ng rock on a steep s lope (see Tab le  1 6) .  

run-up - the e l evation on l and t hat a wave may reach measured i n  re lation to preva i l i ng sea leve l .  
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schist - strong ly  fo l iate crysta l l i ne rock formed from metamorphism under cond it ions of d i fferent ia l  stress .  

schistos ity - strong fo l iation resu l t i ng from para l le l  p l anar orientat ion of  m i nera l gra i ns .  

seismic ity - the re l at ive degree of earthquake activity of a given area . 

serpent ine - a  group of rock-form ing mi nera l s  composed ma i n ly  of magnesi um,  si l i con, i ron oxides,and water . 

serpent in i te - a  rock consist i ng a l most whol l y  of  serpent ine group m inera l s .  

shear p lane - s urface o f  s l id i ng in  many forms of  mass movement . 

shear zone (tectonic) - a l i near zone of sheared rock formed by extensive para l le l  fau l t i ng .  

s lope erosion - remova l of so i l  from a s l ope by sheet wash, r i l l wash , or gu l ly ing . 

s lump - mass movement c haracterized by disp lacement on  a curved basa l s l ip p lane (see Tab l e  1 6) .  

soi l - as used here, refers t o  unconso l i dated m i nera l matter formed in  p lace by weatheri ng and characterized --
by various soi I hor izons.  

soi l horizon - a  layer of soi l d i sti nct from other layers on the basi s  of physica l properties and chemi ca l  
compositio n .  

spec i fic capacity - a  measure of t he  potent ia l  o f  a we l l  to de l iver  water; i ncorporates a considerat ion of 
both production and drawdown .  

storm surge - rise o f  sea leve l above pred icted t ides owing to low barometric pressure and w ind . 

strike-s l i p  fau l t - near-vert i ca l  fau l t  with horizonta l disp lacement . 

structure - the spat ia l  arrangement and deformation of rock units i n  a given area; inc l udes consideration 
of fau l t ing and fo ld i ng . 

subduction - the process of one large crusta l b lock descend i ng beneath another as a resu l t  of p late co l l ision 
(see defi n i tion of p late tectonic t heory). 

surf ic ia l geolog ic un i t  - as used here, refers to a mappab le  body of unconso l idated eart h materia l formed by 
deposit iona l processes and form i ng a re lat ive ly th in  layer over bedrock units . 

swash beach - concave beach located between  head l ands and hav i ng a shore l i ne para l l e l  to oncoming . 
wave fronts; di ffers from drift beach i n  t he absence of s ign i ficant l ittora l dr ift . 

syenite - a  group of p l utonic rocks re lated to d iori te but lacking i n  essent ia l  q uartz and conta in ing more 
a lka l i  fe l dspa r .  

terrace - an e l evated , re l at ive ly f lat erosiona l and deposi t iona l surface, genera l ly above t he l eve l of on­
going depos it ional processes (see Tab le 2). 
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t hrust fau l t  - fau l t  wi th  a d i p  o f  45° o r  less a long which  the over ly ing b l ock has moved over the under lyi ng 
b loc k .  

t hrust sheet - t he b lock o r  p late over ly ing a thrust fau l t .  

tide - the rhythmic rise and fa l l  o f  sea l eve l occurri ng twice a day o n  the Oregon Coast and resu l t ing  from 
-- the gravi tationa l a ttraction of the Moon and the Sun (see Tab le  1 8 ) .  

torrent ia l  fl ood - f lood characterized by  rap id ly  movi ng water in  a channe l w i th  no  flood p la i n ,  as i n  a 
mounta in  rav i ne ,  

transcurrent fau l t - large-sca le  strike-sl ip fau l t i ng located where two crusta l p lates are disp laced re lat ive 
to one another . 

tsunami - se i sm ic  or shock wave generated at  sea by a major earthquake or part icu lar ly v io lent  vo l canic  
eruption; erroneous ly  referred to as t ida l  wave . 

tuff - rock composed primari ly of sma l l  exp los ive ly erupted vo l canic  parti c les . 

u ltramafic - igneous rock composed ch iefly of mafi c mi nera l s  (mag nesi um and i ron-r ich)  such as pyroxe ne 
a nd o l ivi ne; genera l ly dark in color .  (Examples  - peridot ite and serpent i nite) . 

unconformity - surface of erosion betwee n superimposed rock formations . 

unconsol idated - a  loose ly  arra nged, uncemented sed iment that ge nera l ly can be disaggregated by hand . 

upl and - terrai n  above l ow l ands a nd terraces (see Tab le 2 ) .  

water tab le  - upper surface of the zone of water saturation i n  t he subsurface . 

wave set-up - retarded return of waves to the sea ow ing to w i nd fric t io n .  

w ind set-up - pi l i ng o f  water agai nst a shore owi ng t o  w i nd shear acting upon the surface o f  t he water . 
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EXPLANATION 
(All statements are general; 

I '"' I 

? 

site evaluations require on-site examination) 

Surficial Geologic Units 

b.,.c� sand (Recent): Fine- to medium.rrainO'd unco.,.olidat•d U�nd; r�neral!y 
lllin; 1.'ery hirh p�rmeablli/y; no/ appropriol� for detoelopmO'nl; Include• norrow 
berm and foredune depo•it•; llo2arch include oceon (loodinr. watoe ero•ion. and 
waue dO'po•ilion. 

unstable dune sand {Recent): Uncon•olidaled fine· to medium-trained oond of 
dune• no/ protected l>y verda lion; flenerally /�in O'>:cep/ •oulh of Pillol Riuer; 
hith perm�Mbility with mode.t rround·waler pe>ten tialle>cal/y; ha�ardo include 
wind erool<:>n and depositie>n, <:>cO'an (loodint ln plocu, a"d poulble pre•ence of 
c<:>mprenlble s<:>ils "' depth. 

stable dune sand (Recent): Unce>n•olidoted fine. to medlum·trained dune sand 
pmtected (mm wind by veretotie>n; rentrol/y thin; hazard• include e>ceon 
fle>odint and poulble pruence of compreuibl8 10111 a/ depth; unit doeo no/ 
include •/able oo.nd over/yinr marine terroce depo•it•. 

mauh deposits (Recent): Unconoolidoted orronlc·rich •ill, cloY. and "'"d in 
eo/uorine and tow.tyinr f..e•h-wale� wel/ond orf!<U! abu.,donl vegetation; 
ho%ord• include pondlnr. hirh water table. uery low foundation ,,...,n,th. and 
•/ream (!oodlnr; p�Miy depooit• mfJy under/it oth.- olluviot and U�nd units. 

QUAternary aUuvium (Re.:ent and late Plriltocene): Unconwlidoted Hnd. rrouel, 
•ill, and clay in oh"eam b«do ond flood pU.ino of mQjor 1/nrom•; rroin 1iz1 
'"""�oily inc-• with depth; moderately h/611 foundollon stre�th; 
rmund.wot�r po/entlal m�rote; ollly cloy /0<1m 10ih; hazordo incluU... 
.t,...om-bonlo erosion, pond i�. h lth rrou11d woler. (loodlnr. and oillolion. 

QUAternary fluvial terrace deposit.s {Pieinoeene): Unconoolido/ed to umi· 
co..,olidoled f!ot-!yinJ olluvial depo1it1 of Knd, rra��el. ond lilt ouer/ooloi� 
p�,..nt.doy flood plai"'; ,..,;, 1izot renerally increoHI with depth; modotrote to 
h/6h fouruJolion •tnrnrlh; low to moderatot rround·wa/er pOienlial; hazordl 
Include olreom·bonlo ero1ion, loco/ pondln¥, o11d occulonol '''"""'m (!oodinr in 
placn. 

Quaternary lower marine t-errace deposits (latest Plriltocene): r;,;.,, poorly 
conoolidoled oond. oil/. and cloy 0 to 40 fotel in O'leuolion; equltoalent to 
Wh!oloey Run terrace of Grillr• (1945}; oondy /0<1m, silly /0<1m, and o/1/y cloy 
IO<Jm .oils; poorly droined with O'XIenolve pondlnr and (loodinr. 

Quaternary middle marine terrace deposits (late Plei•te>cene): Tllln (5 to 40 feet) 
semi-consolidated sand. oil/, and rrau4"1 40 to 200 feel in �levation; equivalent 
/o the Pioneer terroce of Grillr• (1946); beoch rldr� toporrophy and 1/Teom 
d/Mectlon In ploce•; Mndy /0<1m •oQ with lm�>t�nneable Iron pan o/ •hallow 
depth• Wcally; h<Uordl Include poor droinOife. local fl(>ndlnr. ond CO<Uiol 
retreat. 

Quaternary upper marine terrace depasit.s (middle Pleistocene): Thiclo. mBUive 
U�nd. •ill. and ba&al rrauel o l  etevollo,. of 100 to 900 feet; po,.lbi:Y equivalent 
to /he Seuen Deuib terrace of Gri6r• (1946); lilly cloy loom oolb; diaucted by 
deep rovine•. 

Quaternary hilber marine t-errace deposito (early PLeinocene?): Thlclo Hmi­
co..,olidoled •ond and •ill with boool rrovell; elevo/Oon 250 /o 1 .000 feel; 
equivolenl to hiJher terroces of Gr16•• ( 1945); ..,ndy loam wilo; renero/ly cop 
ridJeo a1 ilo/aled depo.ollo; liCry deeply diloected neor Port Orford. 

Bedrock Geologic Units 

Sedimentary Rodu of Wte Tertiary 4e 
Empil"e Formation (early Pliocene), Port Orford Formation (middle to late 

PUocene), and Miocellf! Hdimentuy rock (Tmp): Moderu/ely hard 10nd1tone 
and CO"'Iomera/e In 1tup ...., cliff• ond uollfty walt.. neor Cope Blonco; 
impermO'oble to permeable locally; hazardo include CO&IIa/ 1"1!/reol and dope 
«rooion_ 

Sedimentary Rod<l nf Early Tertiary 4e 
Floumoy Formation {1'ef), Lookingglass Formation {TelJ), Rosebw:1 Formation 

{Tn), and uru:llfferentiated Eocene rocks •t Cape Blanco (Teu) (aU early to 
middle Eocene): Rhythmically bedd<td hard oondotone and minor •1111/one; 
hirh fouruJc.tion olre"'th; Impermeable but with local ln{lilro/ion olonr fault•. 
/ointo and beddinr pta.nu; low rround-woter potential; U�ndy loam ""tl •illy 
loom ooi� of variable lhiclone,.; hazord• include •roslon. eorlhflow. and U...brl# 
olideo. 

Sedimentary Ro<:ks of Late Cretaeeoua Aae 
Hunter Cove Formation (Kuh). and Cape Sebastian Sandstone (Kuc): Mod .. rol<!ly 

hord oond•ton.e and ohole; hithly ohefJred •outh of Cope Seb<NIIon: moderately 
hith to low foundation •trenrlh and P<Jrm�Mbllily ao a function of ohear/nr: 
•illy clay lqam and 1ilt:Y loom 10il•; hozordo lncludO' eorlhflow, o/ope ero1ion. 
and CO<JIIol l"l!t,...o/_ 

Sedimentary Rocka of E.,.ly Cretaceoua AI• 
Rocky Point Formation (Kr). HumbUi Mountain Con&lomente (Kh), and Myrtle 

Group undlfterentiate<l (KJm): Hord rhylhmkolly bedded Mndllone and 
oillolone with hord �onrlomeral" In plac"l! compr�e port of a I"I!IIOnol thru1t 
oheet; very h/rh to h irh foundallon otrenrth; very low J>t!rmeobilily and 
rround.waler pa/en/iol; oil/y loom ond rrovelly l0<1m oo/� of hirhly variable 
/hlclonea; hozordo include •lope eroolon. dcbr� .olid« and debrj, (!ow. 

Sedim.entary and Volcanic Rod<• of Jl.lraAic Al;e 
Ott.er Point Formation (Late Jurassic): Heteroreneou• ... umbla¥e of UllldJ/one. 

marin• booolt, metomorphk bloclu, cOniiOmerale. and mlnorchO'rt; rerlonolly 
oheored in the north and alonr 1/ne..r slle..r �oneo alonr thtt COIU/; h/6hly 
toariabU. foundation olrenrth ond permeobUity; renot,..,lly low rround·wo/er 
potential; .oil t:Y�•. thiclonl!IJHI, and prOJ>t!r/OU h/6/tly variable; ex/enol.,., 
eorlh(lowo CO"'i/u/e mQjor hazard. 

Doth.an Formation (Late J\lnssic): Hard Mnd.otone ond moderal«ly hard ollt•tone 
with m inor treO'nstone and ch•rt eopedolly olonr th• caul; h;,h foundation 
ol...,"'lh; low permeobfllly and rround·water POt«ntlol; oilly clay l0<1m to 
¥ruvelly IOGm .oi� of 110r/oble thiclon..,.; hazordo i11c/ude IIOPtl •ro•lon and locol 
.....,. mO<Jemenl. 

Galice Formation (early Lat.e J.........tc): liard 1/o/y ohoi8 with minor ..,nd1tone. 
rru.,.lone, and chert; u"'heonrd but compr.,eo pari of o re¥1onol thr111/ ohe«<; 
moderate foundation otrentlh; tow p•rm..,.bllily and rround.waler po/enllol; 
oilly cloy loom oo ill; mQjor hf1zfJrdl "" •loJ>t! erooion ond locol mo.N mouemenl. 

lpeous and Metamorphic Roclt. of Varloua Aau 
Mount Emily DacHe (Oll&ocene): Moun/ Emily pluton fJnd l"f'lo/ed diloe• 

diltrlbu/O'd Q/onr zone• of •true/ural weoloneu; hillh foundolion •trenrth; low 
pO'rmeabl/ily and rround-water potential; poulbllity of perched water table• 
locolly; sandy loam and rrauelly l0<1m •olio of h�hly uar/oble th/clone11; ha.zor<h 
Include roclo(oll. debrl• o/lde. and olope «roo/on. 

Colebrooke Schi.Jit (Late Jurassic orleln. CTetaceous e>r l•ter emplacement): Mka 
phyl/1/e and ochiot dO'riued from ohale and oondot0n1; a/10 lncludeo marine loua, 
luff. and chert; comprlu• a l"l!tionol thruot oheet; moderat" permeability 
ond rround.waler pa/enllal; cloy loom 101/1 of uarioble thlclone11; mQjor ha�ardo 
Include olope er<» ion ond m,... mouemO'nl locally. 

Pearoe Peak Diorite (Late Jurassic): Medium. to (/ne·}olnted quartz diorite; form• 
part of a rerionat thl"Uil lhe«l; low perm..,.b/11/y, but pOII/b/1/ly of perched 
woler toble locolly; silly IO<>m, 10ndy l0<1m, and rrouelly l0<1m oolb of h/6hly 
110rioble thlclone&O; rn<Uor hazo�d• ore .tope eroo/on, debrl. oi/.U.o, oruJ debrj, 
flow. 

Serpentine and peridotite (Late Juraulc): Primarily tectonic ohuto within the 
Otter Point Formolion o11d 81 10/el to ouerrld./nr lhruot ohe«to, but allo preun/ 
alonr ��ertlca/ fau/lo; l ime of final emploc•m•nl• uorloblft; ""'1"7 low to moderot• 
foundation otrvmrth a1 " (unction of oheorlnr and weothO'rlnr; very low 
permeability; perched wo/ .. r toble• locolly on (lot terro/n; /h/n cloy, cl4y IOGm, 
ond rubbly will. reneru/ly lat.,ri/ic; mQ/Or hazard U m,... mo....,m•nt In •hear 
zone,_ 

Geologic Symbols 

Contacts Folds 

Definite contact Derinite anticline 

Approximate contact 
I 

Definite syncline I 
Concealed contact -+- Approximate anticline 

_.l...._ Approximate syncline I 
Faults 

Definite fault (D, downthrown Bedding 

side; U, upthrown side) --'-- Strike and dip of beds 

Approximate fault � Strike and dip of vertical beds 

Uncertain fault -v Strike and dip of overturned beds 

Concealed fault 

Thrust fault Foliations 

Fault zone? Shear zone?? Strike and dip of foliation 

� Strike and dip of vertical foliation 

Rock quarry X Gravel pit 
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EXPLANATION 

(Boundaries w:e app�oximat�; statem�nto are general; site evaluations require 
on-site examination) 

Average (Regional ) Slope 
Interpreted from maps with scale 1 : 62,500 

0-/5% slopes locally; landforms include beaches, flood plains, fluvial 
and marine terraces; surficial geologic units; hazards include flooding, 
ponding, high ground water, poor drainage, and compressible soils; 
lnnd-use potentinl excellent in areas of minima/ hazard. 

0-50% slopes locally; lnndforms include dunes, dissected marine 
terraces, and gentle uplands, especially ridge crests, hazards include 
negligible to moderate erosion and deposition by stream, wind, or wave; 
land-use potenlinl good in regions o( minimal or controllable hazards. 

0-50% slopes locally; landforms include dissected parts of older marine 
terraces and moderately sloping uplands, especinlly sheared areas 
undergoing mass movement; other hazards include moderate to rapid 
erosion and deposition; land-use potential variable and generally 
restricted to low density residen tial use, forestry, and open space. 

Greater than 50% slopes locally; landforms include uplands of relatively 
hard and unsheared bedrock; hazards include moderate to rapid 
erosion, local earth(low, slump, debris slide, and debri.� flow; land· use 
potential generally limited to very sparse development and well­
managed forestry. 

50% to uertical locally; landforms include interior uplands of unsheared 
very hard bedrock and sea cliffs; hazards include extreme erosion, rapid 
earthflow, debris slide, debris flow, and rockfall; land use restricted to 
very well-manaKed (oreslrv and oven snace. 

Flooding 

Intermediate Regional ( 100-year) Flood: Extent of flood (determined 
by the U. S. Soil Conservation Service) having a 1% probability of 
otturrence in any given year. 

Flood-prone Areas: Areas that are known to have experienced flooding 
on the basis of field observations and interviews (composite maximum 
historical flood) and areas of inferred flood potentia! based on 
landform, vegetation, and soils (without benefit of direct flooding 
observations); approximately equivalent to the Intermediate Regional 
Flood. 

Potential Ocean Flooding: (no symbol on maps owing to limitations of 
scale) Beaches, marshes, interdunes, and other low·lying coastal areas 
are subject to tidal flooding, storm surge, and tsunami inundation; 
highest possible tides are about 6 feet above mean sea level; storm 
surges may add 4 feel to this, exclusive of wave action; tsunamis with 
heights of 15 feet and runups of 20 to 25 feet are possible; major 
impacts on open coast. 

Erosion and Deposition 

Headland and Sea Cliff Erosion: Removal of headlands and sea cliffs by 
waves; generally slow in hard bedrock, but may approach a few inches 
annually in softer bedrock near Cape Blanco and on exposed marine 
terrace deposits; associated mass movement effects large areas; slides 
may produce large, sporadic coastal retreat locally; generally no viable 
means of protection; impact minimized by adequate setback and proper 
design. 

Potential Beach Erosion and Deposition: Areas in which jetty 
construction or modification, beach excavations, channel dredging, 
spoil disposal, and other artificial changes may initiate beach erosion or 
deposition; extent of impact varies with size of project; beach areas 
generally in equilibrium with headlands except for seasonal and longer 
term cyclic fluctuations. 

Critical Stream-bank Erosion: Undercutting and caving of river and 
stream-bank material by stream action; restricted primarily to flood 
plains and terraces; characterized by location on outer river bends, bar 
growth on inner bank, and relatively deep water nearshore; passes 
upstream into actively eroding stream channels; treatment may include 
riprap, channel modification, and land-use restrictions, depending upon 
local hydraulics, desired !and use, and erosion rates. 

Regional Wind Erosion: Windward sides of unvegetated dune com· 
plexes, foredunes and beaches; promoted by overgrazing, fire, and 
artificial devegetation; hazard minimized by proper conservation 
practices. 

Wind Deposition: Sand deposition by wind on the leeward side of 
active dunes and around artificial structures in active wind erosion 
areas; prevented by stabilizing source area, proper location of 
structures, and proper planning. 

Slope Erosion: Loss of soil material by moving water on slopes; favored 
by removal of vegetation, ground disturbance, sandy soil textures, Jack 
of consolidation, slope gradient (see above), and slope length; removes 
valuable top soil and causes deposition downslope; may silt streams or 
adversely impact developments; wide variety of engineering and 
land-management techniques for control. 

Mass Movement 

Earthflow and Slump Topography: (areas less than 20 acres not shown) 
Moderately sloping terrain with irregularities of slope, drainage, or soil 
distribution; recent movement shown by tension cracks, bowed trees 
and others; most extensive in sheared bedrock areas; greatest activity 
where coastal retreat, stream-bank erosion, or steep-gradient streams 
remove material from the toe; hazards associated with inactive areas 
include variable foundation strength, caving in excavations, poor 
drainage, and others; development possible locally, but generally may 
reactivate or accelerate sliding; may also initiate sliding in previously 
stable areas. 

Steep Slope Mass Movement: Areas subject to localized debris slide, 
debris flow, rockfall, or rock slide; specific locations a function of rock 
type and structure, soil properties and thickness, cover, root support, 
and others; common on steeply sloping very hard bedrock; mitigation 
may include structural solutions, drainage control, and appropriate land 
use and forest-management practices. 

The preparatlor> of this map was financed in part 
through a project development grant under the 
Coastal Zone Management Act of 1972 administered 
bv the Office of Coastal Zone Management; local 
administration by the Land Conservation and 
Development Commission. 

Research for this map sponsored in part by the U. S. Geological Survay. 
Department of the Interior, under USGS Grant No. 14·08-0001-G-135 
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EXPLANATION 
(All statements are general ; 

site evaluations require an-site examination) 

Surficial Geologic Units 

beach sand (Recent): Fine- lo m«Jium-grulned uncoll#ollda!ed land; generally 
!hin; �>ery high permeobili!y; not appropriale for dellf!lopment; Include• nurrow 
berm and foredune deposi/6; hazard• include OC<�'IHJ floodin/l, waue .,ro•ion, and 
wove d<l'po•Won_ 

unstabl� dun� sand (R�cent): Uncon•ol/duted fine· to medium-/lrained 1and of 
du"e. not protected by ue1etatlmr; !lenerolly tRin excepl 1outh of Pi.rol River; 
hl!lh permeability with modut ground-wa/�r pol�nlial /ocaUy; hazard� include 
wind "roston and depo•llion, Oc<l'att (loodln/l lll place•. and poulble pr.,•ence or 
compresolb/e soils at depth. 

stable dwte sand (Recent): Unconsolidated fine- to medlum-grolned dune sond 
prot<l'cled (tom wind by uegetation; !lenerall)• thitt; hazard• include oceon 
flooding and pou;ib/c pre•ence of compr<ru//Jic 10/11 a/ depth; uttit dou not 
Include •table sand overlyinr marine terracg dcpofilf. 

marsh deposits (Recent): Unconsolidated orranlc-rich •Ill. clay, a"d 1and in 
"'tuarine and low-lyin!l fre•h·water wetlond areo•: abundant <H!/lelatlon; 
hazard• include pondint, hith water tab/.,, very low foundation dMntlh, and 
Hream floodin/l: peaty depo•lt• moy rmderlie other a/luv/ol ond 1ond uni/1. 

Quaterna.-y aUuvium {Recent and late Pleistocene): Unconwlldo/ed ..,,d, /lrovel, 
1ill, and clay In 1treom bed• ond flood plain• of mo}or 11ream1: IP'<Iin 1ite 
generally lncre....,, with depth; modliH'Dtely hf/lh (Ou>tdolion •lrett.tth; 
ground-water potential moderole; lilly clay lo.om will; hozards Include 
•treom-banlr ero1ion, pondin/l, h l/lh ground water, flooding, ond sillotio>t. 

Quaternary fluvial ten-ace deposits (Pleistocene): Uncon•olidoled to fem/­
con•olidoted nat-lying alluuU./ d�po1il6 of 1and, gro�>e/, end sill ouerlookitt.t 
Prt"senl-dcy flood pla ins; g...,;, 1i<1 ge>te1'1111y lncreo.e• with depth; moderate to 
hilh foundation stren!llh; low to moderate ground-water potenllcl; hazardl 
include •l,...om-bonk erosion, loco/ pondin/l, end occ..,lonol •!ream floodin!l in 
pltres.. 

Quaternuy lower marine terrace deposiu (Iaten Plel5tocene): Thin, poorly 
con•olidated M>nd, •ill, and clay 0 to ,10 (U! In elevalion; cquiualll!n/ to 
Wh i•lrey Run terrace of Grin• (1 945}; sandy loom, •illy /Qom, and •illy clay 
loam so/11; poo,fy droined with exten•iue pondln!l ond flooding. 

Quaternary middle marine ten-ace deposits (late Plelttoeene): Thin (5 to 40 feel/ 
seml-cmrsolidat�d •and, •ill, and ll•a�el 40 to 200 feel In eleV<tllon; equivalent 
to the Pioneer terroce of Grf!lr• (1945/: beoclr rld/ls lopo/lraph)l and •tream 
d;.,ec/ion in places; •andy loam •nil with /mpem•ca/J/e Iron pan at o!tallow 
depth• /ocolly; lrazordo include poor droltta/le, loc11l pottdl>tr, and coastal 
retreat. 

Quaternary upper marine ten-ace deposits (middle Pleistocene): Thlclr, m�JS&Iue 
s<>nd, sill. and basal '""vel cl elevations of 1 0 0  to 900 feet: p�>s!lil>ly equiv11lent 
lo the Seuett Ve�ils terrace of Gritll� ( /946); •illy clay loam �oil•: dU.•<!cled by 
deep rovines. 

Quaternary higher marine terrace deposits (early Pleistoc�ne?): Thi<:lr semi­
consolidated sand and oil/ with ba&<�l !lrave/o; elevation 250 !O 1,000 feel; 
equivalent to higher terrace• of Gri/lr• ( 1945); oondy loam fOils; renera/ly cap 
ridgu as !5o/a ted deposit.; wry deeply di5•ected near Port Orford. 

Bedrock Geologic Units 

Sedimentary Rocks of Late Tertiary Ace 
Empire Formation {ea:rly Pliocene), Port Orford t'onnatlon (mlddle to late 

Pliocene), and Miocene sedimentary rock (Tmp): Moderolely hard 1and1tone 
and con!llomerote in steep ua clifft ond ualley wall• neo� Cope Blunco; 
Impermeable to permeable locally; huzardt Include cou•tal retreat ond •lope 
ero•lon. 

Sedimentary Rock� of Early Ter-tiary A�e 
Flournoy Formation (TefJ. Looklnggla£11 �'onnatlon (Tel�). Roseburll Formation 

(Ter), and undifferentiated Eocene rockl at Cape Blan<:o (Teu) (all early to 
middle Eo<:ene): Rhythmically bedded hard lHind•tone ond minor tilhlone; 
high foundation &lrenglh; impermeable but w/lh local inf/ilrolion olong fault&, 
joint• ond beddin!l plonu; low zround·wa!er potential; &undy loam und &i/ty 
loam wi/1 of I!Qr/ab/4! thi<:lrneu;; haz11rd1 include erolion, earth (low. and debris 
•llde•. 

Sedimentary Rocks of Late Cretaceout Ace 
Hunter Cove �'ormation (Kuh), and Cape Sebastian Sandstone {Kuc): Modero/ely 

hard rumdslone and shale; hirhly •heortd lOUth of Cape Seba&lian; mod<l'ralely 
high to low foundation str.,ngllr and P«rme<Jbllily a� ,. fomcllt>n of shea,ln!l; 
&illy clay lqam and silly loam soib; lta.zards Include eartltflow, &lope erosion, 
and coa•tal retreat. 

Sedimentary Rocks of Early Cretaceow Aft:e 
Roakl' Point Formation (Kr), Humbug Mountain Conclomerate (Kh), and Myrtle 

Group undifferentiated (KJm): H�rd rhythmically bedded •a,ddone ond 
sill•tone with hard con!llomerate in place•; compr/5e par/ of a "'llional thrust 
sheet; uery high to high foundation •lreng/11; "ery low permeabillly and 
rround-water po/ential; •illy loam and !lrave/ly tO<Jm 10111 of hi/lltiY varl<lb/e 
1/t iclrneu;; hozards include dope erosion, debrl• d/de a>td debrl• (low. 

Sedimentary and Volcanic Rocl<o of Jur:uslc Ace 
Otter Point Formation (Lat.e Jurassic): Heterogeneou• tJIHmblaife of sand1tone, 

morine b<LIC/f, me/amorphi<: b/oclu, <:Otl/llomero/e, ond minor chert; retiorwlly 
•heared In the north and olonf linear •hear zone• along the coast; hf!lh/y 
V<trioble foundation •t,...n/lth and permea!>illly; Ill/nerally low 11round-water 
potential; 1011 type1, thiclrne ... e•. and p-rope.rlie1 hlrltly ll(lrioble; ext.,n•lue 
ear/hf/ow1 con&itu le mQ.ior hozord. 

Dothan Fonnation (Late JW"assic): Hard 10ndstone ond moderolely hard Iii/done 
with minor peens/one ond chert eJpeclolly o/ong the co.oll: hl/lh foundol /on 
•tretl/lth; low permeability and !lrouJtd.waler polettliol; silty <:loy loam to 
/lravelly loam soil• of oorioble thiclrne.,; hazord• include •lope ero1/0n ond loco/ 
"""'' movement, 

Galic� Formation (early Late Jura.sslc): Hard doty •hale wllh minor MJnd•lone, 
greeMtone. and chert; un1heared but comprUu par! of a regional lhru&l lllee/; 
moderole fou>tdation f/rength; low permrobl/1/y and /lt'Ound-wat"' potential; 
filly cloy loam •oil•: maJor hazard• are •lope. ero•ion and local mau; movement_ 

l&neoUII and Metamorphic Rocko uf V&riouo ACU 
Mount £mily Dacite {Oligocene): Morml £m/ly pluton a"d related dike• 

distributed aiOn/l zone• of 1/ruc/u,a/ w�al<ne11; hi/lh fowrda!ion •tretti/h; low 
permeat>ilit� and groul!d-water polen/lal; pouibllily of perched water tables 
locally; sandy loam al!d /lrovelly loam 101/o o( hi/lhly V<trioble thicl<neu; hazards 
Include 'ocllfall. debrl• slide, and slope �ro•ion. 

Colebrooke Schist (Late Jurassic orlgin, Cretaceou� or la�cr cntplacement): Micu 
phyllite and schist deriued from shoiR and JJ<JtU/8/nne: o/RO Include• marine /oua, 
tuff, and chert; comprit<es a re!lll»>OI ll•ru•l $heel; moderate permeobility 
""d 1rou>td-water potetttial: cloy loom aoi/o of V<trio/Jie thlckneu; m<Uur hazards 
ittclude 6/ope erosion and me" move men 1 locally. 

Pearse Peak Diorite (Late Jurassic ): Me<llum· to f/l!e.jolnted quortz dio,l/e; forms 
part of a regional thru•t sheet; low permeability, but po11/bility of perched 
water /able locally; silly loam, oandy loam, and !lravelly loam aoils of highly 
ll<triable thick>tea; major hozard• are dope e-ro•lon, debri1 a/ide1, and debrU 
(low, 

Serp�nUne and peridotite {Late JW"asslc): Primarily tectonic •h.,et• within the 
Otter Point Formation ond "' soles to ouerridin/l thru&! aheel1, but ol1o present 
along veri/cal faults; lime of {ina/ emplace men/• ooritJb/e; VI!'}' low to moderate 
foundotion stren/lth os o function of •hearlnr and weather/nil: very low 
permeobility; perched water la!>/ea locally on flal /erra in; thin clay, cloy lo.om, 
and rubbly soils, gene1'1111y taterilic; major hazord I• mau movement ;n shear 
zone•. 

Geologic Symbols 

Contacts 

Definite contact 

Approximate contact 

Coneea!ed contact 

Faults 

Definite fault (0, downthrown 

side; U, upthrown side) 

Approximate fault 

Uncertain fault 

Concealed fault 

Thrust fault 

Fault zone? Shear zone?? 

Rock quarry 

I 
--+--

F'olds 

Definite anticline 

Definite syncline 

Approximate anticline 

_ __L_ 
f Approximate syncline 

Bedding 

Strike and dip of beds 

Strike and dip of vertical beds 

Strike and dip of overturned beds 

Foliations 

Strike and dip of foliation 

Strike and dip of vertical foliation 

Gravel pit 
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EXPLANATION 

(Bound.a.ries are approximate• statements are generali sit� eva.luation.s require 
on..sit.e examination) 

Average (Regional) Slope 
Interpreted from maps with scale 1 : 62,500 

()..J5% slopes locally; landforms include beaches, flood plains, fluvial 
and marine terraces; surficial geologic units; hazards include flooding, 
ponding, high grormd water, poor drainage, and compressible soils; 
land-use potential excellent in areas of m inimal hazard. 

()..50% slopes locally; landforms include dunes, dissected marine 
lerraces, and genlle uplands, especially ridge crests; hazards include 
negligible to moderate erosion and deposition by stream. wind, or wave; 
land-use potent ial good in regions of minimal or controllable hazards. 

0-50% slopes locally; landforms include dissected parts of older marine 
terraces and moderately sloping uplands, especially sheared areas 
undergoing mass mouemen I; other hazards include moderate to rapid 
erosion and deposition; land-use potential variable and generally 
restricted to low density residential use, forestry, and open space. 

Greater than 50% slopes locally; landforms include uplands o( relatively 
hard and unsheared bedrock; hazards include moderate lo rapid 
erosion, local earth flow, slump, debris slide, and debris flow; land' use 
potential generally limited to very sparse development and well· 
managed forestry. 

50% to vertical locally; landforms include interior uplands of unshoored 
very hard bedrock and sea cliffs; hazards include extreme erosion, rapid 
earthflow, debrL� slide, debris (low, and rockfall; land use restricted to 
very rue/1-manaKed forestry and oven soace. 

Flooding 

Intermediate Regional (100-year) Flood: Extent of flood (determined 
by the U. S. Soil Conservation Service) having a 1% probability of 
occurrence in any given year. 

Flood-prone Areas: Areas that are known to have experienced flooding 
on the basis of field observations and interviews (composite maximum 
historical flood) and areas of inferred Oood potential based on 
landform, vegetation, and soils (without benefit or direct flooding 
observations); approximately equivalent to the Intermediate Regional 
Flood. 

Potential Ocean Flooding: (no symbol on maps owing to limitations of 
scale) Beaches, marshes, interdunes, and other low-lying coastal areas 
are subje<:t to tidal flooding, storm surge, and tsunami inundation; 
highest possible tides are about 6 feet above mean sea level; storm 
surges may add 4 feet to this, exclusive of wave action; t..�unamis with 
heights or 15 feet and runups or 20 to 25 feet are possible; major 
impacts on open coast. 

Erosion and Deposition 

Headland and Sea Cliff Erosion: Removal of headlands and sea cliffs by 
waves; generally slow in hard bedrock, but may approach a few inches 
annually in softer bedrock near Cape Blanco and on exposed marine 
terrace deposits; associated mass movement effe<:ts large areas; slides 
may produce large, sporadic coastal retreat locally; generally no viable 
means of prote<:tion; impact minimized by adequate setback and proper 
design. 

Potential Beach Erosion and Deposition: Areas in which jetty 
construction or modification, beach excavations, channel dredging, 
spoil disposal, and other artificial changes may initiate beach erosion or 
deposition; extent of impact varies with size of proje<:t; beach areas 
gene.rally in equilibrium with headlands except for seasonal and longer 
term cyclic fluctuations. 

Critical Stream-bank Erosion: Undercutting and caving of river and 
stream-bank material by stream action; restricted primarily to flood 
plains and terraces; characterized by location on outer river bends, bar 
growth on inner bank, and relatively deep water nearshore; passes 
upstream into actively eroding stream channels; treatment may include 
riprap, channel modification, and land-use restrictions, depending upon 
local hydraulics, desired land use, and erosion rates. 

Regional Wind Erosion: Windward sides of unvegetated dune com­
plexes, foredunes and beaches; promoted by overgrazing, fire, and 
artificial devegetatlon; hazard minimized by proper conservation 
practices. 

Wind Deposition: Sand deposition by wind on the leeward side of 
active dunes and around artificial structures in active wind erosion 
areas; prevented by stabilizing source area, proper location of 
structures, and proper planning. 

Slope Erosion: Loss of soil material by moving water on slopes; favored 
by removal of vegetation, ground disturbance, sandy soil textures, lack 
of consolidation, slope gradient (see above), and slope length; removes 
valuable top soil and causes deposition downslope; may silt streams or 
adversely impact developments; wide variety of engineering and 
land-management te<:hniques for control. 

Mass Movement 

Earth now and Slump Topography: (areas less than 20 acres not shown) 
Moderately sloping terrain with irregularities of slope, drainage, or soil 
distribution; recent movement shown by tension cracks, bowed trees 
and others; most extensive in sheared bedrock areas; greatest activity 
where coastal retreat, stream-bank erosion, or steep-gradient streams 
remove material from the toe; hazards associated with inactive areas 
include variable foundation strength, caving in excavations, poor 
drainage, and others; development possible locally, but general.ly may 
reactivate or accelerate sliding; may also initiate sliding in previously 
stable areas. 

Steep Slope Mass Movement: Areas subje<:t to localized debris slide, 
debris now, rockfall, or rock slide; spe<:ific locations a function of rock 
type and structure, soil properties and thickness, cover, root support, 
and others; common on steeply sloping very hard bedrock; mitigation 
may include structural solutions, drainage control, and appropriate land 
use and forest-management practices . 

The preparation of thl:s map wos financed In pan 
through a proJect development grant under the 
Coastol Zone Management Act of 1972 administered 
by tho OfHce of Coastal Zone Management; local 
edminfstratlon bv tho Lond Con,ervatlon and 
Development Commtuion. 

Research for this map sponsored In part bv the U. S. Geologlcel Survey, 
Oepanmont of tho Interior. under USGS Grant No. 14�08-0001-G-135 
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EXPLANATION 
(All statements are general; 

site evaluations require on·site examination) 

Surficial Geologic Units 

beach sand (Recent): Fine· to medium·8Mined unconsolidated oond: 8enerolly 
thin: """>' high P<'Tmf'ab/1/ty; 1101 appropriote for dewlopment: include• noi"'"OW 
berm and foredune df'pooito; hozordo includf' oceon nooding. wow eroolo11, ond 
woue depooition . 

unstable dune sand {Recent): Uncon�olido/ed fine· to medium·groined """d of 
duno:u no/ protected by !Jf'getation; generolly lliin except oouth <:>f Plot<:>/ Rluer; 
hl11/1 permeability with m<:>df'll rround·Woter potentia/ locally; hazard• indudf' 
wind er<:>si<:>n and deposition, <:>cea" n<:><:>di.,g In ploc<'s, ond p<:>os/!>1� pru•mc� <:>{ 
c<:>mp•'f?•si!>le soils at depOt. 

stable dune sand (Recent): Uncon•olldated fine. /<:> medlum.gra/ned dune •end 
protected from w ind by V�6�tat/on: ��""""rally thin: hazards Include <:>c�an 
noodinl( ond pou;ibl<' preo�nce of compreui!>le •oils a/ d�p/h; omit doe• not 
Include •/able sond over/yinl( marine terrace dep<:>�il�-

marsh deposits (Recent): Uncono<:>Udated <:>rganlc·rich lilt, clay, and sand in 
eotuarine and low./ying ft'e•h-watf'r wetland are.,.; obundo11/ ueretoli<:>n: 
hazordo Include p<:>ndillg, high wa/lr table, very l<:>w foundati<:>n Mt'ength, and 
otream no<:>dinr: peaty depo•it• may underlie <:>thf'ralluuinl and •and unito. 

Qualernary alluvium (Recent and late Ple\Sl<:>cene): Uncon�<:>/ldalf'd -and, rrav�l. 
•ill, and clay in streom bedo and no<:>d plain• of mojor •treamo: 6rain •ize 
generolly lncl'f?osel with df'plh; m<:>d<�rolely high foundati<:>n olrength: 
ground-watu p<;>Untia/ moderot�: 1illy clay loom •<>ils; hozard• Include 
1/ream-bank erosion, p<:>nd/nfl. high ground water, no<>ding, anll •iiiMI<:>rl, 

Quaternary rluvial terrace deposito (Plelst<:>cene): UnCOII$OIIda/e<l t<:> •em/. 
co•11<:>lidated flal·lyinll al/uuial depOIIII <:>{ Mnd, grauf'i, Mid •Ill <:>uer/o<:>h/niJ 
preoent.day n<:>od plains; grain .O/Ze IJI!IIcral/y incl'f?aSU with depth; m<:>dera/c /0 
hil(h foundati<:>n &trf'ngth; low to m<:>derate ground.wal<'r p<:>/er>l/a/; hazar.U 
Include •tream·bank erc>Bion, loco/ pandinl(. ond occ.uional olr""m n<:>od/"1{ in 
place., 

Quaternary l<:>wer marine terrace dep<:>!rits (latest Pleistocene): Thin, poorly 
con•olidoted sond, silt. and clay 0 to 40 fl!:el in e/e110ti0n; equ/""l�nl /<:> 
\Vh iokl!:y Run terrace of Griflll• (1945}; 1a11dy /<:>am, •illy /<>am, and •Illy clay 
loam IlOilo; poorly drainf'd with 1!:.1</en•llle pond/ng and nood/ng. 

Quaternary middle marine terrace dep<:>slts (late Pleistocene): Thin (5 to 40 fe<'l) 
•eml·c<:>n•olidal<'d sand, oil/, and grovel 40 /<:> 200 fe<'l in elf'LI<lliOn; <'QUIII<IIent 
to the Pi<:>n""r terrace of Grilf.fl• (1945}: bf'ach ridge t<:>p<:>graphy and 1/ream 
diuec/i<:>n in places; sandy loom 10i1 witk impermeable iron pan a/ •hallow 
d�p/1,. l<:>cally; hazard• include poor dminage, local pandlll8, and coostol 
retreo/ . 

Quaternuy upper marine terrace dcp<:>aits (middle Pleist<:>cene): '/'hick mas•i�e 
•and, oil/, and basa/ gro�el al f'lf'�all<:>nl <:>f 1 0 0  /<:> 900 f�et: poulbly eQulualent 
to the Sev11n Devils terruct of Grill• ( 1945): silly clay loam soil�; dlu4!c/ed by 
deep rouine•. 

Quaternary higher marin� terrace dep<:>sit.5 (early Pleist<>Cene?): Thick umi· 
cono<;>l/doted 1ond and lilt with biUGI l(rouels: elevation 250 /<:> 1,000 feel: 
eQu/ua/ent to higher lf'rTOceo of Grit111 ( 194:>); sandy /<:>am •oils; generally cop 
ridges o1 �olalf'd depo•il•: cf'ry deeply d�uc/ed near P<:>rt Orf<:>rd. 

Bedrock Geologic Units 

Se-dimentary R<:>cks of Late Tertiary A&e 
Empire F<:>rmati<:>n (early Pliocene), P<>rt Or(<:>rd fo'<:>rm:o.tlon {middle t<:> hote 

P/l<:>�ene), and Mi<:>Cene sedimentary mck (Tmp): M<:>d�rately hord oandMone 
and c<:>nglomcrate i11 si��P sca dlff• and uolley wolls near Cape IJ/anc<:>; 
impermeo!>le /<:> pcrmcoble l<>cal/:y: hazarc/a include c<:>a.tal retreat and 1/<:>pe 
llrQS/011. 

Sedimentary Rocks <:>f Early Tertiary Age 
Flourn<:>y F<:>rmati<:>n {Tef), Lo<:>kinulas.s Formati<:>n (Tela;). R<:>sebur& FormaLi<:>n 

(Ter). and undifferentiated E<:>cene rocks at Cape Blanc<:> {Teu) (all early to 
middle E<:>cene): Rkytkmically !>f'ddf'd hard 10ndst<:>nf' ond mln<:>r olll•tone: 
hltth foundoti<:>n strength; lmpermeob/e but with /<:>col inflitroti<:>n a/On6 fau/11, 
/<:>In/$ and bedding p/aneo: l<:>w I(T<:>und·water p<:>tenlial; 10ndy /<:>am and •illy 
loam 1<:>ilo of 110rioblf' thickne.,: harordo include er<:>li<:>n, earth flow, and de!>r� 
.tid� •. 

Sedimentary R<>ck.o <:>f Late Cretace<:>us Aa;e 
Hunter Cove �·ormati<:>n {Kuh), and CalX' Sebastian Sandst<:>ne (Kuc): M<:>derolely 

hard uond.tone and shale; hl6hly oheored •<>ulh of Cape Sebo11/on; m<:>d�ra/e/y 
hll(h to l<:>w {oundati<:>n str<mgth and p'lrmcability as c fu.,ction of ohear/ng: 
•illy clay lqam and silty loom s<:>/1•: hazardo include earll>n<>w, 1/ope eroai<:>n, 
and c<:>oslo/ retreat. 

Sediment.ary Rt>ckl of Early Cretaceou' An 
Rocky P<:>int �·ormati<:>n (K:r), Humbug Mountain C<:>ng/omerate (Kh).and Myrtle 

Gr<:>up undifferentiated (KJm): tlord rkythmically !>edded 110nd•tmw ond 
•lll•l<:>ne witk hard conrl<:>merate in ploceo; c<:>mprise part of o r<'lli<:>nol /hru•t 
oheet; very high /<:> hlrh four>dal/on 1/rength; very l<:>w permeobility ond 
ground·water patential: lillY loam and grouelly /<:>am �<:>i/o <>f highly II(Uic>ble 
thlcltneu;; ha�ord• include o/ope erool<:>n. debrl111ide and debr� n<:>w. 

Sedimenta.-y and Vo lcanic R<:>cks of Jurasalc A&e 
Otier P<:>int Formati<:>n {Late Jurasaic): Heter<:>genf'QUS asumblo6<' <:>f 1011d1t<:>ne, 

morlne bo10/l, metamorphic bloch, cOnl(lomf'role. and minor chert; re•lonol/y 
oheored in the n<:>rlh ond atonl( 1/n""r 1heor �one• al<>�>6 the c<:>a•t: h/lhly 
liar/able founda/i<:>n strength and permeoblllty: gf'nerolly /<:>w ground·wat�• 
potential: 1<:>il types, /hickne.,eo, and properties hiRhll' variable: exl<'nsiV<I 
earthfi<>W• c<:>nsi/u/� mojor hatard . 

Dothan FormMi<:>n (Late Jur�sslc): f/nrrl sa11d•lone a11d moderately ltard sil/sto"" 
with min<:>r greenst<:>ne and chert e•pcclolly al<:>ng the coo�/; /1igh f<:>undollon 
•tr<�ngth: l<:>w p�rmeabi/1/y and ground·woter po/l!:nlial: ailly cia)' loam /<:> 
grouelly /<:>om �<:>/Is <>f uariabl<' lhlcknf'o•: hazard• includf' s/<:>pe f'm•i<>n and /<:>col 
maso m<:>vemen/. 

GaUce �'<:>nnati<:>n (early Late Jurassic): /lard slaty shale with mln<:>r 10ndot<:>ne. 
greenl/<:>ne, and chert: UIISheared bul c<:>mpri.oe• port <:>fa reg/one/ /hruol •heet: 
moderate {<:>undati<:>n olrength; low permeability ond llround.water p<:>lenlial; 
o/1/y clay loam •oil�; moj<:>r hozordo ore o/<:>pe eroo/on and /<:>cal mo., movement. 

la;ne<:>lll IUid Metam<:>rphic Rock.o of Vukua A&u 
M<:>unt Emily Dacite (Oiig<:>cene): Mount Emily p/ut<:>n and reloted dike• 

d l1trlbuled along z<:>ne• of o/ructura/ weoltneu: high foundation oll'f?nl(lh: low 
P<'rmeo!>ilily and l(mund·water potential; p<:>.,ibilily of perched woter table• 
locolly: sandy loam and '"""�//}' loom o<:>l/s of highly variable /h/ckne.,: hazard• 
Include rockfall, de!>r/s slide, and slope er<:>�l<:>n. 

C<:>lebro<:>ke Schist (l..ate Jurassic origin. Cntaccous <:>r later emplacement): Mica 
phyllite and �ehi&l df'dwd fr<:>m shale ond lf<lndslon<': o/s<:> include. marine /aua, 
tuff. ond chert; comprise• a reglimal thrw;t shf'f'l; mOdf'rote permeoblllty 
ond ground·wa/er potential; cloy loom o<:>l/1 of varinb/e thickne.,: mojor hozar.U 
inc/uc/1!: slope erosion and m.,.. movement locally. 

Peuse Peak Diorite (l...,te Jura,..lc): Medium· to fine·iolnted quart� dl<:>rite; f<:>rnu 
port of c regi<:>nol /hrult oheet: low permmbility, but paos/bi/1/y of perched 
woter table l<:>colly: 1illy /<:>am, oondy loam, ond ilrauelly /<:>am ooi/1 of hifhly 

�riab/e thickness; mo}<:>r hc�ordo at'e llOp<l erooion, debrio dldeo, and debrio 
n<:>w. 

Serpentine and perid<:>tite (!..ate Juraulc): Primarily tect<:>nlc shuto wilkin the 
01/<'r Point F<:>rmalion and ao •ol�• to ouerr/din6 thrus/ sheet•. but also preoent 
along uerlico/ faults: tim<' <>f final emploc�mf'nls variable; ""ry low to moderate 
f<>•mdall<:>n strength a• a fuucllon of sheoring ond weo/h�riug: very l<:>w 
permeo!>i/i/y ; perched walf'r tables l<:>colly on nat terrain; thin CIO}J, Cloy loam, 
ond rub!>ly •oils, g<!ncrolly /o/erilic; mojor hazard I• mau mouemenl /" sheor 
z<:>ne•. 

Geologic Symbols 

Contacts 

Definite contact 

Approximate contact 

Concealed contact 

Faults 

Definite faull (D, downthrown 

side; U, upthrown side) 

Folds 

Definite anticline 
' 
t Definite syncline 

-+- Approximate anticline 
' -T- Approximate syncline 

Bedding 

Strike and dip of beds 

1 5 0 - 1 6 0  

--- Approximate fault 

-··?·-- Uncertain faull 

Strike and dip or vertical beds 

Strike and dip or overturned beds 

• 

• . . 
• • •  

• 

Concealed fault 

1'hrusl fault 

2';:: :::= F'ault zone? Shear zone?? 

Rock quarry 

Foliations 

Strike and dip of foliation 

Strike and dip of vertical foliation 

Gravel pit 
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EXPLANATION 

(Boundaries are apprm<imate; statements are g:ene.ral; oite evaluatioll!l u•quire 
on .. lte examination) 

Average ( Regional) Slope 
Interpreted from maps with scale 1 :62,500 

0-15% slopes locally; landforms include beaches, flood plains, fluvial 
and marine terraces; surficial geologic units; hazards include flooding, 

ponding, high ground water, poor drainage, and compressible soils; 
land-use potential excellent in areas of minimal hazard. 

0-50% slopes locally; landforms include dunes, dissected marine 
terraces, and gentle uplands, especially ridge crests; hazards include 
negligible to moderate erosion and deposition by stream, wind, or wave; 
land-use potential good in regions of minimal or controllable hazards. 

0-50% slopes locally; landforms include dissected parts of older marine 
15·30% terraces and moderately sloping uplands, especially sheared areas 

undergoing mass movement; other hazards include moderate to rapid 
erosion and deposition; land-use potential variable and generally 
restricted to low density residential use, forestry, and open space. 

Greater than 50% slopes locally; landforms include uplands of relatively 
·30·50%1 hard and unsheared bedrock; hazards include moderate to rapid 

erosion, local earthflow, slump, debris slide, and debris flow; land use 
potential generally limited to very sparse development and well· 
managed forestry. 

I f 

D 

? • • •  . . 
. . .. .  � 

' . .. . .  ' . . . . . " . 

D 

50% to vertical locally; landforms include interior uplands of unsheared 
very hard bedrock and sea cliffs; hazards include extreme erosion, rapid 
earthflow, debris slide, debris flow, and rockfall; land use restricted to 
very well-manaJ[ed {orestrv and oven snace. 

Flooding 

Intennediate Regional (100-year) Flood: Extent of flood (determined 
by the U. S. Soil Conservation Service) having a 1% probability of 
occurrence in any given year. 

Flood-prone Areas: Areas that are known to have experienced flooding 
on the basis of field observations and interviews (composite maximum 
historical flood) and areas of inferred flood potefttial based on 
landform, vegetation, and soils (without benefit of direct flooding 
observations); -approximately equivalent to the Intermediate Regional 
Flood. 

Potential Ocean Flooding: (no symbol on maps owing to limitations of 
scale) Beaches, marshes, interdunes, and other low-lying coastal areas 
are subject to tidal flooding, storm surge, and tsunami inundation; 
highest possible tides are about 6 feet above mean sea level; storm 
surges may add 4 feet to this, exclusive of wave action; tsunamis with 
heights of 15 feet and runups of 20 to 25 feet are possible; major 
impacts on open coast. 

Erosion and Deposition 

Headland and Sea Cliff Erosion: Removal of headlands and sea cliffs by 
waves; generally slow in hard bedrock, but may approach a few inches 
annually in softer bedrock near Cape Blanco and on exposed marine 
terrace deposits; associated mass movement effects large areas; slides 
may produce large, sporadic coastal retreat locally; generally no viable 
means of protection; impact minimized by adequate setback and proper 
design. 

Potential Beach Erosion and Deposition: Areas in which jetty 
construction or modification, beach excavations, channel dredging, 
sPoil disposal, and other artificial changes may initiat,f! beach erosion or 
deposition; extent of impact varies with size of project; beach areas 
generally in equilibrium with headlands except for seasonal and longer 
term cyclic fluctuations. 

Critical Stream-bank Erosion: Undercutting and caving of river and 
stream-bank material by stream action; restricted primarily to flood 
plains and terraces; characterized by location on outer river bends, bar 
growth on inner bank, and relatively deep water nearshore; passes 
upstream into actively eroding stream channels; treatment may include 
riprap, channel modification, and land-use restrictions, depending upon 
local hydraulics, desired land use, and erosion rates. 

Regional Wind Erosion: Windward sides of unvegetated dune com· 
plexes, foredunes and beaches; promoted by overgrazing, fire, and 
artificial devegetation; hazard minimized by proper conservation 
practices. 

Wind Deposition: Sand deposition by wind on the leeward side of 
active dunes and around artificial structures in active wind erosion 
areas; prevented by stabilizing source area, proper location of 
structures, and proper planning. 

Slope Erosion: Los; of soil material by moving water on slopes; favored 
by removal of vegetation, ground disturbance, sandy soil textures, lack 
of consolidation, slope gradient (see above), and slope length; removes 
valuable top soil and causes deposition downslope; may silt streams or 
adversely impact developments; wide variety of engineering and 
land-management techniques for control. 

Mass Movement 

Earthflow and Slump Topography: (areas less than 20 acres not shown) 
Moderately sloping terrain with irregularities of slope, drainage, or soil 
distribution; recent movement shown by tension cracks, bowed trees 
and others; most extensive in sheared bedrock areas; greatest activity 
where coastal retreat, stream-bank erosion, or steep-gradient streams 
remove material from the toe; hazards associated with inactive areas 
include variable foundation strength, caving in excavations, poor 
drainage, and others; development possible locally, but generally may 
reactivate or accelerate sliding; may also initiate sliding in previously 
stable areas. 

Steep Slope Mass Movement: Areas subject to localized debris slide, 
debris flow, rockfall, or rock slide; specific locations a function of rock 
type and structure, soil properties and thickness, cover, root support, 
and others; common on steeply sloping very hard bedrock; mitigation 
may include structural solutions, drainage control, and appropriate land 
use and forest-management practices. 

The preparation of this map was financed In part 
through a project de�elopment grant under the 
Coastl!l Zone Management Act of 1972 administered 
by the Office of Coastal Zone Management; local 
administration by the Land Conservation end 
Development Commission. 

Research for thli map sponsored In part by the U. S. Geological Survey, 
Department of the Interior. under USGS Grant No. 14-08-0001·G·135 
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EXPLANATION 
(All statements are general; 

site evaluations requ ire on-site examination) 

Surficial Geologic Units 

beach sand (Recent): Fine· lo medium·rralned unconsolidated oand; renerolly 
thirt; uery hirh permeability; no/ appropriate for deuelopment; include• narrow 
berm and foredune depooits; ha.lard• include ocean floodinr, waue ero•ion. and 
waufl df!posi/ion. 

unstable dune sand (Recent): Unconoo/idated fine- lo medlum-rro/ned land of 
dunes not pmlecled by uege/atio11; generally IIi in exc�pt •outh of Pistol River; 
hi/lh pflrmeabilily with mode./ grou.,d-watcr potential locally; ha�ords include 
wind e•o•ion and deposition, ocean floodlnll ln places. and possible pre•ence of 
compressible soils a/ depth. 

stable dune sand {Recent): Unconsolidated fine· to medlum·rroi.,ed du"e sand 
prolectfld from wind by uegetalion; renerolly thin; hozards include oceon 
(loodinr and po..,ible pre.ence or compre .. ible ooll• a/ depth; unit dofl• not 
include •table sand ouerlyin11 ma�lne t<!rr"oc� rleposi/s. 

marsh deposits (Recent): Unconsolidated orronlc·rlch oil/, cloy. and oond In 
eduorinfl and /ow-lying fresh-water wetland area.o; at>undonl ufltfllo/ion: 
ha.lards include ponding, high woter table. uery low foundation strenrth. and 
•tream flooding; pf!a/y depo•ll• moy lmder/ie other alluuial and oand units. 

Quaternary aUuvium (Recent and late Pleistocene): Uncon.olidated sond. rrovel. 
silt, and clay in stream bedo and flood p/alno of major .treamo; rrcin oi.le 
11enf!rolly illc...,a.oeo with depth; modemlf!ly hil/h foundation o/ret'lllh; 
lli"Otmd-woter potentill/ modera/e; oilty ciiiY loom .oi/1: ha.tardo include 
ot .... am-bank erooion, pondinr. hillh lli"Ound water. flooding, and oil to/ion. 

Quaternary fluvial terrace deposits (Pleistocene): Unconoo/ld4/ed to oemi· 
co ... o/idated flat-!yin/l al/uuial df!podtl of •and. /li"Ouel. and oil/ ouer/ookin/l 
preunt·doy nood plains; rrain oiu gen<1rolly increaH• with depth; moderat" fo 
high foundation s/ren/l/h; low to moderc/e ground·WIIIer potential; ha�ardo 
include otream·bank erosion. local PQndln11. and occas/ona/ 1/ream flooding in 
place !I. 

Quetel"l\IUY lower madne terrace deposiu (late•t Pleistocene): Thin, poorly 
consolidalf!d ..and. sill. and clay 0 to 40 fee/ in eleua//on: equillfllent to 
Whiskey Run terrae" of Grilr• (1945}; •andy loam. oll/)1 loam, and oilly clay 
loam soil•; poorly drained with e..-tenolue pondin/l ond floodln/l. 

Quaternary middle marine tenace deposits (late Pleistocene): Thin (S to 40 feet) 
temi-consolidated sand, silt, and 11rave/ 40 to 200 feel In e/fluation; equiualent 
to the Pioneer lflrmce of Grlsl11• (1945}; beach rldre toporrop/ly and stream 
dis>lection in place•; sondy loom oo/1 w/t/1 im1>enneable iron pon a/ •hallow 
depths locally; ha.lards include poor dmlnn/le, local prmdinJt, and coastal 
retreat. 

Quaternary upper marine terrace deposiu (middle Pleistocene): '/'hick, massiue 
sand. silt, and basal gravel at eleva lion� of 100 to 900 feet; p086ibly equivalent 
to the Seuen Devils terrace of Gril/go (1945): 8illy clay loon1 101/t." dis•ecled by 
deep m�ines. 

Quaternary higher marine terrace deposits (early PJ�istocene?): Thick •emi· 
con•olidated sand and sill with ba.110/ rrouell," eleuation 250 to I.OQQ fflet; 
equiualent to ltighflr terrace• of Grilli• ( 1945); .��andy loam •oil•: g01neral/y cap 
rWres as isoleted depo•il•; uery deeply di.uected neor Port Orford. 

Bedrock Geologic Units 

Sedimentary Rocks of Late Tertiary Aae 
Empire 1-'onnation (early Pliocene). Port Orford }o"ormation (middle to late 

Pliocene), and Miocene sedimentary rock (Tmp): Moderately hard •andslone 
and conglomerote in •leep ua cliff• and valley wall• near Cape Blant=o; 
impf!rmeal>le to permeable locally; hazard• include coo•tal retreat and dope 
ero•ion. 

Sedimentary Roclls of E!Uiy Tertiary A.ce 
f1ournoy Formation (Tef), Lookinulass Formation (Tell). Roseburg Formation 

(Ter), and undllferentiated Eocene rock.<J at Cape Blanco (Teu) (all early to 
middle Eocene): Rhythmically bedded hard .o<�nd•tone ond minor oilts/t>ne: 
hi/Jit foundation st .... n/lth; lmpermeab/f! but wilh tocal/nflltrotlon along faults. 
joints and beddin/l plane�; /ow ground·•ua/er potential; umdy loom and silty 
loam .ol/3 of 11<1riable thickne••: ha.lardo include erooion. eorlhflow, and debris 
•lide•. 

Sedimentary Rocks of Late Cretaceous A&e 
Hunter Cove Formation (Kuh). and Cape SebllStlan Sandstone {Kuc): 111oderotely 

hard sond•tone and shale; highly '"""red 1outh of Cape Sebculian; moderately 
hirh to low foun.U.t/on •trength and permeobllity o• a funcllo" of shearing; 
silly clay lqam and silly loom ooi/s; loazard• Include earth flow. dope erosion. 
arod CO<lBial ref real. 

Sedimentary Rocks of Early Cretaceous AJe 
Rocky Point Formation (!Cr). Humbu11 Mountain Con.;lomerate (Kh). and Myrtle 

Group undifferentiated (KJm): /·lard. rhythmically bedded sa11dstone and 
oillslone with hard conrlomerate in place•: comprlll par/ of u rc!llonal lhru.t 
•heel; �ry h igh to hlllh fou.,dalion •lren11tl1; �I"Y low permeability and 
rround·water pOtential; silty loam ond gra�fllly loam •oils or h ighly uariable 
tlliclrne&S; hazards include slope eroaion. debr/o slide and debr/5 flow. 

Sedimentary and Volcanic Rocks of Jun.odc A.v;e 
Otl.er Point Fonnation (Late Jurassic): He/eroreneouo aoumblare of sand&lone, marine b<>$0ll, metamorphic b/ocko, con11lomerate. ond minor cher/; region.ally 

oheored in the nor/h and along linear •heor zone• olon11 lhfl coa•t: hlfh/y 
11<1riable foundation 6/ren/llh and permeability; reneral/y low rround-waler 
polf!n/ial; soil type•, lhicl�ne.ueo. and proPf!rtieo hi/lilly oorioble; exten•iue 
earthf/owo con•itute major hcuard. 

Dothan Formation (Late Jurassic): Hard sond•lone and modO"rotO"ly hard oiltslone 
with minor ll"'"n•tone and chert e•pflcial/y aiOn/1 the coatf; hil/h foundation 
dren/lth; /ow Pfl>"meabilily and ground-water po/enlial; oilly cloy loam to 
rro�elly loam •oils of ooriable thickneoo; hcuard• lndude slope erooion and local 
mau mouemenl. 

Galice Formation (�arly Lat.e JuntSSic): Hard •laly ohale wllh m inoc ..,nddone, 
rreenstone. and chert; unoheared but compri•e• port of a regional thruM •h.,et; 
modflrole foundation tlrtnl/th; low permeab/11/y and 11round·wa/er potential; 
oi/ly clay loom soi/.o; major hazard• are •lope ero•lon and local mau movement. 

l.v;n�ous and Metamorphic Rocks of Variouo A&U 
Mount Emily Dacite (Oligocene): Mount Emily pluton and related dike• 

distributed along zones of •lruclural weakne60; high foundation o/...,ng/11; low 
p�rmeability and ground-water potflntla/; pou/bi/ily of perched water table• 
locally; sandy loam and grouelly loom ooil• of lti/lhly uariable lhickneu; ha�ard$ 
i11clude rockfall, debris slide, and slope erodon. 

Co\ebmoke Schist (Late Jurassic origin, Cretaccou� or htLer emplacement)' Mica 
phyllite and schist derived from •hale �nd •a,d•tone; a/so Include• mari11e laua, 
tuff, and chert; comprises a regional lhru•l •l1eet; moderate permeability 
and rround-waler potential; cloy loam soils of uar/al>le thlckneu; major hazard• 
include slope erosion and I'IIOBB movemflnt /oca/1�. 

Pearse Peak Diorite (Late Jurassic): Medium· 10 fine-Jointed quartz diorite; forms 
port or a regional thruot sheet; low pf!rmeabillly. but pos•lbillty or perched 
water table locally; &illy loom, rondy loam. and grauelly loam •oil• of hil/hly 
1111riable thickness; major ha.lards are o/ope er<uion, debrl• slldf!o, and debr/6 
flow. 

Serpentine and peridotite (Late Jurassic): Primarily tectonic •heel• within thfl 
01/e� Point Fonnotion and lliiOieo to o�rridlnr thruot oheet•. but 0110 preunt 
along IIBrtica/ fault•; //me of (lna/emplacemen/1 variable; lf<!I"Y low to moderalfl 
foundation stren/llh as a func/lon of oheorinr ond Wl'llllle�lnr: uery /ow 
permeability; pf!rched water Iobin locolly on flo/ term in; thin cloy, clay loom. 
and rubb/y 10111, generolly lalerilic; major ha�ard lo mau mouement in •hear 
zon.,._ 

Geologic Symbols 

Contacts 

Definite contact 

Approximate contact 

Concealed contact 

Faults 

Definite fault (D, downthrown 

side; U, upthrown side) 

Folds 

Definite anticline 
I 
f Definite syncline 

-+- Approximate anticline 
-+- Approximate syncline 

Bedding 

Strike and dip of beds 

150 - 1 6 0  

- - - Approximate fault 

-··?�-- Uncertain fault 

Strike and dip of vertical beds 

Strike and dip of overturned beds 

• • o • o o • •  Concealed fault 

Thrust fault 

=:::::-::;: Fault zone? Shear zone?? 

Rock quarry 

--

X 

Foliations 

Strike and dip of foliation 

Strike and dip of vertical foliation 

Gravel pit 
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5-15% 

EXPLANATION 
(Boundaries are approximate; •tatemento are general; olte evaluations require 
on ... ite examination) 

Average ( Regional) Slope 
Interpreted from maps with scale 1 : 62,500 

0-15% slopes locally; landforms include beaches, (food plains, (/uvial 
and marine terraces; surfic ial geologic units; hazards include flooding, 
ponding, h igh ground water, poor drainage, and compressible soils; 
land-use potential excellent in areas o( m inimal hazard. 

0-50% slopes locally; landforms include dunes, dissected marine 
terraces, and gentle uplands, especially ridge crests: hazards include 
negligible to moderate erosion a11d deposition by stream, wind, or wave; 
land-use potential good in regions o( minimal or controllable llazards. 

0-50% slopes locally; landforms include dissected parts o( older marine 
15-30% terraces and moderately sloping uplands, especially sheared areas 

undergoing mass movement; other hazards iiJC!ude moderate to rapid 
erosion and deposition; land-use potential variable and generally 
restricted to low density residential use, (ores try, and open space. 

t f 

D 

. . . � . . . . .  . � . .  

. . . . . . . .  

D 

Greater than 50% slopes locally; landforms incl!Jde uplands o( relaliuely 
hard and unsheared bedrock; hazards include moderate to rapid 
erosion, local earth(low, slump, debris slide, and debris flow; land' use 
potential generally limited to uery sparse deuelopment and well-
managed forestry. 

50% to uer/ical locally; landforms include interior uplands o( unsheared 
uery Izard bedrock and sea cliffs; hazards include extreme erosion, rapid 
earth(low, debris slide, debris (low, and rockfall; land use restricted to 
very well-manlll!ed (orestrv and onen snacP.. 

Flooding 

Intermediate Regional (100-year) flood: Extent of nood (determined 
by the U. S. Soil Conservation Service) having a 1% probability of 
occurrence in any given year. 

Flood· prone Areas: Areas that are known to have experienced flooding 
on the basis of field observations and interviews (composite maximum 
historical flood) and areas of inferred flood potential based on 
landform, vegetation, and soils (without benefit of direct flooding 
observations); approximately equivalent to the Intermediate Regional 
flood. 

Potential Ocean Flooding: (no symbol on maps owing to limitations of 
scale) Beaches, marshes, interdunes, and other low·lying coastal areas 
are subject to tidal flooding, storm surge, and tsunami inundation; 
highest possible tides are about 6 feet above mean sea level; storm 
surges may add 4 feet to this, exclusive of wave action; tsunamis with 
heights of 15 feet and runups of 20 to 25 feet are possible; major 
impacts on open coast. 

Erosion and Deposition 

Headland and Sea Cliff Erosion: Removal of headlands and sea cliffs by 
waves; generally slow in hard bedrock, but may approach a few inches 
annually in softer bedrock near Cape Blanco and on exposed marine 
terrace deposits; associal.ed mass movement effects large areas; slides 
may produce large, sporadic coastal retreat locally; generally no viable 
means of protection; impact minimized by adequate setback and proper 
design. 

Potential Beach Erosion and Deposition: Areas in which jetty 
construction or modification, beach excavations, channel dredging, 
spoil disposal, and other artificial changes may initiate beach erosion or 
deposition; extent of impact varies with size of project; beach areas 
generally in equilibrium with headlands except for seasonal and longer 
term cyclic fluctuations. 

Critical Stream-bank Erosion: Undercutting and caving of river and 
stream-bank material by stream action; restricted primarily to flood 
plains and terraces; characterized by location on outer river bends, bar 
growth on inner bank, and relatively deep water nearshore; passes 
upstream into actively eroding stream channels; treatment may include 
riprap, channel modification, and land.use restrictions, depending upon 
local hydraulics, desired land use, and erosion rates. 

Regional Wind Erosion: Windward sides of unvegetated dune com. 
plexes, foredunes and beaches; promoted by overgrazing, fire, and 
artificial devegetation; hazard minimized by proper conservation 
practices. 

Wind Deposition: Sand deposition by wind on the leeward side of 
active dunes and around artificial structures in active wind erosion 
areas; prevented by stabilizing source area, proper location of 
structures, and proper planning. 

Slope Erosion: Loss of soil material by moving water on slopes; favored 
by removal of vegetation, ground disturbance, sandy soil textures, lack 
of consolidation, slope gradient (see above), and slope length; removes 
valuable top soil and causes deposition downslope; may silt streams or 
adversely impact developments; wide variety of engineering and 
land-management techniques for control. 

Mass Movement 

Earthflow and Slump Topography: (areas less than 20 acres not shown) 
Moderately sloping terrain with irregularities of slope, drainage, or soil 
distribution; recent movement shown by tension cracks, bowed trees 
and others; most extensive In sheared bedrock areas; greatest activity 
where coastal retreat, stream-bank erosion, or steep-gradient streams 
remove material from the toe; hazards associated with inactive areas 
include variable foundation strength, caving in excavations, poor 
drainage, and others; development possible locally, but generally may 
reactivate or accelerate sliding; may also initiate sliding in previously 
stable areas. 

Steep Slope Mass Movement: Areas subject to localized debris slide, 
debris flow, rockfall, or rock slide; specific locations a function of rock 
type and structure, soil properties and thickness, cover, root support, 
and others; common on steeply sloping very hard bedrock; mitigation 
may include structural solutions, drainage control, and appropriate land 
use and forest-management practices. 

The preparation of this map was flnai"!Ced In part 
through a project devel()l;>ment grant under thll 
Coastal Zon11 Maneg11ment Act of 1972 admlninemd 
by the Office of Coastal Zone Management; focal 
administration by the Lend Conservation end 
Development Commission. 

Ae511arch for thi$ map sponsored In port by the U. S. Geological Survey, 
Department of the Interior, under USGS Grant No. 14-08-0001-G-136 
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EXPLANATION 
(All statements are general; 

site evaluations require on-site examination) 

Surficial Geologic Units 

beach sand (Recent): Flnl!- to ml!dl.,m-rrolrn�d un�o..,o/ldaled oond; renemdly 
thin; wry hillh P<l�meobllity; not approprUJte for deLHIIopment: Include. narrow 
berm <>nd foredun" depo•it•; ha20I"tb lnc/ud<! ocean (loodlnt, waLHI .,,.,,.Jon, and 
WIWI df!POIItiOil. 

urutable dune sand (ReceM): Uncon•olidatord fine· to medlum-rralned �nd of 
dunu not prol<�cled by uefl/Z/allon: '"""'""1/y IIi In excep/ louth of Plo/ol Rluer: 
hllh pumeab/ll!y with modest '"'""d·woter poten/lal locaUy: hazard• include 
wind erosion <>nd depo•ition, oce<>n (loodlnr In ploceo, and po .. /ble pruenc£ of 
compre .. l!>le soiU CJt depth. 

sl.able dune sand (Recent): Unconsolidated {tn11- to medlum·lr<li'led dune '""d 
protected from w ind !>y ueretCJtlon: renerQI/y thin: hazm·.:h Include ocean 
{IO<Jdlnl CJnd po.o&i!>k pre,.mce of compreu/!>le 10/br a/ depth: unit doe• not 
Include .tab!£ �and ou.,rlyinr marins termce depo11t1. 

muth deposlt.s (Recent): Unconsolidated orrCJnlc-r/ch 1ill, clay. and •and In 
eduarlne and low-lyinr fre•h-waler wetland aretu; CJbundant usrelalion; 
hazard• lrtel,.de pondin#, hllh wat"r table, uery low (o,.ndallon dN!nf/h. and 
1/ream floodinr; peoty d<!poslt• m"y "nder/101 olh<lr alluu/al and �and uni/1. 

Quaternary alluvium (Recent end late Pleistocene): Uneonwlldated ..,nd, rmuel, 
1ill, "nd cloy in 1tream !>"d• "nd flood pl.,ln• of mo./or ll>"eOml; ,...,;n 1ia-e 
r•n•r"<llly lnet"f!....,l with d01pth: modemtely h/Rh foundation •lr•..,:th ; 
rround-waler potential mo<hmt"; 1/lty ci�JY /o..m 10UI; hozard• indud<l 
llream-banlt "ro1ion. pondlt��. h/zh rround wat11r, (loodtnr, and 1111"1/on. 

Quaternary fluvial terrace depo•IU {P\elltoc<lne): Uncon101/da/ed /o oem/. 
eo,.ol/da/ed (1"1-!yinl a/luuia/ d"po1il1 of '"nd, ,...,.,.,, ond 1//1 ouer/ooltlnl 
pre.ent-doy flood plaiN; I"Min liZ<! pn<I"MIIy lnCrlaHI with dtrpth; modero/<1 to 
h/zh (oundCJ/Ion 1trenrth; low to modot,..,/1 frDund·wal•r pol.,nliol: h<l-%ordl 
include •lream-b<>nlt em1ion, /oc"l pondlt��. and occtulonal 1/ream (ioodlnl in 
place.. 

Quaternary lower marine t<ln"ace deposll.a Oatest Pleistocene): Thin, poorly 
con•olidoted .J<Jnd. oil/, and clay 0 to 40 (ut in •lllUCJtlon; eq,.fualenl to 
Wh i._rley Run t"""'"" of Grlzf• (1945): UJndy loam, 1/lly loam, and •illy clay 
loam 1oiU: poorly d'""ln11d with u-ren.Sue pondlnl and {loodlnl. 

Quaternary middle marine terrace deposll.a (late Pleistocene): Thin (5 to 40 feel} 
uml-consolidoted sand, •ill. and rrauel 40 to 2QQ fell/ In trleuation; eq,.lvalent 
to the Pfonur lermc<J of Grlzz• (1945); !>each rldre toporrophy and III'E"am 
dlueetlon In pku:er; ..,ndy loam oo/1 with Impermeable Iron pan at •hallow 
depth• IO<:olly; h<U!ardo incl,.de poor drolnor•, local PQndlnr, 11nd coo•!"/ 
rdulll. 

Quaternary upper marine tett&ce depo.ll.a (middle Plelfrtocene): Thick, m<��f/ue 
umd. oil/. and b.ual rmuel a/ eleualion• of 100 /o 900 feet: poulbly equivalent 
to the SeUII1n D"ulls terroce of Grilli• (1945): •11/y elcy loam •oil.: dluected by 
dell!p n:�uln"•· 

Quatern.uy higher marine terrace deposits (early Pleistocene?): Thick oemi­
coruolld<lted sand and •ill wllh !>01<1/ fraU/1!11; ellluallon 250 to 1.000 feet: 
eQuiucl.,nl to hilh"r '"""'eel of Gris/g• (I 945); wndy loam 10/11; renerDIIy cap 
rldre• a1 llolated depo•il•; tlery deeply dlluc't<!d ni!llr Port Orford. 

Bedrock Geologic Units 

Sedhnentary Roclts of IAU! Tertlary Ate 
Empire Formation (early Pliocene), Port Orford Formation (middle to late 

Pliocene), and Miocene sedimentary rock (Tmp): Moden:�tely hord .J<Jnd1tone 
and cong/omemte In deep ua ellffr and llfllllly wa/11 near CaP" Blanco: 
Impermeable to P<!rmi!able locally; h<1.J:ard1 /nc/,.de co<Uia/ l"flll"flat and rloP<! 
emdon. 

Sedimentary Rodo.s of Early Tertiary Ale 
Flournoy Formation (Tef), Lookinr;&lass Formation (TelJ), Rooebura Formation 

(Ter), and urulifferentiated Eocene rocU at Cape Blanco (Teu) (all early to 
middle eocene): Rhythmically bedd...J hard �and1ton• ond minor 11/l.tone: 
hllh foundation 1/renrth; impermeoble !>"/ with loca/ /nfl/tmllon a/on1 fault•. 
Jolntr and beddin/1 plan.,•: low pound-wat•r pot•ntial; �t�ndy loam and 1/lty 
loam 1o ill of uaria!>le th icltneu: haltll"(b Include 01rolfon, earth (low, and d11brll 
IIIII<!•. 

Sedimentary RocU of Late Cntaceow AC• 
HI.Ulter Cove Formation (Kuh), and Cape Seba . .tlen Sandstone (Kuc): Modem/ely 

hard wnd$1on11 ond aha!£: hi11hly 1heared lOuth of Cape Sebtullan: mode,..,tely 
hlrh to low foun<Wtion olrenrth and P<!rmO'Cib/11/y a• o funclfon of •h<Jarinr: 
1ilty clay lqam and •illy loam sol/.: ha�"rdr lnc/ud" ""rth(low, rlope .,,.o.ton. 
CJnd coa.tal retreot. 

Sedimentary Rocks of Early Cretaceous Ale 
Rocky Point FormaUon (Kr), Humbug Moun!.aln Conslomerate (Kh), and MyrUe 

Group undifferentiAte-d (KJm): 1fllrd rhythmically bedded -�andllone and 
11111tone with hord conrlome"Mte In placeo: compr/oe part of a rerlonol thr"'' 
rh.,.t; ""ry hilh to h igh foundation •trenrth: Ullry low P<!rmeablllty and 
rround-waler po/enlilll; rilly loam and fra�e/ly loam roil• o( hllhly IX>ri<lbt.. 
thlclfneu; hozard• tncl"d" olope erorlon, d<1brll 1//de and debrll (low. 

Sedlment.ary rand Volcanic Rodo.s ot Junnlc AI• 
Otter Point Formation (Late Jurusle): Het•ro1eneou1 <IIHmblale of -�andltone, 

marin• t>cwa/1, metamorphic biDer... cot��lomerote, and minor chert; '""llonaUy 
rhea.-.!d In the north and a/onf linear •hear ron•• alonr the coart; hilhly 
uariabill fo,.ndation •trenllh and permeabl/1/y; r•n.,ral/y low fround-water 
potentk>/; .oil type•, lh /cltn���•. ond proP<!rlkte hllhly 11<>rlobl•: exlenrl""' 
"arth(lowr conritute major hozard. 

Dothan Formation (Late Jurasoric): liard wndllon• ond mod.orrot•ly hard rfll•lone 
with minor '""""•tone and chert Ollpeclolly a/Onl th<l co.>�/; h/6h foundlllion 
llre,..th: low P<!rmea!>ility and ground-wat"r potentio/; 1//ly day loam to 
,,.,.,.1/y loam .oiU of varia!>/" /hiclln••: ha.rardl lncluda •lope 01rollon and /oc,./ 
mau mou.,ment. 

GeUce Formation (early Late JW"Uiic): Har-d rlaly •hale w/lh minor �and1/0n.,, 
rreen�tone, and ch.,rt: ,.,.h.,ared !>ut comprile1 pori O( a regional thrtut rheet: 
mod•rote (o,.ndation •tr-enrth; low permi!ablllty and rmurld·wa/er potential: 
dlty clay loam 10/U; mQ,/or ha%ard1 are 1/0P<! erolion and local mau mouement. 

1111eow and Metamorphic Roclts of Vulow A&U 
Mount Emily Dacite (Oligocene): Moun/ Emily plu/on and ...,lal"d dilf•• 

dlllributed alonr zone� o( s tr .. ct .. ral wealtn.,•o: h/zh fo,.ndatlon rtrenrth; low 
permeabi/Jty and ground-water potential; poa/!>11/ty of perch"d water table• 
/ocDIIy; oandy loam and gn:�uelly loam roll• of highly uarlabltr thlcllneu; h.uards 
lneJ,.de rocl<fall. debris Bllde, and rloPt� erosion. 

Colebr'loke Schist (Late Jurauic oriiin, Cretaceous or later emplacement): Mica 
phytute and •chis/ deriUII!d {rom 1ha"' and -�and•tone: al10 lndude• marin" laua. 
tuff, "nd chert: compriu• a rerioncl /hru.t lheel; modem/• permeability 
and ground-w .. ter potential: clay loam •oil• of uartoble thlcl<neu; major hazards 
Include •lope erosion and m4U mouemen/ locally. 

Pearse Peak Diorite {Late Jurassic): Medium· to fln•-Jolnt"d Q"ortr diorite; form� 
part of c rerional lhrwt •h•"'; low permeability, but por�lbilfly of P<!rch11d 
water ta!>/e locally; 11/ly loam, wndy loam, and gralllllly loam rolb of hflhty 
uarlable thlcltnea; nuUor hazard• ..,... rlope .,,..,.ion, debrlr 11/d<11, and d�t!>rU 
flow, 

Serpentine and peridotite (Let<! Jurualc): Primarily tectonic ohu/1 within the 
Otter Point Forma/ion and al fol"r to Ollllrrldfnl thrull •he"'•· b"t allo preunt 
olon11 .,.rtlcol fa .. tt�; time of (ina/ •mplac<lment• uar/o!>lll; .,.ry low to moderota 
foundation •t...,nrth ar a f"nctlon of •he.,rlnf ond wealher/nr: Ull!ry law 
p"rmeob/1/ty; percMd wat"r /able• locally on flat /otrraln; th in cloy, cloy loam. 
and ru!>bly roil%, renen:�lly lateritic: major hazord /1 mQ# mouem .. nl In •hear 
a-ornr•. 
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EXPLANATION 

(Boundaries are approximate; statements are ceneral; Jltt evaluations requi.n 
on-site examination) 

Average ( Regional) Slope 
Interpreted from maps with scale 1 : 62,500 

0-15% slopes locally; landforms include beaches, flood plains, fluvial 
and TTUJTine terraces; surficial geologic units; hazards include flooding, 
ponding, high ground water, poor drainage, and compressible soils; 
land-use potential excellent in areas of minimal hazard. 

0-50% slopes locally; londforms include dunes, dmcted marine 
terraces, and gentle uplands, especially ridge crests; hazards include 
negligible to moderate erosion and deposition by stream, wind, or wave; 
land-use potential good in regions of m inimal or controllable hazards. 

0-50% slopes locally; landforms include d issected parts of older marine 
terraces and moderately sloping uplands, especially sheared areas 
undergoing mass movement; other hazards include moderate to rapid 
erosion and deposition; land-use potential variable and generally 
restricted to low density residential use, forestry, and open space. 

Greater than 50% slopes locally; landforms include uplands of relatively 
hard and unsheared bedrock; hazards include moderate to rapid 
erosion, local earth{low, slump, debris slide, and debris flow; land· use 
potential generally limiled to very sparse development and well­
managed forestry. 

50% to vertical locally; landforms include interior uplands of unsheared 
very hard bedrock and sea cliffs; hazards include extreme erosion, rapid 
earth{low, debris slide, debris flow, and rockfall; land use restricted to 
very well-manal!ed forestrv and ooen snacP.. 

Flooding 

Intermediate Regional (100-year) Flood: Extent or Oood (determined 
by the U. S. Soil Conservation Service) having a 1% probability of 
occurrence in any given year. 

Flood-prone Areas: Areas that are known to have experienced Oooding 
on the basis of field observations and interviews (composite maximum 
historical flood) and areas of inferred flood potential based on 
landform, vegetation, and soils (without benefit of direct flooding 
observations); .approximately equivalent to the lnt.ermediate Regional 
Flood. 

Potential Ocean Flooding: (no symbol on maps owing to limitations of 
scale) Beaches, marshes, interdunes, and other low-lying coastal areas 
are subject to tidal flooding, storm surge, and tsunami inundation; 
highest possible tides are about 6 feet above mean sea level ; storm 
surges may add 4 feet to this, exclusive of wave action; tsunamis with 
heights of 1 5  feet and runups of 20 to 25 feet are possible; major 
impacts on open coast. 

Erosion and Deposition 

Headland and Sea Cliff Erosion: Removal of headlands and sea cliffs by 
waves; generally slow in hard bedrock, but may approach a few inches 
annually in softer bedrock near Cape Blanco and on exposed marine 
terrace deposits; associated mass movement effects large areas; slides 
may produce large, sporadic coastal retreat locally; generally no viable 
means of protection; impact minimized by adequate setback and proper 
design. 

Potential Beach Erosion and Deposition: Areas in which jetty 
construction or modification, beach excavations, channel dredging, 
sPoil disposal, and other artificial changes may initiate beach erosion or 
deposition; extent of impact varies with size of project; beach areas 
generally in equilibrium with headlands except for seasonal and longer 
term cyclic fluctuations. 

Critical Stream-bank Erosion: Undercutting and caving of river and 
stream-bank material by stream action; restricted primarily to Oood 
plains and terraces; characterized by location on outer river bends, bar 
growth on inner bank, and relatively deep water nearshore; passes 
upstream into actively eroding stream channels; treatment may include 
riprap, channel modification, and land-use restrictions, depending upon 
local hydraulics, desired land use, and erosion rates. 

Regional Wind Erosion: Windward sides of unvegetated dune com­
plexes, foredunes and beaches; promoted by overgrazing, fire, and 
artificial devegetation; hazard minimized by proper conservation 
practices. 

Wind Deposition: Sand deposition by wind on the leeward side of 
active dunes and around artificial structures in active wind erosion 
areas; prevented by stabilizing source area, proper location of 
structures, and proper planning. 

Slope Erosion: Loss of soil material by moving water on slopes; favored 
by removal of vegetation, ground disturbance, sandy soil textures, lack 
of consolidation, slope gradient (see above), and slope length; removes 
valuable top soil and causes deposition downslope; may silt streams or 
adversely impact developments; wide variety of engineering and 
land-management techniques for controL 

Mass Movement 

EarthOow and Slump Topography: (areas less than 20 acres not shown) 
Moderately sloping terrain with irregularities or slope, drainage, or soil 
distribution; recent movement shown by tension cracks, bowed trees 
and others; most extensive in sheared bedrock areas; greatest activity 
where coastal retreat, stream-bank erosion, or steep-gradient streams 
remove material from the toe; hazards associated with inactive areas 
include variable foundation strength, caving in excavations, poor 
drainage, and others; development possible locally, but generally may 
reactivate or accelerate sliding; may also initiate sliding in previously 
stable areas. 

Steep Slope Mass Movement: Areas subject to localized debris slide, 
debris now, rockfall, or rock slide; specific locations a function or rock 
type and structure, soil properties and thickness, cover, root support, 
and others; common on steeply sloping very hard bedrock; mitigation 
may include structural solutions, drainage control, and appropriate land use and forest-management practices. 

The preparation of this map was financed In part 
through a project developm<mt grant under the 
Coastal Zone Manag&ment Act of 1972 edmininered 
by the Office of Coastal Zone Manegtrmant; local 
edmlnlstretlon by the Lend Conservation end 
Dtrvelopment Commission. 

Aast�arch for this map sponsored In part by the U. S. Geological Survey, 
Depertment of the Interior, under USGS Grent No. 14·08-0001-G-136 
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!hrough a project development grent under the 
Coenel Zone Management Act of 1972 administered 
by the Office of CoMtal 2one Management; local 
administration by the Lend Conservation and 
Oevelapmant Commlulon. 

Aesea"'h for this map oponoored In pan by the U, S, GeoiOilk:.al Survey, 
Depal'tment of the Interior, under USGS Grant No, 14-08-0001-G-135 

S T R A T  I G  R AT I G R A P H I C  T I M E  C H A R T  

EXPLANATION 
(All statements are general; 

site evaluations require on-site examination) 

Surficial Geologic Units 

bH.ch sand (ReceM): Fine- to medium-grained uncOn$01/daled .wnd; generally 
thin; oory high �rmeGbiUty; not appropri<Ite for de,.,lopment; include• nal'f'Ot&l 
berm ond fored�o�ne deporlt�; luuorcb Include ocean flooding, t&lat>e ero•ion, and 
t&IOtlil deposilion . 

unat.able dune sand (Recent): Uncon•olldoted fine- to medlum.grglned 1ond of 
dunu not protected by ooge/o//on; generally lliin except routh of Pl•tol Rluer; 
h illh perm<!obilily with mode1/ /lround-watcr po/entiol tocolly; haurtl• incl.,de 
t&lind ftro•ion and dcpo•Uion, ocean (loodin/l in places, and p016/bl<1 pruence of 
compreuib/e soils at depth. 

st.able dune sand (ltecenl): Uncoruolidated fine- to medlum·/lroined dune 1ond 
protected (rom t&l ind by Uft/lelallon; llenerolly thin; hazard• lncludft ocean 
flooding and pouible pre1enee of compreuible soils a/ depth; un/1 doe• no/ 
inc/�o�de •tabU. Mnd ouerlylnlf marine /errgee deposi/1. 

manh deposits (Recent): Uncon1ol/dated Or/lanic-ri<:h #II, clay, and Mnd In 
e.tuarlne and /ow-lying (N!!Ih·water wetland ore<U; ab�o�ndanl oogetolion: 
hazordt Include ponding, high t&laler toble, 11<!1')' low fo�o�ndotion Jlren/llh, and 
1 l.....,m flooding; peaty depoli/1 may und.,.lie other a/luuiol and Mnd unl/1, 

Quaternary- alluvium (Re<:ent and late Pleistocene): Unconwlidated Mnd, grgiH!!I, 
silt, and clay in 1/reom bedo and (lood plains of major 11reom•: groin 1ize 
generally increc.M�J wllh depth; moderglely h igh foundation f/renz/h; 
ground-water potenti<II moderg/ft; silly clay loam wlls; hazard• Include 
•tream-bonll erosion, pondinf, high ground woler, (loodin/l, and •Illation. 

Quaternary fluvial terrace depo1lts (Pleistocene): Uncon•olld.ated to 6ftmi· 
coruolidated (lat-lylnll a/luulal deposit. of land, /lravel, and silt ouerlooking 
pre1en/-day flood plairu; groin 1/ze s«nernlly lncreo•u t&lilh depth; moderate to 
hlrh foundation strength; /o"' to moderate ground-water potential; hazardo 
include dream-bani! erosion, local pond/nlf. ond occasional 1/...,..m flooding in 
place .. 

Quaternary lower marine wrace deposits (latest Pleistocene): 7'hin, poorly 
con•olidoted sand, •ill. ond elay 0 to 40 {<!et in ele11<11ion; equitralenl to 
Wh.:.lley Run /erroce of Grilli• ( 1945}: Mndy loam, •illy loam, and 1/1/y clay 
loom wil•; poorly drnined t&lllh ftXIenlive ponding ond (loodin/l. 

Quaternary middle marine terrace deposits (late Pleistoc.,ne): Thin (5 to 40 feel} 
•emi-con•olidaled Mnd, •1!1, and grauel 40 to 200 teet In e/euallon; equiu.alent 
to the Pioneer terrace of Grillll• ( 1945}; beoch ridge /opo/lraphy and llreom 
dU.ec//on in place•: sond)' loam •oil with lmpenneabk Iron p<1n at •hallow 
depth• IOc<1/ly, h<lzord• lncl�o�de poor drainage, local ponding, ond coo.stal 
ret reo/. 

Quaternary upper marine terr.e.ce deposits (middle Pleistooene): 7'11/ck, mo.s&ive 
fOnd, sill, ond bosal grauel a/ e/eualion• of 100 to 900 feet; pou/b/31 eq�o�iu.alen/ 
to the Seuen Deui/1 lerrgce of Gr{6gr ( 1945); sillyclay loom •oil•: dilucted by 
deep rgulne._ 

Quaternary hig:her marine terrace deposits (early Pleinocene?): Thiclt oemi­
con�olidoled 1and and •Ill with b-1 '""*1•: eleva/ion 250 to /,000 feet; 
equivalent to h illher terr-acer of Grilll• ( 1945}; 1<1ndy loam 10il1; gemrrally cap 
ridge•.,. i&oiDied depo•il&; oory dupl)' diloecled near Pori Orfo�d. 

Bedrock Geologic Units 

Sedimentary Rocks of Late Tertiary A&e 
Empire Formation (early Pliocene), Pon Orfonl FonnaUon (middle to late 

Fllooene), and Miooene sedimentary rock (Tmp): Moderately hard •ondstone 
ond conglomerate in sleep •ea cliff• and ualley wall.< near Cape Blanco: 
Impermeable to permeable locally; hCL>:ards include coa.tol rdrea/ and •lop" 
ero&fon. 

Sedimentary Rocks of Early Tertiary A&;e 
Flournoy Formation (Tef), Looklnfl&]uo Formation (T"II), Rosebure Form.e.tion 

(Ter), and undifferentiated Eocene rocks at cape Blanco (Teu) (eU early to 
middle Eocene): Rh)'lhmicolly bedded hard Mnd&tone and minor olltoltme; 
high fo�o�nd<llion 1/rength: lmperme..ble but with /ocal/nfll/rg//on aiO!'I/l fault•. 
jolntr ond bedding plane•: low p-ound-t&laler polen/1<11; Mndy loom and 1illy 
loam wih of trariobk lhlckne.u; hazard• incl�o�de erosion, earth now, ond debrif 
11/de•. 

Sedimentary Roclu of Late Cretaceo111 A&e 
Hunter Cove Formation (Kuh), and C.e.pe Seba$tian Sandstone (Kuc): Moderotel)' 

hard MndMone and •hol�r; hlllhl)' rhear<�d 10u/lt of Cape SebGitlan; moderntel)' 
hlllh /o low fo�o�ndatlon •lret�gth and permeability o• o function of lhear/,.g; 
•illy cloy lqam and silly loam •oil•: hazards include eartlt{low, •lope ".-oslon, 
a"d coastal retreot. 

Sedlment.ar)' Roclu of Earl)' Cretaceolll A&e 
Rooky Point Formation (Kr), Humbug Mountain Conglomerate (Kh), and Myrtle 

Group undiffe>:enti.a.ted (KJm): Hord rhythmOc:ally bedded Mnd•tone and 
•ill•lone t&lith hDrd con,lomftrale In place•; comprile part of o re/l/Onol thrwt 
•heel; ""ry high to /tllfh tound<1tion •lrengtlt; oory low P"rmeoblllty and 
rro�o�nd·t&lal�rr potential; lilly loom ond /lrovelly loam 101/1 of h ighly trariable 
thkllne.u; hazard• include 110� «.-o•ion, debrilslide and debril flow. 

Sedimentary and Volcanic RoekJ of Jurassic Age 
Otter Point Formation (Late Junulc): Helerogeneo�o�s <Usemblage of Mnd•tone, 

marine IHIMII, metamorphic bloc/t.s, cO!'I/liOmerale, <1nd minor chert; reg/a�ulll)' 
1heared in /he north and along linear ahear zone• olonf the coa1t: h]6hl31 
variable foundation 1/renglh ond perme<1bi/ity: generally lo"' r.-ound-t&la/er 
po/enll<�l; soil /ype1, lh/cltnor.uc•. ond propcrtie• h ighly uorloble; exlen1ioo 
"arthf/ot&l• consilute major hCL>:ord. 

Ootluon Formation (Late Ju1'11.!18IO): Hard •andslone and moderate/)' hard •lllslone 
with minor green• lone and chert e•peciall� "''""ll the coGAI: hl/lh foundation 
lll'fmf/h; low permeability and /lrOund·t&loler potential; 1il131 clay loom to 
grguelly loam �oil• of uorlable thlckne-.: hazard• Include 1/0P" ero•lon and local 
mo11 movement. 

Galice Formation (early Late Jurassic): Hard •loty •h<�le with minor •and•lone, 
gre<!n�lone, and chert; un•h<1<11'f!d but comprile• pari of o regional thrwl •heel; 
moden>l" fo�o�ndotloil •trength; low porrmeablllty ond g.-o�o�nd-wale� potenti<II; 
1illy c/o)' loam soli•; maJor hazard• are 1IOJH! erosion and loco/ mou movement. 

l&neOUI and Metamorpble Roclu of VarioUI Ages 
Mount Emily Dacite (Oligocene): Moun/ Emily p/u/on and related dlllu 

dfllrfbu/ed aiOnlf zoner of •lruc/urol weakne .. ; hil/h foundation rtrengJh; low 
permeability and r.-ound-water po/en/ia/; ponibility of perched water table• 
local/)'; sandy loam ond lfl'(>uelly loam •oil• of highly v<1rloble thlcllneu: haz,.rd• 
Include rocllfa/1, debrl• 11/de, and •lope ero•lon. 

Colebrooke Schist (Late Jurassic origin, Cretaceous or Jeter emplacement): Mica 
phyllite and schiM derived from shale and MndMone; also Include• marine laua, 
luff, and chert; comprloe• <1 regional th .... st sheet; moderate permeabi/1/y 
and /lround·wal<!r potential; clay loom IOIIf of uori<Ible lhlcllneu; major hozardl 
include •lope erosion and ma., mooemenl locally. 

Pearse Peak Diorite (Late JuraiJic): Medium- to fine-jointed QU<Irlz diorite; form• 
par/ of o regional lhru•l •heel; lot&l pumeability, but po.,/blllty of P4rrched 
t&laler /able locally; •illy loom, Mndy loom, and rrauelly loom •oih of h{6hl)' 
uorl<1ble thkknea; major hoz<1rd• <Ire dope erooion, debri• dlde1, and d<!brU 
now. 

Selllentine .and peridotite (Lale Jurassic): I'Timarily tectonic rheet• wllhin the 
01/er Point Format/on ond o• •oleo /o overriding thru•l•heel•, but alao pre•enl 
along uerlical fo�o�/1&; time of final emplacement• uar/able; uer')l low to moderate 
foundation fll'en/lth o• a function o{ •hearing ond t&le<llherlnf; uel')' low 
permeability; perched t&later tables loco//)' on (/al /errnin; thin clay, cloy loom, 
and rubbly 60ilf, generally loter/1/c; mQjor hazard is ma.u mouement in shear 
zone•. 

Geologic Symbols 

Contacts 

Definite contact 

Approximate contact 

Concealed contact 

Faults 

Definite fault (D, downthrown 

side; U, upthrown side) 

Approximate fault 

Uncertain fault 

Concealed fault 

Thrust fault 

Folds 

Definite anticline 

Definite syncline 

Approximate anticline 

Approximate syncline 

Bedding 

Strike and dip of beds 

Strike and dip of vertical beds 

Strike and dip of overturned beds 

Foliations 

;::::.--_-.......:; Fault zone? Shear zone?'? � -
Strike and dip of foliation 

Strike and dip of vertical foliation 

Rock quarry Gravel pit 
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EXPLANATION 

(Boundadn a•e approximate; statemenu are Jtneral: aite evaLuation• reqllire 
on..,ite examination) 

Average (Regional) Slope 
Interpreted from maps with scale 1 :62,500 

0-15% slopes locally; landforms include beaches, flood plains, fluvial 
and marine terraces; surfic ial geologic units; hazards include flooding, 
ponding, high ground water, poor drainage, a11d compressible soils; 
land-use potential excellent in areas o{ minimal hazard. 

0-50% slopes locally; landforms include dunes, dissected marine 
ten-aces, and gentle uplands, espec ially ridge crests; hazards include 
negligible to moderate erosion and deposition by stream, wind, or wave; 
land-use potential good in regions of minimal or controllable hazards. 

0-50% slopes locally; landforms include dissected parts o{ older marine 
15-30% terraces and moderately sloping uplands, especially sheared areas 

undergoing mass movement; other hazards include moderate to rapid 
erosion and deposition; land-use potential variable and generally 
restricted to low density residential use, forestry, and open space. 

30-::3 
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Greater than 50% slopes locally; landforms include uplands of relatively 
hard and unsheared bedrock; hazards include moderate to rapid 
erosion, local earth{low, slump, debris slide, and debris flow; land· use 
potential generally limited to very sparse development and well­
managed forestry. 

50% to vertical locally; landforms include interior uplands of unsheared 
uery hard bedrock and sea cliffs; hazards include extreme erosion, rapid 
earth{low, debris slide, debris {low, and rockfall; land use restricted to 
very well-manaped {orestrv and ooen snace. 

Flooding 

Intermediate Regional (100-year) Flood: Extent of flood (determined 
by the U. S. Soil Conservation Service) having a 1% probability of 
occurrence in any given year. 

F1ood-prone Areas: Areas that are known to have experienced flooding 
on the basis of field observations and interviews (composite maximum 
historical flood) and areas of inferred Oood potential based on 
landform, vegetation, and soils (without benefit of direct flooding 
observalions); approximately equivalent to the Intermediate Regional 
Flood. 

Potential Ocean Flooding: (no symbol on maps owing to limitations of 
scale) Beaches, marshes, interdunes, and other low-lying coastal areas 
are subject to tidal flooding, storm surge, and tsunami inundation; 
highest possible tides are about 6 feet above mean sea level; storm 
surges may add 4 feet to this, exclusive of wave action; tsunamis with 
heights of 15 feet and runups of 20 to 25 feet are possible; major 
impacts on open coast. 

Erosion and Deposition 

Headland and Sea Cliff Erosion: Removal of headlands and sea cli£fs by 
waves; generally slow in hard bedrock, but may approach a few inches 
annually in sorter bedrock near Cape Blanco and on exposed marine 
terrace deposits; associated mass movement effects large areas; slides 
may produce large, sporadic coastal retreat locally; generally no viable 
means of protection; impact minimized by adequate setback and proper 
design. 

Potential Beach Erosion and Deposition: Areas in which jetty 
construction or modification, beach excavations, channel dredging, 
spoil disposal, and other artificial changes may initiate beach erosion or 
deposition; extent of impact varies with size of project; beach areas 
generally in equilibrium with headlands except for seasonal and longer 
term cyclic fluctuations. 

Critical Stream-bank Erosion: Undercutting and caving of river and 
stream-bank material by stream action; restricted primarily to flood 
plains and terraces; characterized by location on outer river bends, bar 
growth on inner bank, and relatively deep water nearshore; passes 
upstream into actively eroding stream channels; treatment may include 
riprap, channel modification, and land-use restrictions, depending upon 
local hydraulics, desired land use, and erosion rates. 

Region�] Wind Erosion: Windward sides of unvegetated dune com­
plexes, foredunes and beaches; promoted by overgrazing, fire, and 
artificial devegetation; hazard minimized by proper conservation 
practices. 

Wind Deposition: Sand deposition by wind on the leeward side of 
active dunes and around artificial structures in active wind erosion 
areas; prevented by stabilizing source area, proper location of 
structures, and proper planning. 

Slope Erosion: Loss of soil material by moving water on slopes; favored 
by removal of vegetation, ground disturbance, sandy soil textures, lack 
of consolidation, slope gradient (see above), and slope length; removes 
valuable top soil and causes deposition downslope; may silt streams or 
adversely impact developments; wide variety of engineering and 
land-management techniques for control. 

Mass Movement 

Earthflow and Slump Topography: (areas less than 20 acres not shown) 
Moderately sloping terrain with irregularities of slope, drainage, or soil 
distribution; recent movement shown by tension cracks, bowed trees 
and others; most extensive in sheared bedrock areas; greatest activity 
where coastal retreat, stream-bank erosion, or steep-gradient streams 
remove material from the toe; hazards associated with inactive areas 
include variable foundation strength, caving in excavations, poor 
drainage, and others; development possible locally, but generally may 
reactivate or accelerate sliding; may also initiate sliding in previously 
stable areas. 

Sleep Slope Mass Movement: Areas subject to localized debris slide, 
debris flow, rockfall,  or rock slide; specific locations a function of rock 
type and structure, soil properties and thickness, cover, root support, 
and others; common on steeply sloping very hard bedrock; mitigation 
may include structural solutions, drainage control, and appropriate land 
use and forest-management practices. 

The preparation of thlt map we• financed In pen 
through a project developmem grant under the 
Coastal Zone Management Act of 1972 edmlninered 
by the Office of Coastal Zona Management; locef 
edmlnlstretlon bv the Lend Comervetlon end 
Development Commission. 

Reo;earch for this map sponsored In part by the U. S. Geological Survey, 
Deportment of the Interior, under USGS Grant No. 14-06-0001-G-135 
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