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LAND USE GEOLOGY OF CENTRAL JACKSON COUNTY, OREGON 

INTRODUCTION 

Pu r p o s e  

Effective land use planning and land management require on adequate data base with regard to the 
potential uses and limitations of the land. The purpose of this study is to provide practical information 
on specified geologic hazards and engineering geology conditions of central Jackson County. 

The need for comprehensive, systematic, and reliable information of this sort has gained wide recogni
tion by State officials, County officials, planners, private citizens, and resource specialists and is articu
lated in Goal 7 of the Land Conservation and Development Commission. Legal trends in recent years have 
been toward placing increasing emphasis on comprehensive plans in land use decisions in Oregon (Fasano; 
Baker v. Milwaukee; Green v. Hayward). The nationwide trend is also toward the placing of greater 
responsibilities on permit-granting agencies. 

Ac k n o w  I e d g  m e n  t s  

The author greatly appreciates the cooperation and help given by many individuals and organiza
tions in the preparation of this report. The investigation was funded in parts by grants from the Land 
Conservation and Development Commission to Jackson County and also o grant from Jackson County. The 
grants were implemented on o matching basis by the Oregon Deportment of Geology and Mineral Industries. 
Special thanks ore extended to Robert Br itzemon, Jackson County Planning Director, and Curtis D. Weaver, 
Senior Planner. 

The Jackson County Planning Department, the U. S. Geological Survey (Port land office), the U. S. 
Soil Conservation Service, and the Oregon Water Resources Deportment supplied valuable information in 
their respective areas. 

Staff members of the Oregon Deportment of Geology and Mineral Industries assisting in the project 
included Steven R. Renaud, Charles A. Schumacher, Wendy John, and Rose Reed, cartographers; Beverly 
F. Yogi, geologist-editor; Ainslie Bricker, editor; and Ruth E. Pavlot, typist. 

H o w  t o  Us e 

General 

Proper land management and land use planning addresses the characteristics of the land. In addition 
to County and city planners, the category of land use planners and managers to some degree also includes 
developers; pol icy formulators on the not ionol, state, and local I eve I; land holders; architects; engineers; 
and natural resource specialists. 

This bulletin provides planners in Jackson County with o synthesis of present thinking on geologic 
hazards and engineering geologic conditions in the study area. The material is reconnaissance in nature, 
however, subject to refinement based on additional investigations. The mops, like all mops, represent 
average conditions as they actually occur on the ground; and on-site examination generally is requirer' 
for specific evaluations. 
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The bulletin is organized and cross referenced to facilitate easy reference and use as a tool in 
decision making. The maps and tables interrelate the various hazards and geologic units. The text is 
divided into sections on specific hazards or topics and is structured around the formats of the map legends. 
The net result is a logical progression of facts with a potential for a wide variety of uses on various levels 
of inquiry from general to specific (Figure 1). 

Site evaluations 

In general, the maps, tables, and text are used to assess the use potentials and use limitations of 
the land. These are matched with the specific site requirements of the proposed development and the 
surrounding area to determine if the development and the site are compatible.  An appreciation of the 
limitations of map detail is a key prerequisite to correct site-specific decisions, and on-site investigations 
are generally required for site evaluations. Although the text and tables are designed to guide and 
facl!itate site evaluations, consultation of other sources of information is also recommended. 

Land use capability analyses 

Data provided in this bulletin and on the maps can either be used directly to develop land use 
capability maps or indirectly to develop such maps by using various sequences of overlays. Techniques 
such as these are appropriate preliminary exercises in the preparation of comprehensive plans or in their 
revision or refinement. To be valid, however, such maps should meet three specifications: 

( 1 )  The maps should be prepared for individual types of development or for closely related types 
of development. 

(2) Capability categories described in the map legend should be realistic and meaningful in terms 
of field observations and informed professiona I judgment. 

(3) Scale must be properly appreciated, and provisions should be made for exceptions based on 
more detailed information. 

Extrapolation of data 

On the County and city level, specialists commonly possess a wealth of detailed information on 
specific sites in their respective fields of expertise but do not readily have at their disposal a mechanism 
for projecting their observations into other areas. Thus, an individual may have detailed site-specific 
information on septic-tank failures, aggregate resources, or landslides but may not have adequate means 
of anticipating similar problems elsewhere. In this bulletin, geologic units, slopes, and hazards are 
interrelated in the text and maps to provide the specialist with the tools he needs to extrapolate his ob
servations into new areas for which no detailed historic information is available. 

Policy formulation 

When used in conjunction with a realistic set of goals, this bulletin can be invaluable in formu lating 
land use policies on the local and regional level. Such policies should represent a coordinated effort on 
the part of government agencies of various levels, consider a l l  significant hazards, and make provisions 
for local conditions as revealed by more detailed study or on-site investigation. Although policies should 
be designed in the best interests of society to protect the safety and well-being of the public, they should 
not be based on overreactions arising from inadequate or inappropriately applied information regarding 
geologic hazards. 

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

Obtaining data of an appropriate level of detail for a particular planning task is often the most 
significant informational concern of the planner . Inventories are generally conducted for a variety of 
purposes and are available on several levels of detai l .  Confusion may result if the degree of generalization 



I N TRODUCTION 3 

1. DEFINE TASKS Examples include evaluating proposed developments, 
developing or revising comprehensive plans or zoning 
ordinances, evaluating requests for variances, ad-
vising residents or developers, and developing goals 
or guide I ines. 

t 
2 .  LOCATE SITE Locate the site visually on the appropriate geologic 

OR AREA map and geologic hazards map. 

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

HAZARDS OR HAZARDOUS engineering properties of the underlying geologic 
ENGINEERING CONDITIONS unit or units. Use the geologic hazards map and L.....---------�--1(- __ .jJ __ --.- �ext to determi: ge�ogi� haz��· _______ 1 

4. 

5.  

6.  

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

� : INFORMATION struotion of additional- maps on a i 
significantl-y 'larger scal-e, consul-- 1 
tation or additional- fiel-d work by 1 
qual-ified staff may be needed to 1 
establ-ish accurate boundaries. J 

ASSESS THE SITE Define the physical capabi lities and liabilities of 
the land. The text is organized and cross-referenced 
to facilitate this type of use. Consult cited references 
or appropriate agencies where necessary. 

t 
EVALUATE THE PROJECT Compare the physical capabilities and liabilities of 

PLAN 

the land with the physical requirements of the pro-
posed use. Consider possible engineering and land 
management solutions and their impact on surrounding 
areas. 

t 
In arriving at a final decision consider local and 
regional goals, political and economic factors, 
citizens' input, and other appropriate data. 

Figure 1. Suggested use of this buZZetin in 'land use decision making. 
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of a planning tool generated on a statewide, countywide, or citywide basis is not distinguished from the 
degree of specificity needed for local implementation. Maps made for o general purpose ore generally 
not fully adequate for other uses involving more precise levels of inquiry such as site-specific decision 
making or the construction of large-scale zoning maps. 

Where gaps in information exist, arbitrarily adjusting the scale of the map does not generate the 
additional mop detail required by the new use. Increased detail requires additional investigation (see 
Site evaluations and Land use capabi lity analyses). The needed information con be obtained by consulta
tion, additional studies, on-site investigation, or in-house revision based on additional information. 
The text of this report is primarily intended to supplement the mops and to serve local jurisdictions in 
generating more detailed mops and information for specified local use. 

In summary, completion of regional inventories is a necessary prerequisite of local implementation, 
but these inventories ore not substitutes for site-specific information. As comprehensive plans ore e levated 
to a more distinguished and fundamental role in local planning (Fasano, Baker v, Milwaukee; Green v .  
Hayward), more care must be given to their formulation. To preserve the option of making justified 
zoning variances based on additional future information, the planner must carefully phrase land use re
strictions as they ore presented in the comprehensive plan. 
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G E O GRAPHY 

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

T he study area e ncompasses t he ce ntra I parts of  Ja ckson Cou nty ( F ig ure 2 ) . I t  is bou nded by 
poli ti c a l  bou nda r i es or , in some cases , by arbi trary bounda r i es se lec ted on the bas is  of topogra phy , 
County needs for i n forma t i o n ,  and de s i re for economies in t he mappi ng a nd publi cat ion processes . 

5 

Parts of e i g ht topogra p h i c  q uadrang le maps a re i n c luded . Toto I areal exte nt is approxi mate l y  750 
square mi l es .  Access is prov ided by H ig hway 1-5 i n  t he Be ar C reek a nd Rogue R ive r va l leys a nd by State , 
County ,  local, and pr iva te roads i n  more remo te areas. 

C l i m a t e  

Wi nters are m i ld , and summers are dry i n  the study area . Ra i nfa ll i s  l east  i n  th e va l ley areas , 
averag i ng 20 i n c hes annua l ly ,  a nd is greatest to t he nort he ast i n  the Ca scade s ,  w here a n  average a n nual 
ra i n fall of 46 i n ches  per year is re corded at Trail. Average ra i n fall is greatest at h i gher  e leva t i o ns b u t  
genera l l y i s  le ss t h a n  30 i nc hes. Summer ra i nfa l l i s  le ss tha n 2 i nches i n  t he vall eys. C li mat i c  data i s  
summarized in  Table 1 .  

Tab l e  1 .  Cli ma t ic da ta,  Jackso n C ounty , Oregon 

Tra i l  M ed ford As hland 

Mea n  annual 
prec ip i ta t ion ( i n c hes) 47 20 20  

Mean Janua ry 
te mpe rature ( ° F) 37.5 35.4 37 . 5  

M e a n  J uly 
tempe rat u re (°  F) 67 . 7  7 2 . 1  69 . 1 

Mean maximum 
temperat ure ( ° F) 65 67 65 

Mean mi n i m u m  
temperatu re (°  F)  37 4 1 . 2  39 . 8  

Maxi m um tempe ratu re ( °  F) 1 0 8 1 1 5  1 06 

M i n i m um tempe rat ure ( ° F) - 1  -3 - 1  

T o p o g r a p h y 

T he Klama t h  Mountains of weste rn Jackson County , the Cascade Ra nge of ea ste rn Jackso n County , 
a nd the Bear C reek va l ley of ce ntral J ackson C ou nty are t he maj or physiograp h i c  provi nces . T he Rogue 
R iver c u ts through eac h of th e prov i nc es as it  passes through the study area . 
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The K lamath Mountains province and ports of the Cascade Range are under lain by hard bed rock 
with o variety of jointing and bedding characteristics. Slopes are generally steep; and hazards include 
steep-slope failure, torrential flooding, slope erosion, and highly variable cutbank stability. Slopes are 
gentle to moderate in areas of large-scale faulting or prolonged weathering and degradation, or where there 
is softer parent rock such as shale or tuff. Eorthflow and slump are common local ly.  

The Bear Creek valley, Rogue River valley, and tributary valleys are underlain by o variety of flat
lying, soft to very soft, surficial geologic units. Hazards include ponding, high ground water, flooding, 
and stream-bank erosion. In youthful parts of volleys, flat terrace forms are developed by erosion of 
underlying bed rock rather than by deposition of alluvial units. Terrace forms, therefore, ore not always 
indicators of terrace units, as shown on the geologic mops. 

The engineering properties of geologic units ore major factors in the development of landforms and 
in the distribution of geologic hazards. Accordingly, proper definition and identification of rock units 
are essential to meaningful land use geology assessments. Engineering properties, regolith, and geologic 
hazards for each geologic unit ore summarized in Table 3. 

Popu l a t i o n  a n d  L a n d  U s e  

The population of Jackson County (Table 2) is expanding at o rote more rapid than that for Oregon 
as o whole, portly because of a greater-than-average rate of immigration. Historically, land use has 
been related in large part to landforms and the location of major transportation lines. Greatest growth 
in recent years has occurred along Highway 1-5 in the Bear Creek valley. 

Table 2. Population of major communities of central Jackson County, Oregon 

City 1 950 1960 1 970 1985 2000* 
Minimum Maximum 

Ashland 7,739 9 , 1 1 9  12 ,342 16,719 20,000 30,000 
Butte Falls 372 384 358 406 300 700 
Central Point 1 , 667 2 , 289 4,004 5,605 10,000 16,000 
Gold H i l l  6 19  608 603 670 1 , 000 3,000 
Rogue River 590 520 841 1,019 3,000 7,900 
Jacksonvi lie 11 193 1 , 172 1 , 6 1 1  2, 1 24 3,000 6,000 
Medford 17,305 24,425 28,454 38,470 50,000 70,000 
Phoenix 746 769 1 ,287 1 ,740 3,000 5,500 
Eagle Point 607 752 1 ,241 1 , 858 4,000 7,000 
Talent 739 868 1 ,389 2,235 3,500 6,500 

Jackson County 58,510 73,962 94,533 124,513 151 ,500 238,000 

* Figures supplied by Jackson County Deportment of Planning and Development 

Physical restraints to development within the valley are not easily delineated or mitigated. For 
example, high ground water and ponding are governed by a complex set of factors and ore not associated 
with easily mapped terrain factors. Land use patterns are, in places, in conflict with land l imitations. 
With continued growth, local problems become regional concerns requiring broad-based cooperative 
treatment. I 

Dominant land uses in the mountainous areas ore forestry, recreation, and scattered residential 
development. Potential for a rejuvenated mining industry is recognized for some upland areas. In the 
future, scattered homes and support facil ities for logging and possibly mining wi l l  place increasing burdens 
on the del icate upland terrain and wi l l  require careful management. 

Future urbanization and associated economic expansion into trade, education, and services wi l l  
lead to increased development pressures on the land surrounding present communities and in areas of new 
growth. Proper management of the land resource will  assure most beneficial use of the land and mitigation 
of existing and future potential hazards. 



GEOLOGIC UNITS 

Ge n e r a  I 

This technical discussion of geologic units is provided to ( 1 )  document and rationalize the infor
mation on the geologic maps, (2) aid in geologic hazard interpretation, (3) systematically relate the 
geologic units to the other sections of the bulletin, and (4) update concepts on the geology of the study 
area. 
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The geologic units ore distinguished primarily by rock type and, to a lesser extent, by other physical 
properties, distribution, topographic setting, and age. Generally, each geologic unit possesses a unique 
association of engineering properties. 

A total of 17 geologic units is recognized (Figure 3): 4 surficial, 6 volcanic and sedimentary, 
3 metamorphic, and 4 intrusive rock units. Ages range from approximately 200 million years to the 
present. 

Bedrock structure is briefly discussed to ( 1 )  document interpreted distribution of rock units, (2) 
enable proper interpretation of mineral distributions, (3) enable proper interpretation of earthquake 
potential, and (4) allow more accurate interpretation of moss-movement distribution and potential. 

Surfi c i a l  G e o l o g i c  Units 

In the study oreo, surficial geologic units ore unconsolidated, relatively thin, stream deposits that 
overlie bed rock. Major landforms ore flood plains, terraces, and alluvial fans. The elevation of the 
major volleys is determined by the elevation of the narrows immediately downstream from Roy Gold (Gold 
Ray). This is the local base level below which valleys and other upstream erosive features do not develop. 
Accordingly, development of the Bear Creek volley has been dominated by widening rather than deepening. 

Quaternary alluvium (Qol) 

Quaternary alluvium consists of sand, silt, cloy, and grovel in the flood plains and channels of 
major streams and is equivalent to port o f  the Quaternary alluvium of Wells (1956) . Because of limita
tions of mop scale, some Quaternary alluvium is included in Quaternary older alluvium (Qoo). 

Composition of the alluvium varies with source area and stream size. Along the Rogue and Apple
gate Rivers, grovel and sand predominate. Alluvium found in streams draining the foothills of the 
Cascades is characteristically dominated by grovel and cloy. Deposits along smaller streams crossing 
flat volleys ore generally rich in silt and cloy and locally high in organic material. Downcutting by 
streams has locally exposed erosion-resistant, cemented grove I horizons that ore interpreted to be carbon
ate-cemented layers of older alluvial units produced by soil-forming processes. Quaternary alluvium 
varies from 20 feet in thickness along major streams to less than a foot along minor streams. Bed rock is 
locally exposed in major stream channels. 

Quaternary alluvium is overlain by little or no soil and is subject to stream flooding, stream-bonk 
erosion, and channel change along major channels. Ephemeral stream channels and depressions ore subject 
to high ground water and ponding. Ground-water potential in the grovels of the Rogue River is good. 
Placer gold has been recovered from many alluvial channels. The unit is locally o potential source of 
aggregate. 

Quaternary older alluvium (Qoo) 

The Quaternary older alluvium, which consists of a variety of alluvial units that generally lie 
above levels of present flooding (Figure 4) and below the higher terraces, is equivalent to port of the 
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Figure 4. Quate�na�y o�de� a��uvium (Qoa) a�ong Ande�son C�eek. 
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Quaternary alluvium of Wells ( 1 956). Because of scale limitations, this unit includes Quaternary alluvium 
in some places. The unit does not include flat bedrock surfaces contiguous with depositional terrace land
forms. Major areas include the west Bear Creek valley, the Sams Valley area, and Evans and Pleasant 
Va II eys. Thicknesses range up to 60 feet. 

The Quaternary older alluvium consists of sand, silt, and clay in varying proportions throughout 
the west Bear Creek va I ley area. Layers of each of the materia Is ore complexly i nterre Ia ted, and engineer
i ng properties vary accordingly. Patterns of ground-water flow ore extremely complex. Around the edges 
of the major valleys the Quaternary older alluvium includes alluvial-fan material ond base-slope colluvium. 

The Quaternary older alluvium of Sams Valley, Evans Volley, and Pleasant Valley is a product of 
stream deposition and deep bedrock weathering. The contact with bed rock is commonly gradational, and 
much of the material is residual rather than depositional. A Iorge residual component is also present in 
much of the Quaternary older alluvium of the smaller mountain volleys. 

Soils overlying the Quaternary older alluvium consist of silty cloy loom and silty clay and ore the 
product of weathering and flood deposition. Clay-rich pans of low permeability are developed in the sub
surface. As o result of low permeabi I i ties, flat topogrophi c expression, and gentle depressions, the unit 
is subject to extensive pending and high ground water throughout much of the Bear Creek valley. Precise 
definition of the distribution of high ground-water hazard areas is difficult because of urbanization and 
agricultural practices. Stream flooding is o hazard where the unit is transitional with Quaternary alluvium 
(Qol). 
Quaternary bench grovel (Qbg) 

The Quaternary bench grove I consists of up to 70 feet of river- and stream-deposited si It, sand, 
clay, and gravel and forms the higher terraces of the study area including the Agate Desert and numerous 
smaller terrace forms along the Rogue River. The unit includes the Quaternary bench grovel of Wells 
(1956). It was probably deposited during a Pleistocene glacial period when heavier precipitation in the 
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study area caused greater erosion in the hi l l s  and increased deposition in the volleys. Subsequent erosion 
during nonglacial periods has reduced the unit to its present distribution. 

The unit is characterized by semiconsolidoted deposits of cross-bedded grovels and sand with inter
beds of dark-gray to blue-gray sand, silt, and cloy. The grovels ore commonly set in a matrix of cloy
rich material. These grovels were derived locally from tuffaceous rocks of the Cascades foothi l ls  and 
were deposited under torrential conditions. 

lnfi ltrotion rates at the surface are general ly  very low because of the high c lay content of the parent 
material. The flat landforms hove contributed to the prolonged weathering. Shal low subsurface flow of 
ground water and associated dissolution of mineral matter through chemical weathering may hove contributed 
to the characteristic patterned ground of the unit. However, the patterned ground (Figure 5) was prob-
ably inherited from vastly different soil-forming environments in the Pleistocene. The polygonal to rounded 
mounds overage 100 feet in diameter and ore bounded by lower channels Ioden with residual bol!lders and 
grovel .  On sloping ground the polygons ore elongate (see Soils) and ore transitional with dendritic ephem
eral streams. In a superficial analysis, Wells (1956) interpreted the residual boulders as the products of 
Rogue River deposition. 

The bench grovels are subject to high ground water and ponding. Septic-tank capacity of the soi ls 
is general ly  low, especially on flat surfaces. Ground-water potential of sandy and gravel ly  interbeds is 
generally good. The unit is a potential source of aggregate. 

Quaternary al luvial fan deposits {Qof) 

This unit consists of fan-shaped deposits of poorly sorted sand, silt, and grovel at the mouths of 
torrentia l-flood channels, where they spill onto other surficial units. Major fans are developed in the 
Phoenix-Ashland area, and smaller fans ore present east of Central Point and near Applegate. The Quater
nary a l l uvial-fan deposits ore transitional with other terrace units and with unmapped bose-slope colluvium • 

. Engineering properties ore highly variable; and hazards include torrential flooding, stream-bonk erosion, 
and deposition. Depths to bed rock ore variable. 

V o l c a n i c  and S e d i m e n t a ry G e o l o g i c  U n i t s  

In the study area, volcanic and sedimentary geologic units, which include a variety of consolidated 
rock units that under lie surficial  units where present, are to some extent folded and faulted and do not 
display metamorphic features. In addition, the volcanic and sedimentary geologic units do not include 
intrusive igneous rocks. The various volcanic and sedimentary rocks of the study area have a wide range 
of engineering properties and associated hazards. 

P l iocene basalt {Tpb) 

The basaltic peaks of Upper Table Rock, Lower Table Rock, and two peaks immediately to the west 
ore composed of P l iocene basalt {Figure 6) which is equivalent to the pre-Mazama basalt of Wells (1956). 
The Pl iocene basalt consists of two or more basal t  flows which presumably fil led the ancient volley of the 
Rogue River to a depth as great as 125 feet. With subsequent erosion of softer rocks in the surrounding 
area, flow remnants now form topograp!lic highs known as inverted topography. 

The basalt,  which is a grayish-block dense rock with phenocrysts of feldspar and pyroxene, is 
broken by vertical joints and short irregular subhorizontal joints of varying spacings. Much of the material 
overlying the basalt is stream deposited (Paeth, 1967) . Although the basalt is on excellent source of 
quarry rock, the process of quarrying it conflicts with the aesthetic resources of the area. Talus rubble 
on the slopes below the actual flows hove been mined on a very limited basis for quarry rock. 

Eocene and Oligocene volcanic rock {leov) 

This unit consists of most of the volcanic rocks of the Cascade Range in the study area (Figure 7) 
and is equivalent in part to the Roxy Formation of Wells { 1956) and the agglomerate and older basalt flows 
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Figure 5. Patterned ground over�ying Quaternary benah grave� (Qbg). 

Figure 6. P�ioaene basa�t (Tpb) over�ying moderate�y steep s�opes of 
Eoaene sedimentary roak (Tes) with Quaternary o�der a��uvium (Qoa) 
in the foreground. 

1 1  
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Figure 7. Southern Bear Creek valley: Eocene and Oligocene volcanic rock 
(Teov) in the distance; Eocene sedimentary rock (Tes) capped with 
Tertiary intrusive rock (Ti) in the middle foreground. 

of Wilkinson ond others { 1941) .  Exposures of dominantly tuffaceous material ore mopped separately as 
Teot (Tertiary, Eocene and 0 ligocene tuffs) . 

Rocks include hard flow rocks, breccias, agglomerates, and tuffs with interbeds of sandstone, 
bedded volcanic shale, carbonaceous shale, ond grit. The flows vary from 10 to 1 00 feet in thickness 
and ore dominated by dense to platy porphyritic andesite. Flows of basalt, rhyolite, and dacite ore 
present locally. Flows included in the unit in the Trail area may belong to a younger rock unit. 

Engineering properties of the various rock types vary considerably.  The flow rocks ore character
istical ly hard and stable with moss movement restricted to shal low depths in local areas. The agglomerates 
and other fragmental volcanics are characterized by bouldery soi Is and rock fa I I .  Soi Is over the flow rocks 
ond agglomerates are thin. Ground-water potential is general ly  low. Localities of discharge produce 
marshy areas at the bases of slopes north of Eagle Point. 

The sedimentary rocks and tuffs are general ly high in clay content and prone to extensive moss 
movement and expansion-contraction phenomena. Most landslides in the Eocene and Oligocene volcanic 
rocks occur in connection with faults or interbeds of tuffaceous materia l .  Distinction between flow rock 
and tuffaceous rock requires on-site examination. 

Ol igocene leaf prints have been recovered from the unit east of Medford {Roxy Formation of Wells, 
1956). The unit is interbedded with Eocene sandstone near Emigrant Creek. 

Eocene and 01 igocene tuffaceous rock { Teot) 

Eocene and 01 igocene tuffaceous rock consists of the larger exposures of tuffs and tuffaceous sedi
mentary rocks within the volcanic rocks of the Cascade Range foothills in the study area and is equiva
lent in part to the Colestin Formation (Tc) of Wells ( 1 956). In the study area the tuffaceous rocks may 
not be stratigraphically equivalent to the type Colestin Formation south of the study area (Monty E l l iot, 
oral communication, 1977). 

The unit, which is  exposed in the foothi l ls of the Cascades in the Antelope Creek drainage and in 
the Eagle Point area, is interbedded with the lower parts of the Eocene and Oligocene volcanic rock unit 
(Teov). 
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The unit (Teot) is equivalent to the unmapped sedimentary rocks and tuffs (Teov) and consists of vari
colored tuff and sedimentary rocks derived from volcanic rocks. It contains minor interbedded flow rock. 

The rock is soft to moderately hard, rich in cloy, and impermeable, especially where weathered. 
Hazards include moss movement, stream-bonk erosion, very low cutbank stobil ity, and severe expansion 
and contraction of overlying soi Is. Potential use for embankments and rood bose is very slight. Londfi II 
potential is good. 

A lote Eocene to Oligocene age is assigned to the unit on the basis of stratigraphic position above 
Eocene sedimentary rocks and below Eocene and Oligocene volcanic rocks. 

Eocene sedimentary rock (T es) 

This unit consists of fluvial to deltaic sandstone and siltstone of probable Eocene age in the east 
Bear Creek valley and in Soms Valley. It is equivalent to port of the Umpqua Formation of Wells (1956), 
the Umpqua Formation of Wilkinson and others {1941 ), and the Payne Cliffs Formation of McKnight (1971 ). 
It is apparently not stratigraphically equivalent to the Umpqua Formation of Diller (1898) in the Roseburg 
quadrangle because of the older age of the true Umpqua Formation {early and middle Eocene) os established 
in that or eo. 

The Eocene sedimentary rock consists of ridge-forming sandstone (Figure 8) and minor conglomerate 
and siltstone of fluvial origin in the south, grading northward into finer grained sandstone ond shale with 
rare conglomerate in the Soms Valley area. McKnight (1971) interprets deposition by north-flowing streams. 
Carbonaceous beds and traces of cool ore geographically widespread, especially in the Roxy Ann Butte 
oreo. The rocks consist, in port, of tuffaceous moteriol derived from contemporaneous volcanic activity. 
Scattered interbeds of flow rock and tuff ore exposed neor Emigrant Creek. 

Figur>e 8. Resistant cliffs of Eocene sedimentary rock (Tes) in southeast 
Bear Creek vaZZey. 
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Regolith and so i l  thicknesses ore generally thin on steep slopes. On flat surfaces the regolith 
varies from thick, deeply-wec:thered sandstone in Sams Valley to very thin, immature soil over hard, 
massive bed rock in  the southern Bear Creek valley. East and northeast of Medford, prolonged weather
ing of the tuffaceous sandstones and shales on flat valley surfaces has produced highly expansive, dark, 
clay-rich soils. 

Infiltration rates are general ly low. Subsurface flow is largely restricted to the base of the soil or 
regolith over unweathered bed rock. If this subsurface flow is located at shallow depths, it must be con
sidered in construction (see High Ground Water and Ponding). 

The unit is believed to be late Eocene in age, based on leaf fossils recovered from it in the southern 
Bear Creek valley (McKnight, 1971). In addition, the upper parts of the unit are interbedded with the 
Eocene and 01 igocene volcanic rocks (Teov). 

Cretaceous sedimentary rock (Ks) 

Sedimentary rocks of Cretaceous age include fault-bounded patches in the hi l l s  west of Bear Creek 
valley, buried strata beneath the western part of Bear Creek valley, and an isolated fault-bounded ex
posure i n  the Graves Creek area northwest of  Wimer. Cretaceous sedimentary rock {Ks) of this report is  
equivalent to the Hornbrook Formation of Wells  { 1956), part of the Umpqua Formation of Wells { 1956), 
and the Hornbrook Formation of McKnight (1971 ). The unit is possibly equivalent to the Hornbrook and 
Hilt Formations of E l l iot { 1971),  south of the mapped area. 

In the Bear Creek valley, the unit consists of hard conglomerate and sandstone overlain by mudstone 
with thick sandstone interbeds. At Graves Creek, the unit consists of thin basal conglomerate overlain 
by gray sandstone. In the Ashland area, the sandstone and mudstone are mapped separately by McKnight 
{ 1971 ) .  

Infiltration rates are general ly  low, but ground-water potential is good at certain horizons along 
the west side of the Bear Creek valley and possibly along major faults. Weathering has produced a thick, 
clay-rich, lateritic soil over large areas. Where soils ore thin over ridge crests, regolith of side slopes 
is commonly thick, indicating active creep. Significant mass movement of other types is rare. 

A Middle Cretaceous age (Cenomanian and Turonian) is assigned to the Cretaceous sedimentary 
rock unit in the Bear Creek valley area (Popenoe and others, 1960), and Early Cretaceous age (Albian) 
is assigned in the Graves Creek area (Peterson, 1967). The Cretaceous record of southwestern Oregon 
consists of numerous, partially preserved units of various ages; and further stratigraphic study is needed. 

Galice Formation (Jg) 

The Galice Formation consists of slates, shales, and associated sedimentary rocks of Jurassic age 
that are younger than the metamorphic rocks and older than the Nevadan intrusive rocks. It is equiva
lent to the Galice Formation of Wilkinson and others { 1941 )  and limited in distribution to remote parts of 
the Wimer quadrangle. 

Rock types include distinctly bedded slate and dark-gray to black shale with subordinate sandstone 
and conglomerate in thin beds that measure up to a foot or less in thickness. lnfi I trot ion rates are low, 
and ground-water potential is negligible. Major hazards include severe erosion potential, steep-slope 
failure, and low cutbank stabi lity, especially in areas of unfavorable dips or jointing. 

A Late Jurassic age is assigned to the unit on the basis of information from other localities in the 
Riddle quadrangle { Dil ler and Kay, 19 24). 

M e t a m o r p h i c  G e o l o g i c  U n i t s  

Metamorphic rocks ore derived from pre-existing rocks by temperature or pressure extremes beneath 
the zone of weathering. Metamorphic rocks generally have different mineralogic and structural character
istics than those of their parent rocks. In  the study area the metamorphic rocks, which are generally very 
hard and jointed, break into angular chips and slobs. Some of the metamorphic rocks ore strongly foliate; 
that is, they possess closely spaced parallel planes of structural weakness that are the result of metamorphism. 
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Figure 9. Metamorphosed volcanic roock of the Applegate Fo1'11tltion ('ilav) 
along the Applegate Rivero. 

Volcanic rocks of the Applegate Formation (J�av) 

1 5  

The volcanic rocks of the Applegate Formation ore equivalent to port of the Applegate Formation 
of Wells ( 1956) and to the metovolconics of Wells and others ( 1940). They ore exposed in the Applegate 
drainage (Figure 9), in the mountains southwest of the Bear Creek volley, and in the lower Evans Creek 
area . The volcanic rocks dip steeply to the southeast in the Applegate River area and steeply to the 
northwest in the Ashland area. 

Rocks mopped as "Rov include a ltered Iovas, flow breccias, pyroclastics, minor tuffaceous sedimen
tary rocks, chert, argillite, and limestone. Unlike their unmetomorphosed equivalents, however, these 
rocks ore generally hard and display fairly uniform engineering properties. In the north the rocks apparently 
grade into the May Creek Schist ('"Rmc) with increasing metamorphism. 

Regal ith and soi I are thin along ridge crests and side slopes but generally thick at the bases of slopes 
because of slope-wash deposition, creep, and weathering. Hazards include torrential-flood potential; 
steep-slope failure, especial ly  in the upper reaches of streams; and severe erosion. Infiltration rates ore 
low, and ground-water potential is minimal. Metal I ic minerals hove been recovered from the unit near 
diorite intrusions. 

Sedimentary rocks of the Applegate Formation ('kos) 

The sedimentary rocks of the Applegate Formation ore equivalent to part of the Applegate Formation 
of Wells ( 1956) and to the metasedimentary rocks of Wells and others (1940). Their distribution is similar 
to that of the volcanic rocks of the Applegate Formation. 

Rock types include altered tuffaceous sedimentary rock; block, fine-grained, platy argillite; gray 
chert; and limestone or marble. The sedimentary interbeds typically form thin northeasterly trending 
bands within the Applegate Formation. Because of scale l imitations, minor amounts of volcanic rock ore 
also included i n  the unit. 

Unlike unmetamorphosed equivalent rocks, these rocks ore generally hard, with fairly uniform 
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engineering properties .  Un l i ke the me tavo l canic rocks d iscussed above , however, t hese rocks disp l ay 
variable engineering properties after be ing weathered . On gent l e  slopes, t he argil l ite weat hers to a 
thic k ,  cl ay -ric h regol ith  with low cutbank stabil ity . T he c hert weat hers to a regol i t h  of fine chips . 
When fresh, t he sedimentary roc ks form steep s lopes w it h  moderate to severe erosion potent ial . Mass 
movement is restri cted to steep -sl ope fai I ures . 

Ground-water  potent ial  is low . Limestone and sil i ca have been mined locally . 

May C reek Sc hist C'Rmc) 

T he May Creek Sc hist is  a medium-grade metamorp hic equival ent of ot her roc k  units including the 
vol canic and sedimentary ro cks of t he Appl egate Formation and possibly the Galice Formation ( Kays, 1 970) . 

It is eq uival ent to the May C reek Sc hist of Wilkinson and ot hers ( 1 941 ) and is exposed west of Sams Val l ey 
and east of Evans Valley . Simil ar roc ks are exposed west of Mount Ashl and , out of t he study area (Wel l s ,  
1 956) . Because the distribut ion o f  the May Creek Sc hist is  apparently contro l l ed by the d i stribut ion o f  
large diorit i c intrusions, t he un it  may represen t loca I contact me tamorphism surrounding t he intrusive 
bodies during t heir emp lace ment in Late Jurassi c  (Nevadan) times ( K ays,  1970) . 

Major rock types inc l ude mica s late , mi ca schist, and metamorphosed mafic volcanic rocks . T he 
roc k, w hic h is typi cal l y  very hard , is p l aty to strongly fo l iate , jo inted, and fractured . Major hazards 
inc l ude se ve re erosion potent ial and steep-slope fail ure . Cutbank stabil ity is moderate to low as a 
function of loca l jointing and fractures . Regol ith thi ckness is low on crests and side slopes but local ly  
thi c k  at  the base s of slopes in  areas of coll uvial accumulat ion . Ground-water po tent ial i s  low . Potential 
for use as aggregate is  low because of fo l iation and t he presence of m i ca ,  whi c h  readil y weathers to clay . 

I n t r u s i v e G e o l o g i c  U n i t s  

Intrus i ve rocks are roc ks that are emp l aced as a uni t  into pre-existing rocks and then exposed at the 
eart h' s surface by erosion . Most intrusive rocks are igneous and are characteri zed by mass ive ( homogenous , 
non-p l anar) tex tures . Intrus i ve roc ks of no nigneous origin (e . g .  serpentinite) generally possess planar 
fabric .  T he spe c i fic manner of empl acement of i ntrus ive rocks strong ly influences t heir engineering 
propert ies.  

Diorite and granod iorite ( K Jd) 

T hese crystalline rocks are composed of med i um to coarse grains of fe ldspar and hornbl ende or 
pyroxene . In add i tion , granod ior i te contains grains of q uartz t hat are generally eq uigranu lar and inter
locking . Genera l l y ,  there is no si lic eous glass . 

Diorite and granodiorite are exposed in large bod ies a long t he Applegate Ri ver,  at t he Ashland 
pluton , and in Evans V al l ey .  T he roc k  bod ies are probably muc h  more extens i ve in t he subsurface . Rocks 
of the Ashland pluton are primaril y quartz diorite , but rock types vary from diorite to granite . Availabl e  
radi ometric ag e dates revea l  a Late J urassic age of 146 t o  147 m i  I lion years ( Lanphere and others , 1 968) . 

The diori te and granodiorite are hard in areas of youthful topography as in the Ash land p l u ton and 
t he steeper sl oping areas of Evans Val l ey .  Steep-slope mass movement is favored by jointing pat terns, 
co l luv ia I po c kets, and t he s ilty to sandy texture of the soi I .  Erosion po tential i s  severe . C utbank 
stability is ex tremely variable as a funct ion of jointing patterns . Potential for quarry rock is limited in 
many places by t he steep sl opes , low cutbank stabil ity,  and dept h of weat hering along j oints . Crushing 
characteristics are poor to good (see Mineral Re sources) . 

T he diorite and granod io rite in gent l y  sloping areas of olde r topography at Missouri F l at and in 
muc h  o f  t he E vans Valley is deeply weat hered and of poor quality for use as quarry roc k .  Infilt rat ion 
rates are high, however, and ground-water po tential is very good . Al t hough muc h  of the metal l ic m ineral 
wea l t h  of the study area is c l ose ly  re l ated to intrusion of t he diorite and granod iori te , the location of 
me tal l ic minerals is not restricted to reg ions ad jacent to mapped outcrops of t he unit because i ts distribu
tion is far greater at dept h. 
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Gabbro (K Jgb)  

Gabbro is  a dark-col ored igneous rock composed pri mari l y  of ca l c ic p lagioc l ase fe l dspar and 
pyroxene . I t  is exposed a t  Go ld  H i l l and a pparent ly grades i nto t he ne ighbori ng granod ior ite . T he 
gabbro is deeply weathered to a rusty-red so i l  and rego l i th; weat her ing pe netrates to cons iderab le  depths 
a long ma jor joi nts . T he gabbro is the s ite of the Go l d  H i l l pocket , a go ld lode of cons iderab le  produc
t ion in  the past . G round -water potentia l i s  very low .  

Use of the rock for concre te agg regate i s  l im i ted by steep s lopes, thick regol i t h ,  the l oca l presence 
o f  su l phides , and coati ngs of i ro n  sta i n  a l ong jo ints i n  t he zone of weathering . 

Serpent in i te ( sp) 

Serpent i n i te is a rock cons is t ing primari ly of  serpe ntine m i nera l s , wh ich  are s imi l ar to c l ay m i nera l s 
i n  structure and have h ig h  concentrations of i ron  and magnesi um . Serpe nti n i te of th i s  study i s  equiva lent 
to the se rpent ine of We l l s  ( 1 956) a nd We l l s and others ( 1 940) .  

Serpent in i te i ntrusions probab ly  have ma ny or ig ins i n c  I ud ing ( 1 )  the a l terat ion and deformation of 
u l tramafi c roc k (h igh in i ron a nd magnesi um and low in s i l i ca)  a nd (2) the i ntrusi on of serpentin i te i nto 
the earth 1 s  crust on the sea f loor . Techn ica l ly ,  serpenti n i te is not an igneous roc k, and the i ntrusion is  
accom p l i shed l arge ly by sheari ng and deformation rat her than by f lu id i n ject io n .  Serpe nt i n i te shears 
read i l y under te cton ic  stresses a nd commonly i s  remobi l i zed a long fau l ts dur ing mou nta i n  bui l d i ng . T he 
serpentin i te of t he study area is genera l ly assoc ia ted wi th  fau l ts and i s  strong ly sheared , whi c h  great ly 
i nf l uences i ts engineer ing  prope rt ies . 

Serpent in ite i s  c haracter ized by h igh ly  var iab le  engi neer ing p roperties and a high potent ia l for 
deep mass movement .  Weather i ng advances a l ong shear p l a nes to produce bo u lde ry ,  c l ay-r ich  soi l s .  
Fert i l i ty i s  genera l ly l ow ,  and vegeta t ion i s  spa rse . lnfi l tra t ion rates are low ,  and ground-water potent i a l  
is  m in i ma l . Serpent i n i te i s  not sui tab le for quarry rock or fi l l . F i ne ly d ispersed chrom ite o f  noneconomi c  
val ue i s  assoc iated w i th the o l iv ine that i s  present i n  the serpent i n i te . 

Tert iary i ntrusi ve rock (T i )  

Tertiary i ntrusive rocks are igneous rocks whi ch were emp laced a t  depth duri ng peri ods o f  Eocene, 
O l i gocene , a nd ,  poss ib ly ,  l ater  vo lcan i sm .  T he rocks form si l l s ,  stocks, and d ikes tha t a re exposed as  
k nobs and ridge crests in  t he eastern parts o f  the Bear Creek va l l ey and i n  t he Eag le Po i nt area . Rock 
types are genera l ly coarse gra ined and i n c l ude diorite and gabbro . Fart her  to the east ,  out of t he study 
a rea , i ntrus ions of basa l t  are more common (We l l s, 1 956) . 

T he i n trus ive rocks are fresh to deep ly  weathered , wi th  a variety of e ng i neer i ng propert ies .  Cut
bank stabi l i ty is  variab l e ,  depe nd i ng upon rego l i th th ickness and jo i nt i ng patterns . Potent ia l fo r use as 
q uarry rock is l im i ted loca l ly by s l opes, th ickness of rego l i th ,  jo i nt i ng ,  and aesthet ics .  Ge nera l ly 
speak ing ,  no si I i ceous g l ass is present in the i n t rusive rocks . 

B e d r o c k  S t r u c t u r e 

Bedrock structure re fers to t he genera l d isposit ion and spat ia l re l at ionsh ips of the bedrock un i ts .  A 

knowledge of structure is va l uab le in extrapo lat ing geolog ic  i nformation; a nd i n  t he study area , a pre
l im i nary rev iew of t he st ruct ure i nd icates t hat ( 1 )  m i nera l i zat ion i s  common ly  assoc iated wi th  fa u l ts and 
possib ly w it h  fau l t  zones; (2)  deep bed rock s l ides are co ntro l led pr imari ly by fau l ts; (3) because no Qua
ternary un its are cut  by fau l ts ,  no act ive fau l t i ng occurs at the surface; and (4)  steep-s lope l ands l ides in  
d ist i nct ly bedded un i ts a re contro l led large ly  by the geometry of ma jor fo ld s .  Each of t hese conc l usions 
is based on reconnai ssance i nformat ion ,  subject to refinement w i th  more deta i led study . 

Reg iona l sett i ng 

I n  sout hwestern Oregon six ma jor assoc iat ions of rock un i ts are re cogn ized by Irw i n  ( 1 966) , a nd 
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each are bounded by major structures or major unconformities. In Jackson County the western Paleozoic 
and Triassic section is made up of the Applegate Formation ('�as, "Rav), May Creek Schist C'Rmc), and 
diorite and granodiorite (KJd) (Figure 10). Cenozoic rocks ore represented by Eocene and Oligocene 
volcanic rocks and tuffaceous rocks (Teat, T eov ), and the western Jurassic section is represented by the 
Galice Formation. Each association of rock represents a major tectonic or depositional episode and, in 
general terms, is represented by o unique association of rock types, engineering properties, and mineral 
potential. 

-
Upper Cretaceous 

shelf deposits 

-
Western Jurassic plate 

Cenozoic rocks 

EXPLANATION 

Western Paleozoic 
and Triassic plate 

Uppermost Jurassic and 
Lower Cretaceous shelf 
deposits. 

f,i!?�t?�·�yiDJ 
Uppermost Juras s i c  

and Cretaceous plate 

� 
Contact 

Thrust fault 

Figure 10. Regional geology of southwestern Oregon (after Irwin, 1966). 
Jackson County outlined in b�ck. 

Local structure 

Major faults ore indicated on the geologic mops accompanying this text. Major features include 
the Bear Creek volley, Sams Volley, and regional structures of the Applegate Formation ("Ros, Rav) and 
the volcanics of the Cascade Range. Significant relationships of major structures to hazards and engineer
ing properties of rock units ore discussed elsewhere. 

Major uplift during o long period of geologic time has produced the mountains west of the Bear 
Creek volley. Detailed stratigraphic analysis indicates that uplift began in  the Cretaceous, and eastward 
tilting of Cretaceous strata indicates that it continued into the Tertiary (El l iot, 1971 ). Since the Late 
Cretaceous, the dominant structural style has been one of hinged vertical movement along o narrow zone 
very close to the present eastern boundary of the K lamath Mountains (Ell iot, 1971). Vertical uplift south 
of the Ashland fault marks the southern boundary of the Bear Creek valley. At present there is no field 
evidence to suggest that the surface faults are sti l l  active. 



G EO LO G I C  U N I TS - BEDROC K S TRU C TU R E  1 9  

A ma jor zone of nort heasterly trending vert i cal faults  a long the west edge of Sams Va l ley separates 
late Eocene sed imentary roc k  in t he va lley from t he May C reek Sc hist to the west . Fault ing probably 
occ urred in t he O l igocene or M iocene beca use the ancestral Rogue R i ver was establ ished near i t s  present 
locat ion as ear ly  as t he PI iocene (see PI iocene basa It ) .  Di splacement of units  a long the foul t exceeds 
several t housand feet . 

Bedd i ng w it hi n  the App legate Format ion para l l e l s  t he reg ional struct ure . Many of t he contacts 
between interbeds are possi ble bedd ing-plane fau l ts .  T he uni t d ips steep l y  to the sout heast in t he App le
gate drai nage and steep ly to the nort hwest i n  t he east Bear Creek valley a rea , s trongly suggest i ng a large 
downwarp . Large nort h-trend ing fau Its are i nferred in t he Sams V alley area near the C reta ceous and 
J urass ic d iori te and granodiori te unit ( K Jd ) .  

T he Eocene and Oli gocene volcani c rocks (Teov) and tuffa ceous rocks (Teot) are chara c terized by 
numerous sma ll joints and fa ults,  many of whic h probably are rela ted to volcanic  ac t i v i ty . Promi nent 
struct ures of ol der rock uni ts general l y  do not appear to deform t he volcani c  uni ts ,  except possibly in the 
southern Bear Cree k valley area . Volcanic deposi t i on is ex tremely complex , and interpreta tion of s truc 
ture on a reg iona l bas i s  req u i res intens i ve invest igat ion beyond t he scope of t hi s  report . 
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EN G I N E ER I N G  PRO PERTI ES  OF G EO LO G I C U N I TS 

G e n e r a I 

Tab le  3 re lates 1 7  rock  u n i ts i n  the study area to 1 0  phys ica l propert ies , five rego l i t h  propert ies , 
t hree dra i nage propert ies,  and 1 2  hazards .  Rock un its i n  th i s  i nvest igat ion are defi ned primari ly on the 
bas is  of rock type . Consequent ly,  each un i t  i s  characterized by a fa i r ly  d i st i n ct assoc iat ion of eng i neer
i ng propert ies . Tab l e  3 is a too l for re lat i ng the geolog ic  maps to spec i f i c  parts of the text and is a gu ide 
i n  the effi c i ent use of th i s  b u l l e t i n .  

P h y s i c a l  P r o p e r t i e s  

Hardness 

Hardness of a rock refers to t he re s i sta nce to crus h i ng ,  abras ion,  or deformation u nder st ress .  It i s  
a bas ic  factor i n  quarry -rock po ten t ia  I ,  fou ndat ion strength ,  and excavat ion d i ffi cu I ty of a rock un i t .  
Hardness is  determ i ned by  the  composi t ion ,  cementa t ion , a nd weather i ng of a roc k a nd the manner i n  
wh ich  const i tuent  gra i ns a re geome tr i ca l l y arranged o r  i n ter locked . 

I ntrus ive ,  metamorph i c , a nd vo l can ic rocks of the st udy area a re genera l ly very hard , a l t hough 
t here i s  some va riat ion on t he bas i s  of spec i f ic  rock type . T he abras ion res i stance of g ran i te and grano
d ior i te is l ess t han that of othe r  i nt rus ives be ca use the g ra i ns are not as we l l  i nte r locked in the i r  arra nge
ment . The resu l t  i s  a genera l l y lower potent i a l  for use as crushed ro c k .  Se rpe nt i n i te hard ness i s  h igh ly  
variab l e  w i t h degree o f  shear ing . Sed imentary rocks va ry from fa i r ly  hard to  soft; surfi c i a l  rocks are 
genera l ly so ft , w i th  t he except ion of hor izons of bench  grave l wh ich  are cemented w i t h  ca l c i um carbonate . 

P hys ica l and chemica l weather i ng red uce the hard ness of a rock and are concentrated a long zones 
of  weakness i nc l ud i ng jo i nts ,  fau l ts ,  frac tures , and bedd i ng p lanes .  On f lat terra i n ,  weathered materia l 
a nd so i l  may be read i ly removed by s lope e ros ion from rocks w i th l ow i nfi l trat ion rates . Conseq uent ly , 
a reas of low s lope are commo n ly  not a reas of deep weather i ng and reduced bedrock hard ness . I n  pre l im i nary 
determ i nat ions of bedrock hard ness , cons iderat ion shou ld  be g ive n ,  f i rs t ,  to rock  type; second , to depth 
of weather i ng; and th i rd ,  to s l ope . 

Joi nt deve lopme nt 

Joi n ts are surfaces of act ive or potent ia l  fracture or part i ng i n  rocks (F igure 1 1  ). Jo i nts d i ffe r from 
fau l ts in t hat  they are not surfaces of actua l  disp laceme n t; t hey d i ffe r from bedd i ng p lanes in t hat they 
a re not pr imari ly the resu l t  of deposi t ion and contrast i ng rock types . From an eng ineer i ng sta ndpo i nt ,  
jo i nts are surfaces of weakness w i t h  i n  a rock . Jo i nts inf l uence fo undat ion stre ngth ,  cutbank stabi  I i ty ,  
excavat ion d i ffi cu l ty ,  i nf i l trat ion rates ,  weat her i ng ,  and  s l ide poten t ia l . 

Jo i nts are formed by coo l i ng st resses i n  i gneous rocks,  pressure stresses i n  metamorph i c  rocks,  and 
the effects of rock decay in wea theri ng . Metamorph i c  rocks i n  the study area are characte rized by i rreg
u lar and ang u lar  jo i n ti ng of va ry i ng densi ti e s .  Jo i nt pat terns in metavo l can ic  rocks are genera l ly coarser 
t han those i n  me tased imentary rocks.  Fo l ia tion ( fi ne l y  spaced para l l e l  jo i nts) i s  deve loped i n  the May 
Creek Sch ist; broke n rock from this  un i t  i s  gene ra l l y p l anar and i s  not su ited to use for l arge embankme nts 
or fi l l .  

I gneous i ntrus ive rocks are characterized by b l ocky jo in t i ng  o n  a l l sca les .  Quarry-rock potent ia l i s  
genera l ly good but var ies w i t h  loca tion . Se rpe nt i n i te i s  ge nera l ly h igh ly  sheared , w i th numerous i rregu l ar 
weak surfaces . Jo i nt i ng patte rns of vo l can i c  rocks vary from moderate ly  spaced b locky jo i nts in fresh  
basa l t  to  i rregu l ar ly spaced j o i n ts i n  breccias and agg lomerates . Crush i ng character i st i cs of brecc ias  and 
agg lomerates are considerab ly lower i n  q ua l i ty tha n t hose o f  basa l t  f lows . 
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Table 3. Engineering properties of geologic units, central Jackson County, Oregon 
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Jointing of bedded sedimentary rocks is generally perpendicular to the bedding planes. Joints ore 
widely spaced in the sedimentary rocks of the study area; consequently, infi ltration rates of surface water 
ore low for gently dipping strata. Surficial geologic units are not consolidated and ore therefore not 
jointed. 

Jointing is o critical property of rock in terms of several hazards and engineering practices. Al
though general observations ore mode here, specific determinations must be mode on o site-by-site basis. 
For example, jointing properties of o specific quarry rock may be determined by blasting tests and core 
sampling as well as by routine field examination. 

Bedding di  st inc tness 

Bedding refers to the arrangement of sedimentary rocks in  beds or layers. Distinctness refers to the 
degree of difference in rock type and resistance to erosion between adjacent bedded layers. Where bedding 
distinctness is great, various layers of rock generally hove signifi contly different engineering properties. 
In the Eocene sandstone (Tes), layers of hard sandstone o I ternote with layers of softer si ltstone or shale, pro
ducing o sharp distinction between beds (Figure 12). In the Cretaceous sandstone { Ks), rock types ore 
equally variable, but bedding is less distinct because of subtle variations in the environment of deposition 
and other factors such as thickness of individual beds. Different layers of rock in the Galice Formation 
{Jg) are composed primari ly of mudstone, and bedding distinctness is generally not o concern. However, 
porting or jointing between adjacent shale interbeds is well developed, and o high rating of bedding 
distinctness is warranted from on engineering standpoint. 

Where distinct interbeds ore ti lted steeply toward a cut or steep slope, the surface between any two 
beds is often o plane of weakness. The contact between two beds with vastly different permeabi lities may 
also be a locus of ground-water accumulation and flow. Thus, steeply dipping distinct interbeds often 
define surfaces of slope failure and are o major factor in low cutbank stabi lity. 

Foundation strength 

Foundation strength is the capacity of o rock to support structures. It is determined largely by rock 
hardness, weathering, jointing, and bedding. An additional concern is variation of rock type beneath 
the surface. Foundation strength is studied by o variety of tests and is generally rigorously investigated 
prior to major construction. Construction techniques for dealing with low foundation strength include 
innovative foundation designs, drainage control, prelooding, use of piling, and actual avoidance of 
critical areas. 

Foundation strength of igneous, metamorphic, volcanic, and sedimentary rocks in the study area 
is moderate to high in unweathered areas. It is generally adequate for most types of construction, On 
steep slopes, mass-movement potential is a closely related hazard that also warrants attention. 

Foundation strength of terrace surficial deposits (Qoa, Qof, Qbg) is generally good, but the 
precise nature of subsurface material should also be determined. Differential settling may occur over 
uncompacted clay, saturated silt, and organic cloys and silts. Alluvium in small low-gradient channels 
on terraces is commonly rich in cloy and organic material and generally has low foundation strength. 
Cloy-rich soils {see Expansion-contraction) hove low foundation strengths. 

Excavation difficulty 

The difficulty with which rock material is excavated is determined by rock hardness, jointing, 
bedding, and weathering. Rock of considerable hardness con be excavated with relative ease if planes 
of weakness effectively separate it into smal l  manageable pieces. Excavation difficulty is significant in 
planning for all underground facilities including basements, utility lines, sewer lines, and road construction. 

Igneous intrusive rocks of the study area generally require blasting for Iorge excavations and quarry 
operations except in areas of deep weathering. These, determined by on-site investigation, generally 
vnderl ie gently sloping terrain in volleys. In contrast, regolith over intrusive rocks on ridge crests is 
generally thin. Volcanic and metamorphic rock units also require blasting for Iorge excavations. 
Heavy equipment may be adequate for minor excavations and for excavations in the weathered zone . 
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Figu:re 11. BZoaky, mode:rateZy spaaed joints in g:ranodio:rite (KJd). 

Figu:re 12. Distinct bedding in Eoaene sedimentary :rook (Tes) of southern 
Bea:r C:reek vaZZey. Note thin soiZ. 
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T uffaceous rocks (Teot and part of Teov) ca n ge ne ra l ly be excavated w i t h  heavy equ ipment . D i f
fic u l ty i n  excavat ion of sed imentary rock  un its (Tes and K s) is var iab l e ,  depe ndi ng on dept h of wea ther ing 
and rock type . Sha le s  a nd s i l t stone are more easi ly  excavated tha n cemented sandstone . Eocene sedi 
me ntary rock is deep ly  weat hered in Sams Va l ley but is esse nt ia l ly  unweat hered over l arge , gent ly s loping 
areas east and sout h of Medford . Surfi c ia l  depos its are eas i ly excavated ,  w i t h  t he possi b l e  except ion of 
loca l hor izons of ca l c i te-ceme n ted sand and grave l i n  the subsurface of the Qua ternary be nc h grave l .  

Cutbank stab i l i ty 

C utbank stab i l i ty is resi stance to fa i l ure or s l i d i ng i n  art i fi c ia l  cuts . Remova l of mater ia l from t he 
cut provides a s i te for possib l e  s l i d i ng if s hear stre sses of the reformed s lope exceed shear res ista nce . C ut
bank stab i l i ty i n  bed rock  i s  determi ned l arge ly by surfaces of least stre ngth i nc l udi ng jo i nts , fa u l ts,  d i st i nct 
bedd i ng p lanes , c lay hor i zons,  and avenues of ground-water f low . 

C utba nk stabi l i ty i n  i ntrusive geo log ic  un its of the study area is governed l arge ly by jo i nts i n  deep 
cuts and by the co ntact  betwee n rego l i t h  and bed rock in sha l low cuts .  Sout h of Ash l a nd l arge s l ides i n  
d iorit ic  te rra i n  ( K Jd )  onto H ighway 1 -5 are caused b y  unfavorab le  jo i n t i ng patte rns . I n  t he Ash l and 
watershed , sha l low debr i s  f lows are ge nera l l y caused by wa ter in t he so i l  and t he remova l of col l uv ia l  
mater i a l  in  road cuts . Shear p l anes a nd h igh  c l ay co nte nt contr ibute to  t he  low cut bank stabi l i ty of 
serpent i n i te (sp) . 

I n  vo l ca n i c  a nd sed ime ntary ro cks ,  c utbank stab i l i ty is adverse ly affe cted by joi nt i ng i n  vo l can ic  
rocks a nd by undercut t ing  or ground-water f low w here co ntrast i ng rock types are i nter layered . I n  d ist i nct ly 
bedded sed imentary rocks (Tes, Ks, Jg), beds d ipping steep ly  i nto cuts reduce cutbank stab i l i ty . Jo in ts 
and unfavorab ly di ppi ng sch i stosi ty adverse ly  a ffec t  c utba n k  stabi l i ty i n  metamorph i c  roc ks (T�av , "Ras , 
"Rm c ) .  

Factors i nf l uenc i ng cutbank  stab i l i ty i n  u nconso l idated mater ia I i nc lude ground water , coh esi on , 
density of mater ia l , he ight  of cut ,  and ang l e  of cut . Spec i fi c  stabi l i ty assessme n ts a re the task of t he 
c ivi l or so i l s  eng ineer . T hick unconso l i dated mater ia l in the st udy area inc l udes surf i c ia l  geo log ic un i ts 
(Qa i , Qoa , Q bg ,  Qaf) ,  deep l y  weathered bed ro ck,  and base slope co l l uvi um ( see Rego l i t h-T hickness 
on steep s l opes) . C lay -r ich  so i Is deve loped loca l ly  on f lat va l ley l a nd forms over mudstone of the Eoce ne 
sed ime ntary rock (T es) , arg i  I I  i tes of the App legate Formation CRas),  and Eocene tuffaceous rock (T eot) 
are pa rti c u l ar ly  prone to cutbank fa i I ure . Surfaces of fa i l ure are typ ica l l y ge nt ly  d i pp ing ;  and affected 
areas are genera l ly large , re lat ive to th e he igh t of the cut . 

S lope i nte ns i ty 

S lope i nte ns ity or t he steepness of s lope is genera l ly measured i n  percentage of s lope or degree of 
r ise . T he perce ntage of s lope is de termi ned by d iv id i ng the vert i ca l  change i n  e l evation by hor izonta l 
d istance and m u l t ip ly ing by 1 00 .  I f, for examp le , e l evat ion increases by 1 0  feet over a hor izonta l d i s tance 
of 1 0  fee t ,  s l ope i ntens i ty i s  1 00 percent . S lope i nte nsity der ived from maps is  an average of var iab le  
loca l s l opes because of the large contour in terva l s  and the sma l l  map sca le  compa red to  the  s i ze of typ ica l  
s i tes under i nvest igat ion . 

Steep s lopes ge nera l l y occur over hard bed rock i n  areas of youthfu l  topograp hy . Rock types i nc I ude 
the metamorph i c ,  i nt rusive , and vo lcan ic  rocks of the study area . Deep weat her i ng a l ong jo i nts , fa u l ts, 
and o ther zones of weakness produces ge n t l e r  s lopes loca l l y .  T he evo l ut ion of l arge -sca l e  erosi ve land
forms suc h as  r iver va l l eys p rod uces f lat s lopes over hard bed rock by processes other  than loca l rock weath
eri ng . Parts of  t he gent ly s l op i ng Bear Creek  va l l ey a re  unde r l a i n  by  hard bed rock . 

Surfi c ia l  depos its are characteri zed by ge nt ly s lop i ng to fl a t  terra i n .  La ndscape evo l ut ion is a l so 
a considerat ion in s lope i nte rpre tat ion . For examp l e ,  a l thoug h t he P l ioce ne basa lt  is hard , it forms f lat  
terra i n  beca use i t  f lowed into an  anc ient river channe l and coo led w i th  a f lat  surface . 

S l ope i nte nsi ty is the most crit ica l factor in de term in i ng so i l -eros ion potent ia l and a major factor  
i n  t he determ ination of t he d i str ibut ion and nature of mass moveme nt ,  runoff, and torre nt ia l f lood i ng . 
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I nfi l tra t ion rate 

I nfi l trat ion rate is defi ned here as the ge ne ra l rate at w h i c h  s urface water perco l a tes i nto geo l og i c  
u n i ts . T he co ncept i s  q u a  I i tat i ve ,  a nd statements are based o n  professiona I j udgment ra ther  t ha n  actua I 
measurements . I n fi l tra tion ra tes , wh i ch are determ i ned by roc k permeabi l i ty , jo i nts , fra c tures,  and ori e n 
tat ion of bedd i ng ,  are s i g n i fi cant i n  terms o f  l a nd fi l l  potent ia l ,  dra i nage , grou nd -water potent i a l ,  and 
stee p-slope mass moveme nt . 

Because i nfi l tra t io n  ra tes in metamorp hi c ,  vo l can i c ,  and sed imentary rocks are gene ra l l y l ow ,  
ground -water pote nt i a l  i s  a l so l ow i n  t hese rock u n i ts . Deep ly  weat hered granod ior i te ( K J d) i s  fi ne l y 
fra ctured , howe ve r,  and i s  c haracte r i zed by mode rate i nfi l t rat ion ra tes and h i gh ground -water pote nt i a l .  
I n  areas o f  steep ly  s loping te rra i n  over fres h  gra nodior i te , bedroc k i nfi l tra t i on rates are lower tha n i n  t he 
over lyi ng si l ty c o l l uvi um; and ground -water f l ow i s  restr i c ted to th e i nterface between th e bed roc k and 
co l l uv i um .  Joi nted f low rock in t he Eocene and O l igocene vo l ca n i c  rock (Teov)  may have moderate 
ground -water pote nt i a l l o ca l ly .  Serpent i n i te  i s  esse n tia l ly im perme a b l e . Sc h i stose me tamorp h i c  rocks 
(Rmc) d i sp l ay mode rate to l ow g ro u nd -water pote nt i a l  l oca l l y .  In areas of  fa u l t i n g ,  ground-water pote n
t i a l  may be moderate to good , regard l ess of ro ck type . 

I nf i l trat ion  rates of ri ver a l l uvi um (Qa l )  and fa n deposi ts ( O a f) a re h i g h ,  and ground-water potent ia l 
of Q uate rnary a l l uv i u m  (Qa l )  i s  ve ry good . Water perco la tes s low l y  i n to the be nch gra ve l s  (Qbg ) a nd 
Q uate rnary o lder a l l uv i um (Qoa ) beca use o f  c l ay hor i zons at sha l low depths . 

Landfi l l  pote nt i a l  

Landfi l l  pote nt ia l i s  t h e  capa c i ty of  a ro ck u n i t  t o  be used suc cessfu l l y as a s i te for t he san i ta ry 
d i sposa l of so l id waste . Idea l l andfi l l  s i tes  are chara cte r i zed by gent le s lope s ,  low i nfi l t ra t ion ra tes, 
low gro und -wate r tab l e ,  ease of excava t i o n ,  and iso l at ion frorh ove r l a nd f low . Much of t he Eocene a nd 
0 1  igocene tuffa ceous rock (T eo t)  meets t hese spec i fi ca t i ons . 

M a j or sed i me ntary rock u n i t s  of the st udy a rea (Tes , Ks )  meet these spe c i fi cations i n  p l a ces,  but 
h ig h  permeab i l  i t ies  are poss i b l e  loca l l y .  Excavation d i ffi c u l ty i s  va riab le . Major  prob lems asso c i a ted 
w i t h  i ntrus ive geo l o g i c  u n i t s  i n c l ude h ig h  excavat ion di ffi c u l ty ,  steep s l opes ,  a nd i nfi l t rat ion a l ong 
joi nts . T he use of qua rry s i tes for l andfi l l  s i tes  e l i m i nates excavat io n  d i ffi c u l ty as a cons iderat ion  b ut 
req u ires carefu l  ana lysis  i n  terms of over l a nd flow , l eac hate prod uct ion , and adequate cove r i ng . Soi I s  
i n  gra n i t i c a nd d ior it i c  te rra i n  are characte r ist i ca l ly s i l ty a nd pe rmea b l e . 

Eocene and O l igocene vo l c a n i c  rocks (Teov) a re h ig h ly va r iab l e  i n  terms of a l l  ma jor  l a nd fi l l 
potenti a l  fac tors . Some serpent i ni te may be su i ted for landfi I I  use o n  gent le  s lopes , bu t th ese roc ks are 
geograph i ca l l y iso Ia ted from demand centers . Su r fi c i a  I geo log ic un i t s  a re ge nera l l y fa vora b l e  except i n  
terms of f lood po te n t ia l a nd h i g h  ground -wa ter potent ia l .  I n  some pa rts o f  the wor l d ,  sol id waste d i sposa l 
i n  l a ndfi l l  mo unds has bee n suc cessfu l l y a ccomp l i s hed . So l i d waste d isposa l i s  a h ig h ly tec h n i ca l  d i sc i p l i ne ,  
a nd see m i ng l y unfavorab l e  s i tes c a n  commo n ly be used w it h  suc cess t hro ug h  prope r des i g n  a nd e ng i neeri ng 
p ra c t i ce . 

Sep t i c- ta nk capac i ty of so i l s 

T he po tent i a l  of soi l s to be used for sept i c -tank d isposa l of waste is dete rm i ned by so i l  tex ture , 
soi l t h i ckness , a nd dra inage . Beca use so i l  format ion is dete rm i ned , not o n l y  by pare n t  mater i a l  (bed rock ) ,  
but a l so by t i me , s l ope , c l i mate , and organ i c  act i vi ty ,  t here a re n o  c l ear-cut  re l at ionships be twee n bed 
rock a nd sept ic-ta nk capa c i ty of so i l s .  T herefo re , t here is no subst i tute for o n -si te test i ng to de term i ne 
sept ic-ta nk capa c i ty . Howe ve r ,  a n  u nd e rstand i ng of geo l ogy assists  i n  t he ide nt i fi cati on of pote nt i a l  
pro b l e ms t hat m i g ht othe rw i se b e  ove r l ooked . 

Unfavora b l e  pe rmeab i l i t ies  a re co mmo n i n  c l ay pa ns of o ld e r  a l l uv ia l  u n i ts (Qoa , Qbg ) ,  re s idua l 
soi l s  of f lat  bed rock i n  o l d  va l l eys  (Tes ) ,  s i l ty and sa ndy so i l s  ove r d ior i te and g ranod iorite exposu res i n  
youthfu l terra i n  (K J d ) ,  a nd c l ay -r i c h  so i l s over weathered tuffs (Teot ) .  Soi l i s  common l y  too th i n  i n  steep 
terrai n over hard bed rock a nd in many gent l y  s lo p i ng va l l ey areas . S lope is  not an automat ic  i nd i cator 
of  adeq uate rego l i t h t h i ck ness; but steep s l opes are gene ra l l y i nappropriate for sept i c  tanks beca use of 
i nsta l l at ion d i ffi c u l ti es and the h igh pote nti a l  for downs l ope surfa c i ng of eff l uent  and for s lope fai lure . 
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High ground water and ponding ore concerns in the alluvial units, especially in gentle depressions 
on flat terrain.  In addition, shallow bed rock in much of the Bear Creek volley and Soms Valley restricts 
subsurface flow to shallow depths along the interface between regolith and bed rock. Excessive lateral 
migration of effluent introduces the threat of potential hazards to surround ing areas. 

R e g o l i t h  

Regolith, which is unconsolidated rock material at the earth's surface, includes surficial geologic 
units, landslide debris, weathered bed rock, and soi l .  It has engineering properties different from those 
of the underlying bed rock. Specific kinds of regolith (surficial geologic units, landslide deposits, soils) 
ore discussed in greater detail e lsewhere in the text. 

T hickness on steep slopes 

On steep slopes the thickness of the regolith influences the depth of subsurface ground-water flow, 
stability of the slope, and cutbank stability. Thickness is determined by rock type, weathering rates, 
erosion rates, and amounts of colluvial or stream deposition. 

Regolith is generally thin on steep side slopes, and bedrock exposures ore common. I n  steeply sloping 
diorite terrain, colluvial thicknesses greater than 2 feet ore generally associated with high debris-avalanche 
potential. Accumulation of slope-wash material, torrential -flood debris, and creep material at the bose 
of slopes contributes to the relatively thick regolith at the bases of many steep slopes (Figure 13). In 
addition, the accumulation of ground water at the bases of slopes results in more effective chemical 
weathering of bed rock which in turn produces more regolith. 
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Fig�e 13. Thick sitty and sandy regotith in deepty weathered granodio
rite (KJd) near Ashtand. 
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Small linear drainageways on steep slopes are the sites of ground-water accumulation and shal low 
downslope migration of ground water. Accelerated chemical weathering and creep contribute to the rela
tively thick regolith in the droinagewoys. From a geologic time perspective, debris avalanches and 
debris flows in the droinageways eventually scour the loose material from the slope to produce ephemeral 
stream channels. Activities of man may influence the rote at which this occurs. 

Thickness on gentle slopes 

Regal i th thickness on gentle slopes influences excavation di Hi cui ty, foundation strength, cutbank 
stability, and landfill potential. Thickness is determined by rock type, weathering rates, erosion rates, 
and age of the land surface. 

Where surficial deposits cover bed rock, the regolith thickness is equivalent to the thickness of the 
alluvial unit, which is readily determined by using well-log data and field observations. This thickness 
varies from 70 feet in ports of the northeastern Bear Creek valley to a few feet in the upper parts of valleys. 

Regolith thickness overlying bed rock in older valley areas is determined by the depth of weathering. 
In Evans Valley, Sams Valley, and northwestern Bear Creek valley, weathered bed rock is present at 
depths of 1 0  feet or more . In the younger parts of valleys such as southern Bear Creek valley, regal ith 
thickness over bed rock may be quite thin, even in gently sloping areas. Generally, regolith is thin on 
ridge crests and thick on side slopes, indicating active creep and erosion. 

Clay content 

In soils terminology, clays are defined as extremely fine particles (0.002 mm or less) or particles 
with colloidal properties in water. Most cloys are also characterized by submicroscopic sheet-like 
structures. Engineering properties of clay include low permeabi l ity, water retention, and low shear strength 
when wet. 

Regolith with high cloy content is characterized by low foundation strength, low excavation diffi
culty when wet, low cutbank stability, low infiltration rates, and low septic-tonk potential . Potential 
for use as embankments or rood base is also very low. Associated hazards include ponding on flat surfaces 
and mass movement on gently to moderately sloping terrain. Where subject to erosion, the clay contributes 
to high and lasting turbidity in streams. 

C I oy content of regal i th is determined by the texture and compositon of the parent material ,  the 
soil-forming processes, and the age of the weathered surface. In flood-prone areas, overbank deposition 
also contributes to the cloy content of soil. 

Geologic units with fine-grained components and clay-rich regolith on old weathering surfaces 
inc lude ports of the Applegate Formation ("Ras), shale interbeds of sedimentary rock units (Tes, Ks), and 
tuffaceous volcanic rock ( Teat, part of T eov ) .  The high cloy content of port of the Quaternary bench 
gravel ( Qbg) is the product of deep weathering and parent material derived from fine-grained volcanic 
rocks in the adjacent Cascade Range. C loy in Quaternary older al luvium (Qoa) is the product of overbank 
deposition and weathering. Clay in Quaternary al luvium (Qal} is the product of quiet-water deposition. 
On steep slopes over metamorphic and intrusive units, cloy content of the regolith is greatest near the 
base of the slope, where ground-water accumulation is greatest. 

Silt content 

Particles that are coarser than c lay and finer than sand ore termed "silt" . S i l t  size limits recognized 
in the United States are 0 . 002 mm to 0.05 mm. Silt does not possess the sheet-like structure or colloidal 
properties of clay. It is relatively common in most soils. Regolith with high silt content is characterized 
by higher permeabi lity and better drainage, cutbank stability, and septic-tonk potential than regolith 
that is rich in cloy. The cohesive strength is low, however; and associated hazards include severe erosion 
potential and l iquefaction potential. 

Silt content of regolith is determined by the texture and composition of the parent material ,  soi l 
forming processes, and the youthfulness of the weathering surface .  Soils over hard bed rock on steeply 
sloping terrain commonly hove relatively large components of silt.  Soils developed over granular, quartz-
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ric h bed rock such as g ra nodiorite ( K J d) are pa rti c u l arly si l ty a nd sa ndy a nd ore c haracteri zed by seve re 
erosio n pote n t i a l  and h ig h po te nt i a l  for stee p-s l ope fa i l u re (debr is f l ow ,  debr i s  ava l a nc he )  during the 
we t seaso n .  

Expa nsion-co ntrac tion 

Expandab l e  so i I is soi I w h i c h  co nta ins c l ay ,  expa nds to a s i g n i f ica nt de gree w he n  wet,  and shrinks 
w h e n  dry . F i na l  ident i f i cat ion of s ig n i fi ca n t l y  expa ndab l e  so i l  i s  the task of the qua l i fi ed spe cia l i st .  
Pre l im i nary f ie l d  ident if i cat ion may be made , however, on the basi s of certa i n  cr i ter ia : w he n  dry , ex
panda b l e  soi l s  are as hard as rock a nd have dee p  ope n cracks a nd a popcorn su rfa ce (o swo l l e n ,  h ig h ly 
porous , mud -cra cked ma nt l e) ;  w he n  wet , t hese so i  Is a re st i cky and weak . Vege tat i o n  on expandab l e  
so i l s  i s  ge ne ra l ly sparse . 

Montmori l lon ite is t he nome of the fa mi ly of expandabl e  c l ays responsib l e  for most expa nsion i n  
soi l s .  C hem i ca l  at t ra c t i o n  o f  water t o  t h e  sheet  st ructure of montmori l l o n i te  pushes t he i ndiv idua l sheets 
fart her apart , a I l ow i ng the i ncorpora t ion  of Iorge amounts of water  i n to the crysta I stru cture a nd lead i ng 
to i ncreased soi I vo lume and great ly decreased soi I strength . 

Montmor i l lo n i te is forme d by t he wea t hering of vo l ca n i c  ash . Format ion a nd preser�at ion i n  the 
soi l profi l e  i s  favored by l ow pre c i pi ta t ion  and pre se nce of andesi t ic  or basa l t i c  pare nt  mater ia l .  V a l l ey 
reg ions of t he study a rea t hat a re u nde r l a i n  by Eocene a nd O l igo c e ne t u ffa ceous rock (Teot ) or i ts trans
ported de r i vat ives  (Te s ,  poss i b l y  Q bg )  meet these spe c i ficat ions a nd are characteriz ed by expandab l e  
soi I s . Extreme seasona l vari ati ons i n  soi I -water content accentuate th e expan si on-c ontrac ti on h azard . 

Expa ndab l e  so i l s damage roads a nd fo u ndat ions , espe c ia l ly t hose w h i c h  are unde rdes i g ned and t hose 
w h i ch hove l i g h t l y  l oaded fo unda t i ons . M i t igat ion  may i n c l ude avo i da nce of cr i t ica l a reas,  spe c i a l ized 
desig n ,  and carefu l drai nage contro l . 

D r a i n a g e  

Dra i nage , the mec han ism by wh i c h  water is  removed from a n  area by fl ow , i nc l udes over l a nd fl ow, 
sha l low subsurface flow ( thro ug h  t he rego l i t h ) , and deep subsu rface f low ( thro ug h  bed rock) . It is d is t i n 
g u i s hed from so i I dra i nage , w h i c h  i s  t he rate a t  w h i c h  w a t e r  pe rco l a tes t hro ugh a so i I .  T h i s  d is t i nct ion 
is c r i t i ca l i n  understand i ng the ground -water a nd pond i ng prob l ems of t he st udy area . 

Ove r l a nd fl ow 

Over l a nd f low is ca used by steep s l opes a nd imperme a b l e  bed roc k ,  soi I ,  or surf i c ia l  depos its . O n  
s l op i ng te rra i n ,  the re l at i ve si g n i f i ca n ce o f  ove rl a nd f low is  gene ra l l y  re f l e c ted i n  t he dra i nage densi ty 
( numbe r of c ha n ne l s  pe r u n i t  area) . In t he study area , over l a nd f l ow is most pro nounced i n  steep ly s l o p i ng 
terra i n  of metavo l ca n i cs (R_a v) ,  metased i me n ts C"Ras),  and granodior i te ( K J d ) .  

O v e r l a nd f low is  n o t  as pro noun ced i n  te rra i n  u nde r l a i n  by sed ime nta ry a nd fra ctured vo l ca n i c  rocks 
because s lopes are ge n t l e r  and i nfi l trat ion  rates are greater .  O n  surfi c i a l  un its,  s l opes ore very gent l e  and 
i nfi l trat ion rates a re very low beca use o f  the deve lopme n t  o f  a c l ay-r i c h  hor izon i n  the soi I pro fi le . A l 
t hough the so i l s  are descr i bed a s  moderate l y  we I I  -dra i ne d ,  wi nter  po nd i ng o f  ra i n  w a ter  i s  common because 
of impermeab l e  so i l  hor izons , low s lope grad ients and topograp h i c  depress ions,  a nd h i g h  gro u nd water . 

Ove r l a nd f low i n  s l op i ng areas is a concern in erosion contro l , road design , fi l l  p l aceme n t  a n d  
sta b i  I i ty ,  and torre ntia ! -f l ood pote nt i a l . Pond i  ng and h ig h  ground water  i nfl uence land po te nt ia  I for 
sept ic-ta nk a nd l a ndfi l l  uses (see H ig h  G ro u nd Wa te r and Pond i ng) . 

Sho I l ow subsurface fl ow 

S ha l l ow subsurface f low i s  predo m i na nt w he re permea b l e  th i n  rego l i t h  over l ies  impermeab l e  bed 
roc k .  Because rego l i th th i c kness and bedroc k i nfi l trat ion rates often ca nnot be l i nked di rec t ly to ty pe 
of bedroc k s l ope , recog n i ti o n  of cri t ica l areas requi res fi e ld reconna issa nce . 
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In steep ly  s loping terra i n  over hard bed rock,  the deve lopme nt  of st ream c hanne l s  i s  pre ceded by 
the deve lopment of sma l l l i near dra i nageways character ized by re lat i ve ly th ick  col l uvium and sha l low 
subsurface f low .  Soi I water perco l ates through the co l l uv ium a nd downs lope a long t he contact betwee n 
the co l l uv ium and t he impermeable bed roc k .  C hanne l s  of t h i s  type are part icu la r ly  common i n  t he gra n
odiori ti c (KJd) and metamorp hic (R.av , R.as) te rra i n  of t he study area . 

I n  gen t ly  s lop i ng terra i n  i n  the east Bear Creek va l ley and centra l and nort hern  Sams V a l l ey ,  so i l  
wa ter perco lates to the contact of the rego l i th w i th  t he less permeab le  bed rock  (Tes) where i t  i s  re stri cted 
i n  its downs l ope f low . Lack of over l a nd fl ow i n  these areas does not d im i n ish the need for proper drai nage 
centro I in construct ion . 

Sha l low subsurface f low a l so is assoc ia ted w i th the i nte rface of o l de r  a l l uv i um (Q oa )  over bed rock 
(Tes) in Sams Va l l ey, t he bases of s lopes of impermeab le bed rock (Teov ) where so i l  water dra i n i ng the 
s lope comes to the surface at the base of the s lope , a nd on terrace un its  (Qbg )  where f low is restr icted to 
zones above c l ay pans and other so i I hor izons of low permeabi I i ty . 

Subsurface f low affects a l l  deve lopme nts wh ich  pe netrate to t he l eve l of  fl ow . C lear defi n i t ion 
a nd treatment of the prob lem requ i res a mon i tor ing program , s i te i nve stigat ions, and feas ib i l i ty studies 
for proposed so l ut ions . 

Deep subsurface flow 

Dee p subsurface flow i s  the movement of water throug h bed rock or through pa rts of surfi c ia l  geo log ic 
un i ts be low the rego l i t h .  F l ow is  e i ther  vert ica l throug h  the over ly i ng geo log i c  un i t s  o r  horizonta l from 
water sources to the s ide . Dee p subsurface flow i s  equ iva l ent to ground water and is d i scussed i n  g reater 
detai l under the sec tion enti t led Mi nera l Resources - Ground Water . 

Where verti ca l  i nfi l trat ion of surface water to depth i s  s ign i ficant , the importa nce of over l and f low 
a nd sha I I  ow subsurface f low i s  d im i n i shed . Suc h areas are a I so zones of aqui fe r  recharge and are genera l ly  
not su i tab le  for large-sca le waste d isposa l .  Perco l at ion of surface water to depth i s  favored by permeab le  
geo log ic  uni ts (Q a l ,  part of Ks) , j oi nti ng (Tpb, part of Teov) , sch i stosi ty (parts of "Rmc) , or  the  presence 
of  shear i ng or fa u l t i ng . 

S o  i I s  

Purpose 

T he st udy of so i Is a nd t he app l i cat ion of soi Is data , wh ich  toge ther const it ute a sepa rate d i sc ip l i ne ,  
are not di rec t ly th e concern of basic geo logy i nvestigati ons . Soi l s , however , a r e  c lose ly  re lated t o  th e 
bedroc k geo l ogy , surfi c ia l geo log ic  processes, and geo l ogi c  hazards of Jackson Cou nty . Th e purpose of 
th i s  soi l s  discuss ion is to re la te soi l s  to ge nera l  geo log ic i nformat ion and concepts deve l oped e l sewhere 
in th e text and thereby ( I )  promote refi nement of so i Is concepts , (2) assi st  fu tu re soi I s  mappi ng , (3) supp le
ment sta ndard soi l s  data i n  si te eva l ua t ions , (4) ma ke i n format ion on th e or i g i n  of geo log ic  uni t s  more 
u sefu I to th e soi I s sci enti st , a nd (5) present conc epts on soi I s  and soi I s-fermi ng processes from a geo log ic  
perspective . 

Genera l 

I n  th i s  study, unconso l idated mi nera l formed in  p lace by weather i ng and found at the earth • s  surface 
i s  termed 1 1 so i l 1 1 • Th is  defi n i tion i s  less restr ic tive than tha t  emp loyed by many agronomists , who l i m i t  
use o f  the name 1 1 Soi 1 1 1 t o  ma ter i a l capab le o f  su pporti ng p lant grow th . Our  defi n i ti on is more restr i c ti ve 
than the concept of soi I (rego l i th of th i s  report) used by soi Is eng i neers , because i t  does not i nc lude 
surfic ia l geo log i c  un i ts . I t  is consistent wi th most of the methods of sam p l i ng ( l im i ted to the upper 
5 or 6 fee t) emp l oyed by t he U. S. Soi l Conse rva t ion Se rvice; and it  emphasizes the un ique cha racter isti cs 
of t he weathered zone . 

Weathering processes at the eart h • s  su rface inc l ude chemica l breakdown of m i nera l s ,  chem ica l 
reconst i tut ion to form new m i nera l s  (c l ays),  physica l d is i ntegrat ion,  a nd leac h ing . During the i n i t ia l  
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stages of so i l  deve l opment,  t he composi t ion of the parent  mate r i a l i s  a domi nant factor i n  determ i n i ng soi l 
type . C l i mate determi nes t he k inds and rates of c he m i c a l  reac tions and a l so the nature and d i stri bution 
of vege ta tive cover . S l ope i nte ns i ty i nf l ue nces dra i nage and mass moveme nt,  and s l ope or ie nta t i on part ly  
determi nes th e ba l a nce of soi ! -formi ng processes w i th in  a g iven area . As t i me passes, c l i ma te becomes 
i nc reasi ng ly more i mpo rtant in determ i n i ng soi l deve l opmen t . . 

Hori zons of d i ffe ri ng composi tion  a nd texture are deve l oped w i th i n  a typ ica l soi l because p hys ica l 
a nd chem i ca l  co nd i ti ons vary w i th de pth . T he surface hor izon (A horizon )  is t he zone of most i nte nse 
o rga n i c  act i v i ty ,  l eachi ng ,  a nd downward percol at ion of f ine -gra i ned mater i a l .  Common l y ,  i ron,  carbon
a tes, a nd c l ay are removed a nd deposi ted in  t he next  l owe r,  or B ,  horizon , which  i s  c hara cte rized by 
re l at i ve ly h i g h  conce ntrat ions of si l i ca ted c l ay ma ter i a l s ,  i ron,  or other materia l s .  At greater depths t he 
u nder lyi ng C hori zon consi sts of parti a l l y w eath ered and decomposed bed roc k .  At even grea ter depths 
i s  fresh bed rock or su rfi c i a  I geo l og i c u n i ts .  

Systems of so i I s  c l assi fi ca t ion 

T he Nat iona l  C ooperat ive Soi l s Survey of t he U.  S . Depa rtment of Agri c u l ture adopted t he Seventh 
Approx imat ion  System of So i l s C l assi f icat io n i n  1 965 .  I n  i t,  so i l s  of the nat ion  are g rouped h i era rc h i ca l ly 
on the ba sis  of reg iona l c l imate , physi ca l  se tt i ng ,  un i form i ty a nd types of hor i zons,  na ture of gradat ion 
between h ori zons , and broad textura l and c omposi ti ona l features re lated to p la nt-growth potent ia l ,  parent 
ma ter ia  I ,  genet i c  hori zons, a nd surfa ce texture . Fi e l d  recognit ion of so i I s  te xtures i s  sum mar i zed on 
F igure 1 4 . Al l soi  I s  mapp ing is  co nducted usi ng t he system of c lassi fi cat ion adopted by t he U .  S.  Depart 
me nt of Agr i c u l ture . Be cause it is based on gra i n -size d ist r ibut ion,  i t  l e nds  i tse l f  we l l to reg iona l mapp i ng . 

Two ot he r major  types of so i l s  c l assi fi cat ion are t he U n i fied So i l s  C l ass i fi cat ion Syste m (Ta b l e  4) , 
used by the U .  S .  Army C orps of E ng i neers and the U .  S .  Bureau of Rec l a mat ion , a nd the AA S HO 
(Ame r i c a n  Asso c ia t io n  of State H i g hway Offi c i a l s) System (Ta b l e 5 ) ,  use d in h ig hway construct i o n . T he 
Un if ied So i l s  C l assi fi cat ion System pl aces emphas i s  on the e ng i neer ing properties of soi l ,  i n c l ud i ng p l as 
t i c i ty i ndex ( a  mea sure of  wate r content a t  w h i ch soi l be haves as a p l astic) , l iq u i d  l i m i t  (a measure of t he 
wa ter content at w h ic h  t he so i l  be haves as a l iq u i d ) ,  and orga n ic co nte n t . T he AAS H O Syste m is used to 
c l assi fy soi l s  accord i ng to t hose propert ies  t hat affect  use i n  h i g hway construction a nd ma i nte nance . 

T he pa rt ie  le-s i ze bounda ries recog n i zed by t he th ree systems of so i I c l assi fi ca t i on are compared i n  
Tab l e 6 .  

Dist r ibut ion 

V a r i at ions in  the f ive soi l -form i ng factors (pare nt mater ia l ,  c l i mate , topography , vege tat ion,  and 
t i me ) p roduce the m any variat i ons of soi l type prese nt i n  Ja ckson Cou nty . T he i nfl uence of parent mater ia l 
is greatest i n  young so i l s and is br ief ly  rev i ewed i n  t he pre cedi ng d i sc ussions of i nd i vidua l geo log ic  u n i ts 
and the ir  eng i neeri ng pro pert ies . T he engi nee ring p rope rt ies of soi I s  and t he associated rock u n i ts a re 
sum ma rized on T ab l e  7 .  T he data are de rived from l aboratory test i ng of samp l e s  take n fro m t he weat hered 
zone . T he data are more l i m ited in scope than the ge nera l e ng i nee ri ng properties of  the geo l og i c  u n i ts 
a nd rego l i th summar ized on Tab l e  3 .  

T he i ntens ity and orie n tat ion o f  s l ope a re ge nera l l y  the most important topograph i c  i nfl uences on 
so i I deve l opme n t . So i l s are least mature on steep s lopes . O n  north-fa c ing s l opes,  near the bases of s lopes, 
a nd i n  gent l e  g u l l i es,  the i n fl uence of g round water on c hem i ca l  weatheri ng is re lat ive l y  g reat ;  and so i l  
deve l opme nt is genera l l y more advanced . In con trast , soi Is on the m idd l e  and upper part s of sout h-fa c i ng 
s lopes are gene ra l ly l e ss we I I  deve loped . Vegetat ion patterns common ly re fl e c t  these d i ffere nces . 

I n  a reas of fl at  terra i n ,  s l ope e rosion and mass wasti ng a re m i n i ma l;  a nd the age of the weat her ing 
surface i s  ofte n t he dom i nant factor i n  d e te rmi ng soi l type . In the Bear C reek va l l ey ,  the amo unt of c l ay 
i n  the so i l s corre l a tes i n  a ge ne ra l way w it h  the age of the weather i ng surfa ce . 

Most Q uaternary a l l uv i um (Qa l )  does not have so i l  be cause the u n i t  i s  a surfi c ia l  geo l og i c  depo s i t  
that i s  too young t o  have undergone apprec i ab l e  wea ther ing . 

Soi  I s  deve loping above t he Q ua te rnary o l der a l l uv i um (Qoa) are appare nt ly the you ngest soi Is w ith  
c lay-ri c h  w ea th eri ng horizons . Th ese are pri mari ly the Medford soi l s , equ iva lent,  at least in  part,  to th e 
Tou Ve l i e weathe r i ng surface of Parsons a nd Herri ma n ( 1 976 ) .  Radi ocarbon dat ing of wood recovered from 



Texture 
Sand 

Sandy 
loom 
loom 

Si It 
loom 
Cloy 
loom 

Silty 
cloy 
loom 
Silty 
cloy 

Cloy 
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sandy cloy loom 

20r----------------< 

percent sand 

Moist 
Dry feel Moist feel shine 

Individual groins Individual groins None 
seen ond felt seen ond felt 
I ndividual groins Individual groins None 
appear dirty oppeor dirty 
Gritty, floury Gritty, smooth Faint 
feel slick dul l  
Soft ond floury Smooth slick wf Dull 

some stickiness 
S lightly hard, Smooth slightly Prom-
little grittiness sticky w/some inent 

grittiness dull 
Moderately hard, Smooth sticky, Faint 
no grittiness feel some 

plasticity 
Hard, no Smooth, sticky Shine 
grittiness plastic, faint fin-

gerprints visible 
Very hard, no Smooth vjy Bright 
grittiness sticky - p ostic 

fingerprints 

�"-1" wide, 1/8" 
thick moist plos-

( ticity ribbon) 
Wi I I  not ribbon 

Wi I I  not ribbon 

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

Ribbon sustains 
weight & careful 
handling 
Ribbon withstands 
considerable move-
ment & deformation 
long thin ribbon 

Moist 2"+ long 
plasticity 

( > I wire 1 8" 

Wi I I  not wire 

Wi II not wire 

Very weak wire in  
broken segments 
Weak wire easily 
broken 
Wire sustains 
weight 

Wire sustains weight 
& withstands gentle 
shaking 
Wire withstands 
considerable shok-
ing ond· rolling 
Wire withstands 
shaking, rol l ing, 
bending, 1/16" 

Figure 14. Guide for the textural- classification of soil-s. 
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LAND USE GEOLOGY OF CENTRAL JACKSON COUNTY 

Table 4. Unified Soil Classification System 

;;: 

� 3 � 0 -= 7  .. c - , 
7 7  
0 0 
� :;:; "' 

Group 
symbols 

GW 

GP 

GC 

sw 

SP 

Typical names 

Well·groded groveiJ, grovei·Jond 
mi.�ohJrh, little or no fines; 

Poorly graded grovels� grovel· 
sand n'lia.tvtet .. little Of no finet 

Stlty grovels. grovel-tend-silt mix· 
tul'es 

Clayey grovels, grovel-sand-cloy 
mi.:tureJ 

Well-graded sands .. gravelly sands, 
little 04' no fines 

Poorly graded sands, gravelly 
sands, lillie or no fines, 

�;l  �----�--�--�--------------------------- 1 • g ... �· ; " 
> , "' " 0 SM. 

d 

1-
� c [g. 

0 � ; � �  !. �---L---+----------------------------
3 rt 7 , 
� �  s: 

� � sc Clayey sand to, sand -day mixl'ures 

Inorganic sihs and very fine sands, 

Ml rodt flour, silty � doyey fine sands� 

�- or doyey s.ihs with slight plasticity 

;;: � [ g Inorganic cloys of low IC medium 

� 0. Cl plasticity, gravelly cloys, sandy 
n cloys. silty cloys. leon days 0 ;;. � g "' £ Ol Organic sills and organic silty cloys 

of low plasticity 

lnorgon.ic: silts, micaceous or diotg .• 
� MH moceous fine sandy 0< silty JOih. �· elastic tilh ;;: 
[ � "' 0 CH Inorganic doyt of high plasticity, fat ;; , 0. clayt c i 0 
;;. � 
g "' OH Organic days of medium to high £ plasticity, organic silts 

0 �  1 ::.: 0  ':I' .... �·-<" ,, Peat and other highly organic toil, 

. � 
] 
1:-
:g 0 a: 

60 

so 

4 0 

30 

20 

10 

IJ O  

s 2 ; .;, 0 3 ' .. "-

laboratory claulflcollon criteria 

D,. (D,.)' 
C. = 010 greater than A; C = Olt X D&t between 1 and 3 

Not meeting oil grcdotion requirements for GW 

Atterburg limih below "A'' 
line or P.t. leu than A 

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 coses requiring use of 
dual •ymbots 

C ., =  0"' greater than 6; C = (OIQ)l between 1 ond 3 o, o, X o .. 

Not meeting oil grodat;on requirements for SW 

Atterburg limih btlow "A" 
line or P.l. len that� � 

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

� .. .. ,. 

Cl / v 
1/ 

limits planing in hatched 
tone with P .1. between A and 
7 ore borderline cases re· 
q11iring use of dual tymbob. 

v 
CH / v 

vv 
OHondMH 

Cl-Ml :&.�� Ml or Ol , , 
1 0  2 0 3 0 4 0 so 6 0 70 80 90 100 

Uquid limit 

Plasticity Charf 

'Otvision of GM o,_d SM groupt into tubdivittons of d ond u orf' for roodt a"d o.rf,elds of'lly. Subdivit;on ;, bated on Atterburg l,,.,ih: 
suffra d utf'd when l.l. '' 18 or ltH ond the P.l. it 6 or leu; tne tuffiA u ut�d when l l  " orrotl!r than 28 

·'Borderline douificot•ont, uted for to•lt pouening charoc;ler•thct of two groups orf" designated by comb•not•on� ol group symbols. 
For e-omplto· GW.GC • ...,,.If qroded 9rovel·sand '""'ure with cloy bmdf'r 

Reprinted from PCA Soi I Primer 
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Table 5. American Association of State H ighway Officials (AASHO) Soils C lassification 

General 
c lossi fi ca tion 

Ql > Ql 
"' 

0 0 N 

0 -g z  

"' "0  .... c: c: 0 Ql "' E -o  Ol e g 0 
Ql Ql c > 0 0 

� m 

A-1 

Group 
symbols 

A-1-a 

A-1-6 

Groin size 
(sieve) 

500/o max . posses No. 1 0  

300/o max. posses No. 40 

1 5% max . posses No . 200 

500/o max. posses No. 40 

Atterburg limits for 

fraction possi ng No. 40 
Liquid limit Plasticity index* 

Less than 6 

Q; a 25% max. posses No. 200 
0 � l-----4----4-------4------------------------+--------------�-------------1 E Q; 
,_ _  ....2 '0 � � 

Ql "O  c: c 
u: � A-3 

500/o min .  passes No . 40 
A-3 N . P .  

1 00/c max . passes No.  200 � "' 
0 � l-----4----4-------4------------------------+--------------�------------_, 

10 A-2-4 Less than 40 Less than 1 0  M >.,"0 c Ql c 
0 s � 

-:E - -u u c ... 0 o _  
"' "' Ql ....J >., <ll .... > 0 

\/) 0, 

A-2-5 
A-2 

A-2-6 

A-2-7 

A-4 A-4 
� � 1-----l----� ·- 0 \/) "' A-5 

..!!:! A-6 

A-5 

A-6 
� �--+----! � A-7 
>.. 0 

u 

A-7-5 
and 

A-7-6 

35% max. passes No . 200 

Greater than 35% posses 
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 

33 

G) 
-o 

0 ... Ol 
..t:J ::> 

"' 
.... c G) 
Ql u X Ql 
2 
-o 0 0 
0 

Ql -o 0 .... Ol ..D 
::> "' 

.... 
0 

£ 

*The difference between liquid limit and plastic limiti the range of water content through which the soi l  
behaves plastic l y .  



Ame1 icon Association 
of State Highway 

Colloids Officials - soil 
classification 

U . S .  Department of 
Agriculture - soil Clay 
c !ossification 

Unified sail classifico-
tion 
U . S .  Army Co•ps of 

Engineers 
Bureau of Reclamation, 

Dept. of lnteriO< 

Sieve sizes - U .S . standard 

� 0 � 
Particle size - millimeters 

Table 6. Comparison of three systems of particle-size c lassification 

Cloy 

Silt  

Fines (si I t  or cloy) 

g 8 � CS  0 0 0 0  !B e;  0 . 

Silt  

"' 0 

Fine sand 

Ve•y 
fine 

sand 

0 0 0 " 0 " N N 
I � 

M <!" I -<> 
0 0 0 � -; 

Fine Medium 
sond sand 

Fine sand 

0 -o 

"' ',.., " 

Coa•sc sand 

Ve•y 
Coo1se coarse 

sand sond 

Medium sand 

0 0 " N 

I L I -o a:> 'o 
-

--··-··-

Fine 
g•avel 

Fine 
g•avel 

Coo•se 
sand 

0 ... I I 
0 0 0 .., 
N M " 

Medium Coarse 
g•avel g•avel 

Caa•se 
gravel 

Fine CaaiSe 
g•ovel g•avel 

<--. .. 
M I I 

0 0 0 0 0  
00 - N M <l"  

Boulders 

Cobbles 

Cobbles 

h 

0 0 -o 00 

w 
� 

s;: 
z 
0 
c V'l m 
G) m 
0 
r 
0 
G) 
-< 
0 , 
() m 
z 
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)> () 
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0 
z 
() 
0 
c 
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one loca l i ty i n  the under ly i ng Quaternary o l der a l l uv ium (Qoa) i ndi cates an age of 2 ,  355 years ( Parsons 
and Herr ima n ,  1 976) .  T he age of the uni t  probab ly  var ies cons iderab ly but can be regarded as Holocene . 

Soi l s  over ly i ng t he next-o lder terrace form , represen ted i n  part by Q uaternary be nc h grave l (Qbg ) ,  
are o f  two type s .  On equ id imensiona l patterned ground (g rou nd character ized by we l l -defi ned surfi c ia l  
patterns) ( F igure 5 ) ,  Parsons and Herriman ( 1 976) re cognize the fi rst type , the Roxy Ann surfa ce,  c harac
terized by an impermeab l e  duripan at  sha l l ow depths . T he soi l s  are not penetrated by roots and are not 
sui tab le  for sept i c-tank use . 

The second maj or type of soi l ,  occ urr ing on very gent le s lopes characteri zed by patterned ground 
e longate wi th th e s lopes , is  ca l led the K i r t land surface by Parsons and H erriman ( 1 976) . The c lay 
hori zons , wh ich they be l i eve postdate th e duri pan of  the Roxy Ann surface , are more permeab le . The 
K i r t land surface soi l s  support pi ne trees and are loca l ly su i ted to septic -tank use . 

Borderi ng the Bear Creek va l ley are a ser ies of fl a t  weathe r i ng su rfaces under l a i n  by bedrock geo log i 
units rather t han  surfi c ia l  geo logic  un i ts .  A long t he eastern part of the va l ley , the ma jor rock units a re 
Eocene sedimentary rock (Tes) , Eocene tuffa ceous rock (Teot) , Eoce ne vo l can ic  rock (T eov ) ,  and re l ated 
int rus ive rock (T i ) .  Major un i ts a l ong the west are Cretaceous sed imentary rock ( Ks) and parts of the 
App legate Forma tion (T�as ) .  

Ages of these o l der weatheri ng surfaces are var iab le  but  are genera l l y greater than the su rfaces over 
surfi cia I geo log ic  un i ts in the centra l and nort hern parts of the va I ley . The dom inant  texture is c l ay .  

Deep c lay -r ich soi l i s  a l so present above fl at- ly ing Eoce ne sed ime ntary rock i n  the Sams Creek 
va l ley . I n  the Evans Creek Va l l ey , deep so i l s  ove r l i e  fl at- ly i ng te rrace deposits and granod iorite (KJd ) . 



Tobie 7. Bed rock ond soil associations of centro I Jackson County, Oregon 

USDA classification Unified AASHO Perm. liquid 
Rock unit (Figure 14) figure figure in ./hr, limit 

Quoternory alluvium Newberg-sandy loom ond silt loom SM Ml A2 A4 0.6-6.0 30-35 to NP 
(flood ploin) Comos"'9rove lly sondy loom GM SM GP GW A1 A2 2.0-2(}1- NP 

Evons-loom Ml A4 0.6-2.0 NP 

Quoternory older alluvium Medford-silty cloy loom C l  Ml A6 A7 0.6-2.0 30-50 
{center of Iorge volleys) Cove-silty cloy loom ond cloy C L C H  A6 A7 0,6-0,06 30-50 

.. -- ·c (sides of Iorge volleys) Central Point"'9rovelly ond sondy loom SM SC A2 A4 2.0-6.0 15-25 
.!:! ::> 
� .� Kubli-loom to cloy ML Cl A4 A7 0.6-2.0 25-50 

5 8' V> - (smoll volleys} Heppsie-cloy loom over gravelly cloy CL CH GC A7 A6 0,06-0,6 40-65 0 ., 
Carney-cloy CH A7 A6 0.06-0.2 60-75 0> 
Witzel-cobbly silt to cloy loom GC A6 0.2-0.6 35-40 

Quoternory bench grovel Agote-loom ond cloy with pons, grovel CL ML A1 A4 0.06-0.6 25-35 to NP 
(flot to gentle slopes} Winlo-grovelly loom ond gravelly sond GWGM A1 A4 0,06-0.6 25-35 to NP 

Gl GW GM A1 A7 0.06-0,6 40-55 to NP 

Cretaceous sedimentary rock, Coker-cloy CH A7 0.06 60-75 
Eocene sedi me ntory rock, 
Eocene tuffaceous rock 

(flot to gentle slopes) 

Eocene sedimentary, Medco-loom to cloy ML SM CH A4 A7 0.6-0.2 30-80 
volcanic ond tuffaceous rock, Vilot-cobbly loom to cloy loom Ml GM GC A2 A6 0.6-2.0 30-40 

.;,< (moderate slopes) u e 
2:- (moderate to steep slopes} Carney-cloy CH A7 A6 0.06-0.2 60-75 .2 Witzel-cobbly silt ond cloy loom GC A6 0.2-0.6 35-40 c .. 
� �  Broder-cloy loom ond loom Ml A4 0.6-2.0 30-40 

:0 � ., u 
Eocene volcanic rock Bybee-cloy loom to cloy � ]'  C L CH A6 A7 0.06-0.2 25-80 

0 0 (moderate slopes} Totouche-grovelly loom to cloy ML CL CG A4 A7 0.2-2.0 25-55 
-� & loom to cloy 
c 0 u Diorite; sedimentary ond Monzonito-loom cloy Ml Cl A4A7 0.2-0.6 25-45 0 > volcanic rock of the Apple- Ruch-silt loom ond cloy loom Cl Ml A4 A6 0.2-2.0 25-40 

gote Formation Holland-loom to cloy loom SM SC A4 0.2-2.0 NP-35 
{gentle bose slopes) 

Plasticity Shrink-
index swell* 

10-NP l 
NP l 
NP l 
10-25 M 
1 1 -50 M , H  

0-5 L 
0-40 l,M,H 

20-40 H 
35-45 H 
15-20 l 
5-10 to NP M , l  
5-10 to NP M , l  

20-30 to N P  H,M,l 

35-45 H 

5-50 M,H 
5-20 L,M 

35-45 H 
15-20 l 
5-10 M 

10-50 M,H 
5-35 M,H 

5-25 M , H  
5-20 l,M 

NP-10 l,M 

Corrosivi ty* 
Con-

Steel crete 

l M 
l M 
l l 
M , H  L 
H M, l 
l H 
l l 

H l 
H l 
M M 

M, l M , L  
M, l M, l 
H , l  l 
H l 

M , H  l 
l,M H 

H l 
M M 
M l 

M , H  M , H  
l,H l,M 

l, H  l,M 
l,M M 
l,M l,M 

I 

� 

> 
z 
0 
c 
Vl 
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G) 
m 
0 
r-
0 
G) 
-< 
0 , 
() 
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z 
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Rock unit 

Diorite and Moy Creek 
Schist 

(steep slopes) 

Moy Creek Schist; 
sedimentary and volcanic 
rock of the Applegate 
Formation 

(vorioble) 

Table 7. Bed rock and soil associations of centro I Jackson County, Oregon (continued} 

USDA classification 
(Figure 14) 

Siskiyou-coarse sandy loam and 
loamy sand 

Josephine-gravelly loam and 
cloy loam 

Beekmon-grovelly loam 
Colestin-grovelly loam and 

cloy loam 

Vonnoy-silt loam and clay loam 
Voorhies-grovelly loam and 

clay loom 
Beekmon-grave lly loam 

Unified 
figure 

SM 

ML GM CL 

ML GM GC 
ML GM CL 

ML CL 
GMGC 

ML GM GC 

AASHO Perm. Liquid 
figure in./hr. limit 

I AI A4 I 2.0-6.0 I NP 

I A? A6 I 0.2-2.0 35-45 

AI A4 0.6-2.0 25-35 
A4 A6 0.6-2.0 25-35 

A4 A7 0.6-6.0 35-45 
A2 A6 0.6-2.0 25-40 

AI A4 0.6-2.0 25-35 

Corrosi vi ty* 
Plasticity Shrink Con-

index swell* Steel crete 

NP L L M,H 

10-20 M L,M M 

5-10 L L L 
0-15 L L L 

5-25 L,M L L,M 
5-20 M L,M L 

5-10 L L L 

* L = low 
M = medium or moderate 
H = high 
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MINERAL RESOURCES 

G e n e r a l 

The mineral resources of central Jackson County ore grouped into four major headings: aggregate, 
metal l ic minerals, ground water, and energy sources. As consumption continues, the need for the recog
nition and proper management of the resource bose of the County wi l l  continue to grow. Only with 
adequate information con realistic, equitable, and efficient planning for future needs be conducted. 
The following discussion is general and does not toke the place of detailed commodity investigations, 
should the need for such studies arise in the future. 

A g g r e g a t e  

General 

The demand for aggregate is determined by population, rates of population growth, land use pot
terns and policy, construction practices, large-scale construction projects, and other factors. Tradition
oily, however, demand has been correlated solely with population. Thus, annual per capita consumption 
of sand and grovel for Jackson County has been identified as 10 .2  tons (Schl icker and Deacon, 1970) ; 
and per capita consumption of sand, grovel, and quarry rock for Josephine County has been identified os 
19 tons (Schlicker, Schmuck, and Pescador, 1975). 

Accurate projections for the study oreo ore not presently possible in view of ( 1 )  incomplete consumption 
figures supplied by industry, (2) changing trends in population growth and land use, and (3) inadequate 
definition of the precise factors •hot control consumption in the study area . A tentative per capita con
sumption of sand, grovel, and quarry rock of 15  to 20 tons con be assumed; but this amount may vary 
significantly. 

Construction materials, like other mineral resources, con be mined only where they occur natural ly.  
Other l imitations on production include hauling distances, weathering, thickness of  overburden, and 
associated hazardous conditions such as flooding or moss movement. Further limitations ore placed by the 
necessary specifications of the intended use. 

Conflict with other resources provides additional constraints on the construction-material industry . 
The preservation of fish spawning grounds commonly removes economic deposits from production. Aesthetic 
considerations include noise, dust, and increased turbidity. 

Sources 

Sources for sand and grovel include the surficial geologic units and ore indicated on the geologic 
mops and on Tobie 8. Specific locations and pit data ore provided by Schlicker and Deacon (1970). 
Lorge active quarry operations ore generally near major l ines of transportation, and the potential of each 
mopped geologic unit for use as quarry rock is summarized on Tab le 8.  

Good quarry stone is generally angular, hard, and wel l  suited for use in paved and unpaved roods. 
Stone with coarse jointing is suitable for use in riverbank protection as riprop; it is not well suited for use 
os aggregate in concrete because of the harshness of the surfaces. Geologic units with high potential for 
material suitable for paving include fresh volcanic bed rock and ports of the metamorphic units. Where 
alteration or weathering hove produced considerable cloy content in rocks, the potential for their use in 
paving is diminished (Figure 15). 

Most bedrock units in the study area hove potential for use in  properly engineered fil ls and embank
ments. Cloy-rich material of the Eocene to Ol igocene tuffaceous rock and planar pieces characteristic 
of the medium-grade schists ('Rmc} general ly  hove low potential for use in fi l ls.  Granite and granodiorite 
(KJd) ore particularly well suited for use in  fil ls because of the joint occurrence of angular silt and sand 
particles with the moderately high clay content of the weathered zone. 
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Figure 15. RubbLy Eocene and OLigocene voLcanic rock (Teov) near Browns
boro. 
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High-quality sand and gravel for use in cement aggregate i s  available in Quaternary a l luvium and 
younger terrace units. General ly, mining of the terrace units may conflict with potential for agricultural 
or residential use. Deposits of older terraces also have weathered coatings in places. The clay content 
and deep weathering of the Quaternary bench gravels (Qbg) generally necessitate scrubbing and washing 
before use as aggregate, and the unit is generally undesirable as a source of high quality aggregate at the 
present time. 

Recommendations 

County goals with respect to aggregate sources should include the settirng aside of sufficient volumes 
to meet future needs and the minimizing of adverse impacts through adherence to adequate reclamation 
plans and performance standards. To be effective, the effort must be long range. Recommendations pro
vided here are restricted primarily to constructive suggestions arising from a geologic perspective. 

Schlicker and Deacon ( 1 970) state that stream-channel gravel is generally not suitable for profitable 
extraction because of the sma l l  size and thinness of the deposits, uncertain future replenishment, potential 
impacts on spawning areas, and the availability of other sources. This recommendation is not absolute, 
however; and, where necessary, removal of channel gravel for aggregate purposes can be a valuable part 
of an overall resource-management program. 

Periodic removal of point bars and channel bars can meet the multiple objectives of channel protection 
{ see Stream Erosion and Deposition), flood control (see Stream Flooding), and resource development in un
stable reaches of stream channel s .  Project design considerations should include proper location of excava
tions, adequate design and construction of berms (see Stream Erosion and Deposition), and adherence to 
performance standards. 

Excavation of gravel from terrace units (Qoa, Qbg) is general ly restricted by high agricultural and 
residential potential of the land, flood potentia l ,  and high ground water. These limitations are not total ly 



Geologic unit and rock types 

Quaternary alluvium (Qol): 
grovel, sand, silt 

.. 
·;: Quaternary alluvial fan ::> ... deposits (Qof): 
'8' grovel,  sand, silt 
0 ., C) 
.!:! Quaternary older alluvium (Qoo): ... grovel, sand, silt, cloy � ::> V> 

Quaternary bench grovel (Qbg): 
grovel, sand, silt, cloy 

Diorite and granodiorite (K Jd) 

.. 
·;: Gabbro (KJgb) 
::> ... 
'8' 

Serpentinite {sp) 0 .. C) 
Cl .� 
� Tertiary intrusive rock (Ti) c -

Table 8. Aggregate potential of geologic units, central Jackson County, Oregon 

Specific engineering 
General engineering properties considerations Pate nti a I uses 

Easily excavated. Grovel of high quality Good for all types of aggregate use. 
Thin in narrower volleys; over- because of stream sorting . Use may conflict with other stream-
burden generally a few feet thick. Abrasion resistance and resource values; management should 
Hazards include flooding, high weotheri ng resistance very consider stream dynamics and low 
ground water, severe stream- good. use potential of pits as landfills. 
bonk erosion, and channel change . 

Easily excavated. Deposits poorly sorted; Suitable for use as fill. Variable 
Overburden generally thin. grovel is mixed with fines. potential of pits for use os landfills. 
Hazards include local flooding 
and high ground water • 

Eosi ly excavated. 20 feet or more Grovel originally of high Prime agricultural land and residential 
thick with several feet of overburden. qual ity because of stream development, Restrict mining. Pits 
Hazards include flooding, high ground sorting. Good abrasion hove low potential for use as londli lis 
water, and severe channel change in resistance; weathering because of high ground water. High 
floodwoys. coatings locally. potential along Applegate River. 

Easily excavated except where Weathering coatings on grovel Requires washing and scrubbing; generally 
cemented locally. Estimated thick- locally. Cloy matrix locally. not preferred by industry. Not suitable 
ness 75 feel over Iorge areas. Moderate to good abrasion resist- for concrete aggregate. Variable land-

once. Moderate weathering resist- fill potential. 
once. 

Requires blasting where fresh. Difficult to crush. Dacite Suitable for embankments and sub-
Deeply weathered on rounded hills. reacts with mortar, also harsh bose; weathered material good for 
Coarse jointing. Steep-slope surfaces. Good abrasion resist- fi II. 
moss-movement potential. once. 

Requires blasting. Variable joints. Difficult to crush. Moderate Suitable for fill, embankments, 
Deeply weathered. abrasion resistance. and rood base and surface locally. 

Rippoble to needs blasting. Closely 
spaced shear planes. Deep moss 
movement out of area. 

Variable hardness, jointing, and Highly variable. Andesite Suitable for fill and embankments and 
regolith as function of bedrock and dacite dikes react with rood base and sub-base. 
type and selling. mortar. 
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Geologic unit and rock types 

Pliocene basalt (Tpb): 
basalt 

Eocene and Oligocene 

e volcanic rock (Teov): 
·c: breccias, agglomerate, " 

andesite flows; also u 
·g. sediments 

0 v 
Eocene and Ol igocene Ol 

� t uffoceous rock (T eot): 0 c tuffs, sedimentary rocks 
v 
.� 

Eocene sedimentary rocks -o v "' (Tes): -o c sandstone, shale 0 () 
·c: 0 () Cretaceous sedimentary 0 > rock (Ks): 

sandstone , mudstone 

Galice Formation (Jg): 
siltstone 

Applegate Formation CRov): 

- various metavolcanics 
c " 
() 
Ol 0 Applegate Formation ("Ros): 

0 altered sedimentary rock, v 
argi l l i te,  chert, limestone Ol 

.� .s: 
Moy Creek Schist ("'Rmc): e-0 metovolconics, schist, E 0 phyllite, slate Q; 

:E 

Table 8. Aggregate potential of geologic units, centra l Jackson County, Oregon (continued) 

Specific engineering 
Genera I engineering properties considerations 

Medium to wide jointing. Fresh Good abrasion resistance. 
and very hard . Overburden of Good weotheri ng resistance . 
old al luvium. 

Volcanics with variable hardness Abrasion and weathering 
and jointing; require blasting. resistance good to poor. 
Variable regolith, out generally Andesite reacts with mortar. 
thin. Sedimentary interbeds and 
steep slopes hinder use. 

Easily excavated. Thick regolith Very low abrasion resistance 
and weathered zone. Moss move- and weathering resistance. 
ment. Very low crushing strength. 

Requires blasting for deep cuts. Low abrasion resistance. Low 
Deeply weathered on flat terrain. weathering resistance. Tuff-
Variable hazard potential. oceous components weather 

easily to cloy. 

Generally rippoble. Thick regal it h. Very low abrasion and 
Minimal hazards. weathering resistance. 

Moderately di ffi cui t excovot ion. Low abrasion resistance 
Variable cutbank stobi I ity. and weathering resistance . 

Requires blasting for excavation. Abrasion resistance moderate 
Variable jointing, but general ly to good . Appreciable clay 
close. Variable overburden. in fines of crushed rock. 

Moderately hard with variable High cloy component. Cherts 
jointing. reactive with mortar. Low 

abrasion resistance. 

Requires blasting. Planar texture Low abrasion and weathering 
and structure. Variable overburden resistance locally. High cloy 
and moss-movement potential. or mica component. 

Potential uses 

Suitable for most uses. Esthetic 
values conflict with use potential. 
Selective talus removal.  

Volcanic rocks suitable for embank-
ments, rood bose and sub-bose rood 
surface. 

Not suitable for use as aggregate . 
Pits hove good landfill potential. 

Not suitable for use as aggregate 
except for fi I I .  Moderate land-
fi I I  potential. 

Not suitable for use as aggregate . 
Good landfill potential. 

Not suitable for use as aggregate 
except fill locally. 

Suitable for paving, rood bose, 
backfill, riprap, and embankment$; 

not suitable as concrete aggregate. 

Used for forest roods where other 
materials not available. Suitable 
for some fill and embankments. 

Generally not suitable for oggre-
gate. Planar shapes not stable in 
fi l ls  ond embankments. Meta-
volcanics good locally. 
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restrictive, however, and selective removal of grovel from acceptable areas is recommended for consider
ation, provided the removal is port of a wel l-coordinated sequential land use program. For example, turning 
excavated areas into urban lakes will enhance surrounding land values and provide potential sites for water 
recreation. In addition, the lakes which con be designed to accept urban winter runoff con be drained 
in the summer to reduce the high summer water table in irrigated areas. The drained water con be o source 
of supply for additional irrigation in neighboring areas. 

Management of urban lakes is  discussed by Rickert and Spieker (1971) and Britton and others (1975). 
Pits near major streams must be properly located and designed to prevent their being reclaimed by the river 
chonnel during Iorge floods (see Stream Erosion and Deposition). 

The location of quarry sites in bed rock is l imited by geologic hazards and the type and quality of 
the bed rock, weathering, and overburden. Factors such as these vary considerably over short distances. 
Policies to control the location and expansion of quarries for aesthetic or other purposes must be flexible, 
and it is probably not possible for a l l  new quarry activities to be located out of sight of the general public. 
A good reclamation plan is a viable alternative. 

To facilitate early agreement between a l l  parties affected by future aggregate operations in a given 
area, the county should hove a variety of basic data sources on hand, as suggested by Weaver ( 1 976). 
These should include resource mops, site-performance criteria, zoning mops, ownership mops, operating 
standards, procedures for conditional-use permits, and procedures for assuring citizen and industry input 
to county planning decisions. 

M e t a l l i c  a n d  N o n m e ta l l i c  

General 

Metal l ic and nonmeta l l ic  mineral materials which con be extracted profitably under present economic 
conditions with present technology are considered resources. Deposits may include proved reserves, where 
the evaluation is based on sampling, tests, and detailed geologic evaluation; probable reserves, where 
analysis is less systematic and less nearly complete; and possible reserves, where the presence of minable 
deposits is suggested on the basis of incomplete evidence. 

Most metal l ic and nonmetall ic occurrences in the study area ore indicated by a history of piecemeal 
production and prospects under o variety of economic and technological conditions. Systematic analysis is 
generally locking, and deposits ore best characterized as possible reserves . Mine and prospect localities 
ore shown on the geologic mops. In formulating general land use policy, the mineral-resource potential 
is on important element which warrants consideration equal to that of other factors, if maximum benefits . 
ore to be derived from the land. This section is intended as a general planning tool and not as on exhaustive 
treatment of the mineral potential. 

Reserves 

Estimates of the relative potential for future discoveries of the various mineral commodities of 
Jackson County ore based primarily on post production and a knowledge of the pertinent geology, as 
summarized on Table 9 .  Projections of actual future development ore based on a consideration of (l)  the 
potential for future discoveries, (2) the size of the deposits and the cost of production, (3) competition, 
and (4) cost and transportation d istonce. The general assessments given here ore based on incomplete data. 

Minerals having o low probability of future development include molybdenum, nickel, platinum, 
mercury, manganese, and cobalt. Major factors in these determinations include outside competition and 
the poor record of discovery . H igher priced commodities such as platinum and molybdenum hove relatively 
higher potential for development if they are ever discovered in sufficient quantities. With the possible 
exception of the Shamrock sulfide deposit, the most promising nickel deposits in southwestern Oregon now 
appear to be located outside Jackson County. 

Minerals with moderate potentia l  for future development based on post production include cloy, 
chromite, copper, lead, zinc, and tungsten. Generally 1 however, known deposits ore not large enough 
to compete with outside sources. 
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Commod i t i es with possibl y very hig h  potential for future development incl ude gold , s ilver, coal , 
oil , and uranium . O il is c haracterized by a low potential for discovery but wou l d  be expl oited if it 
were ever d iscovered . Gold and s ilver have a history of ongoing mi ning and probably are st i I I  present 
in minable quantit ies and grades . Coal potent ial has not been reg ionally  assessed , but the presence of 
coal and the growing need for energy sources suggests  possible future activity . Commerc ial quant i ties of 
u ranium have not been d iscovered in J ackson County . T he bedrock geo logy , ground-water conditions , 
and sediment source areas of t he Eocene bedro ck units in the northern Bear Creek valley and Sams Valley 
are consistent , however, wit h  the development of economic uranium deposits i n  other areas of the United 
States . 

T he deve lopment potentia l of each mineral commodity varies through time wit h  t he various factors 
enumerated above . Of particular significance is the absence of systemati c and regional assessments for 
eac h commodity . As more sop histi co ted information i s  developed in t he fu ture , new depos its and new 
areas of high potential may be i dentified for many of the commodities . T his new information will be the 
basis of revi sions and refinements of t he assessments  given here . 

Recommendations 

T he broad-based potential for mineral development in t he study area warrants responsible considera
tion in the planning process . An i nventory of min i ng operations coupled with a commodity -by-commodity 
regional geologic evaluation is needed . T he regional assessments should be based in part on geochemi cal 
and geophysical invest igat ions , when avail able . 

Zoning decisions based on inadequate informat ion sho u l d  not arbitrari ly hinder mineral exp loration 
and development . T hus, land use zones in mineral ized areas should specifically allow for mi ning , eit her 
as part of the zone descript ion or as a condit ional use , i f  this i s  t he intent of t he governing body . Units 
and areas of mineral potent i al are summarized on Tabl e 9 and the geologic maps , respect ively . Absence 
of specif ic  mention of mining in zo ni ng ordinances can conceivably result i n  adverse court decisions t hat 
are co unter to the actual intent ions of t he governing body . 

Citizen input to planning should i nclude adequate no tification and participat ion of industry on 
i ssues related to mi ning . In add it ion,  in-house review of environmental i mpact statements should i ncl ude 
a considerat ion of mining potent ia l . 

G r o u n d W a t e r  

General 

Ground water i s  water t hat fi l l s  the open spaces in rocks and soil beneath t he land surface . T he 
zone of saturation i s  called the water table; the top of the water table conforms in a general way to 
the land surface but i s  general l y  at greater depths beneat h hill s than beneat h val l eys and depressions . 
Perc hed water tabl es that are s i tuated above t he regional water table are lo calized zones of saturation 
resting upon impermeable material . Perc hed ground water and areas of ground-water disc harge commonly 
impac t man• s activities and constitute local ized geol og ic hazards (see Hig h Ground Water and Pond i ng ) .  

Porosity is the percentage o f  open spaces,  suc h as pore spaces betwee n grains , fractu res,  and joints,  
per unit volume . T he size, number, and arrangement of these open spaces is  dependent on t he specific 
rock type , presence or absence of a Iteration or cementation , and deformatio n . 

Permeabi I ity , t he potential for transmission of water , is dependent on porosity , the size of the pore 
spaces , and t he degree of interconnection between pore spaces . T he coeffi cient of permeabil i ty is t he 
rate of f low (ga l lons per day) through a square foot of cross se c tion under a hydraul i c  grad ient of 1 00 per
cent at a temperature of 60° F .  Spec ific capacity is a more accurate measure of t he capacity of a wel l 

-

to produce water over a pro longed period of time and is determined by d i viding we I I  production (go l ions 
per minute) by the draw dow n  (drop in water table) under spec ified conditions . Material s suc h as sand , 
w hic h has a re l ative l y  high poros ity and permeabil ity , have a high specific capacity . In cont rast , jointed 
or layered bed rock may locally have high transmitt i ng potential but low spec ific capacity . Clay has 
high porosity 1 low transmitti ng potentia I 1 and low spec ifi c capacity . 
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Table 9. Metallic and nonmetallic mineral resources of central Jackson County, Oregon 

Estimated relative potential 
Mineral Geologic occurrence Production history for future discoveries 

Cloy Weathered Tertiary pyroclastic Local production in Teat Probable under favorable 
rock (Teat), flood-plain deposits, and Ks; favorable tests market conditions. 
deeply weathered Cretaceous in other places. 
sedimentary rock (Ks). 

Chromium As massive bodies and os Occurrences of very Very low; potential is some-
finely disseminated ore in low tenor ores ore what greater in the upper 
serpentinite and related noted; no current Applegate drainage south of 
rocks (sp). production. the study area. 

Cool Deltaic Eocene sedimentary Historic small-scale Future small volume 
rock (Tes and lower Teov) production; quality discoveries I ike ly. No 
in eastern Bear Creek volley. improves to northeast . regional assessment available . 

Cobalt With other vein minerals None. None. 
in granitic terrain. 

Copper As sulfides i n  fissures, veins, Several mines and Relatively good in view of 
and stringers in granitic numerous prospects. active history; potential for 
terrain (KJd). profitable mining probably low. 

Geothermal Mineral hot springs along Heo lth resorts and Uncertain. 
energy major bedrock structures commercial use of C02. 

in southern Bear Creek volley. 

Gold and As placers in terraces and Approximately 30 placer Good; historically many 
silver streams, as veins in shear zones and dredge and 75 lode operations were good producers 

and faults, and also as Creta- operations. regardless of depth (lode). 
ceous placers (Ks). Lodes Bedrock deposits restricted to 
restricted to pre-Cretaceous. pre-Cretaceous rocks and often 

clustered along faults; placers 
depleted. 

Lead Veins and shear zones near Prospects ond small- Moderate, based on number of 
and in granodiorite. scale production .  historic occurrences; economic 

potential low. 

Manganese As rhodonite veins along Numerous prospects, but Low. 
fractures and bedding planes no significant production. 
in pre-cretaceous rocks 
(l�as, "Rov) and as cavity-
filling oxides in Teov. 

Mercury Tertiary breccias and tuffs; Numerous prospects; small- Possible, with low probability 
also in fault and shear zones scale historic production in that discoveries will  be 
i n  metasediments (l�os). metasediments. economically significant . 

Molybdenum Veins in granitic rock (KJd}. Prospects; no production. Low . 

Nickel Prospect in pre-cretaceous •. None. Low . 

Oil If present, limited to Cretaceous No shows and no production; Very low. 
and Eocene marine sedimentary geology generally not favor-
rocks (T es, Ks). able in terms of structure, 

thickness, or reservoirs. 
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Table 9. Metal lic and nonmeta llic mineral resources of central Jackson County, Oregon (continued) 

Estimated relative potential 
Mineral Geologic occurrence Production history for future discoveries 

Platinum As fine disseminations in Prospect. Very low; measured bedrock 
ultramafic rock, including concentrations in southwestern 
some serpentinite. Oregon ore considerably below 

marginal quality. 

Tungsten Reconstituted limy sedi- Numerous prospects with Moderate; potential for 
mentory rock in "Ras or small-scale production competitive production 
as inclusions in KJd. locally. uncertain. 

Uranium Known to occur in No prospects; no Possible in Soms Valley 
deltaic sandstone inter- product ion. and Bear Creek valley. 
bedded with shale with 
appropriate ground-water 
conditions ond source 
areas. 

Zinc In veins and breccias of Prospects; small productic.,, Moderate, but low volume. 
Teat. 
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In areas where the geologic materials ore both porous and permeable and the hydraulic gradient is 
sufficient to generate flow, the ground water is in constant motion. Precipitation that is absorbed into 
the soil percolates to the water table and flows down the gradient to o point of discharge, This type of 
ground-water system con produce low-temperature water with fairly constant chemical characteristics 
and is generally o highly desirable resource. Because of local and regional variations in geologic con
ditions, ground-water quality and availability vary considerably in the study area. 

Geologic units 

Water-well records ore on file at the State W ater Resources Department in Solem and at the U. S,  
Geological Survey office in  Portland. Published reports include Young ( 1959) and Robison (1971,  1 972). 
Emphasis in this investigation is placed on the relation of ground water to geology. Data from producing 
water wells that are representative of many of the major geologic units are summarized in Table 10. 

Several thousand domestic wells are meeting the needs of single-family dwel l ings in the rural areas 
of Jackson County. Very few wells produce greater than 50 gal lons per minute on a sustained basis. For 
this reason, large demands such as irrigation are generally supplied by surface-water storage in the moun
tainous areas. Big Butte Springs, out of the study area, supplies drinking water to Medford. Absence of 
Iorge producing aquifers throughout the study area is reflected in the low bose flow of local streams. 

Surficial geologic units: Surficial geologic units include Quaternary alluvium (Qol}, Quaternary 
older a l l uvium (Qoa}, Quaternary a l luvial -fan deposits (Qof}, and Quaternary bench gravels (Qbg}. 
Wells in these units commonly penetrate to bed rock, and production potential of surficial units is com
monly difficult to interpret. Yields are generally limited to 20 gal lons per minute or less. Specific 
capacities are low to moderate. Larger flows are possible for specially designed wells in thick alluvium 
along major streams. Shal low wells which tap perched aquifers may be threatened by pollution from 
surface sources. Ground water recovered from Quaternary alluvium is generally hard. 

Metamorphic rock units: Very few reliable well logs are available for the metamorphic units (May 
Creek Schist ("Rmc), Applegate Formation ("Ros, "Rov}}.  Ground water accumulates in  recoverable quan
tities at shallow depths along fractures, joints, faults, and planes of schistosity. Production potential is 
generally low, and typical yields ore 5 gallons per minute or less. Greater yields ore possible along shear 
zones and other favorable structures. 

Water produced from the Applegate Formation is generally hard in terms of either sodium bicarbonate 
or calcium bicarbonate. No consistent pattern of occurrence of these constituents has been identified, 
Water produced from the metamorphic units is also commonly high in boron and fluoride. Boron present 
in sufficient concentration to be toxic to plants has been reported in chemical analyses of some wells 
(Robison, 1971 ). 

Volcanic rocks: Ground-water storage in  volcanic rocks is restricted to fracture zones, jointed 
flows, and permeable interbeds. Wells in the Eocene and Oligocene tuffaceous rock unit (Teat} are 
commonly productive because of the presence of permeable interbeds or jointed flow rock beneath the 
surface . Yields of 1 0  gallons per minute are possible under good conditions, and some wells ore artesian 
(the static water level is above the level of the producing aquifer). Small quantities of water also occur 
in perched aquifers. Ground water from the volcanic units is generally hard in terms of calcium bicarbonate 
or sodium bicarbonate and also contains boron and fluoride. 

Sedimentary rocks: Sedimentary rocks yield variable quantities of water at moderate depths in low
lying areas. Typical yields are 5 to 15 gallons per minute on a sustained-yield basis. High yields reported 
in some wel l  logs generally correlate with excessive drowdowns. Yields ore particularly good in  areas of 
regional shearing i n  northwest Soms Volley and possibly around Ashland where sedimentary units dip gently 
to the east and recharge areas ore exposed at the surface. Aquifers include fault zones, permeable inter
beds, and, possibly, bedding planes, 

The chemical quality of water derived from sedimentary rocks in the study area is general ly  good, 
with significant variations. Boron contents ore high in the southeast Soms Valley area and between 
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Tobie 10. Representative water wells for central Jackson County, Oregon 

Depth Woter depth Yield Drowdown 
Unit Location Owner Yeor (ft) (ft) (gpm) (ft) 

Quaternary NWi sec. 15, N. Chapman 1974 82 4/25/74 25 70/1 hr. 
alluvium T. 34 S . ,  R. 1 W. 1 2  static 
(Oal) 37 aquifer 

Quaternary Sec. 29, F. Hilton 1973 40 - 30 20/1 hr. 
older alluvium T .  36 S . ,  R. 2 W .  
(Ooa} 

NE! sec. 22, R • Gusto fson 1973 322 7/1 1/73' 3.5 298/1 hr. 
T. 37 S . ,  R. 2 W. 24 static 

178 aquifer 

NE!NE! sec. 27. D. Wooten 1975 134 2/26/75 5 Total/1 hr. 
T. 37 S . ,  R. 2 W .  8 static 

65 aquifer 

Quaternary SW!NE! sec. 16, J. Bone 1972 1 1 5  1 0/26/72 25 92/1 hr. 
bench grove I T. 36 S. , R. 1 W. 18 static 
(Qbg} 67 aquifer 

NW! sec. 22, F. Poole 1974 92 6/25/74 10 77/1 hr. 
T . 36 S. , R . 1 W . 15 static 

72 aquifer 

Sec. 25, K. Winn 1973 45 8/15/73 35 29/1 hr. 
T . 36 S. , R . 2 W .  1 6  static 

42 aquifer 

Eocene and Sec. 21, H. Phillips 1968 145 3/22/68 27 34/1 . 5  hrs. 
Oligocene T .  35 S . ,  R .  1 W. (basalt} 74 static 
tuffaceous 135 aquifer 
rock (Teol} 

SE! sec. 30, H. Shubin 1973 122 1973 16 99/1 hr. 
T. 36 S . , R . 1 E. 23 static 

1 1 7  aquifer 

Eocene SW! sec. 22, J .  Geneja 1974 162 6/26/72 1 4  98/1 hr. 
sed i me ntory T . 34 S. , R . 2 W .  6 4  static : 
rock 90 aquifer 
(Tes) 

SE!SE! sec. Zl, ·J . Lancaster 1970 140 5/13/70 120 113/1.5 hrs 
T. 34 S., R. 2 W. 20 

Sec. 29, D. Veabrycil 1968 83 6/3/68 60 53/2 hrs. 
T. 34 S. , R . 2 W. 30 

SEiNE ! sec. 32, C .  Lemock 1974 1 1 7  1974 7 100/1 hr. 
T. 34 S . ,  R. 2 W .  6 static 

44 aquifer 

NW! sec. 15, V. Hortlerader 1974 240 5/17/74 21 --

T .  35 S . ,  R. 2 W .  196 

SEiNE! sec. 16, E. Fordyce 1968 438 5/17/68 25 238/3 hrs. 
T . 37 S. , R . 1 W. 200 static 
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Tab le 1 0. Representat i ve water we l l s for ce ntra l Jackso n  County 1 Oregon (conti nued ) 

Depth Wate r dept h Y ie ld Draw down 
U n i t  Location Owner Year ( ft ) (ft )  (gpm ) (ft) 

C retaceo us NW!SW! sec . 21 P.  Mang 1 968 1 1 0 2/28/68 
sed i me ntary T . 37 s .  I R .  2 w .  3 1' stat i c  0 . 5  1 4(? )/1 h r .  
rock 36 aqu i fe r  
( K s) 55 a q u i fe r  

89 aqu i fer  
96 aqu i fer  

sw! sec . 1 8 1 W .  Ga ines  1 974 202 6/20/74 7 201/1 hr . 
T . 38 S . 1 R . 1 W . 1 stat i c  

32  a q u i fer 

N E!NEa sec . 1 5 1  D .  M c la ug h l i n  1 975 301  9/ 8/75 54 80/2 hrs . 
T .  38 s. I R .  2 w .  1 6  stat ic  

55 a q u i fe r  
264 aquife r  
286 a q u i fe r  

V o l ca n i c  Sec .  1 6 1  Phoen ix 1 967 200 7/31 /67 5 1  1 50/1 . 5  h rs . 
rock of T . 38 S . 1 R . l W . (c i ty )  1 8  stat i c  
App l egate Fm . 1 44 a q u i fe r  
(T�av) 

May C reek Se c .  201 A. A l len 1 969 300 5/5/69 2 240 
Sch i st T .  34 s. I R • 2 w .  60 
C"Rmc) 

Cretaceou s SE�N E± sec .  17 1  B .  Cochran 1 975 246 9/ 8/75 6 1 05/1 hr . 
and J urassi c T • 37 s. I R .  2 w .  40 stat ic  
d i or i te 1 26 a q u i fe r  
(KJd) 

Sec . 81 T .  R o l t h  1 976 83 5/2 1/76 40 60/1 hr . 
T • 35 s .  I R .  4 w .  9 sta t i c  

6 aqu i fer  

Sec .  1 0 1  A .  Sh i l le r  1 972 1 05 6/2 1 /72 25 64/1 hr . 
T .  35 s .  I R .  4 w .  2 2  sta t i c  

94 a q u i fe r  
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Jacksonvi l ie and Medford, and quantities toxic to certain types of plants are reported in some wells 
(Robison, 1971). High amounts of sodium chloride occur north of Medford . Nonmarine sedimentary rocks 
are high in calcium bicarbonate, and sedimentary rocks of the Sam's Valley area ore general ly high in  
sodium carbonate. Minor quantities of  l ithium are reported at Lithia Springs, 3 miles east of Ashland. 

Water from numerous wells near Ashland are high in various mineral constituents and carbon dioxide 
(Winchel l ,  1914; Robison, 1972). Water temperatures of 95°F are reported from a well at Jackson Hot 
Springs, 1 mile north of Ashland (Robison, 1972). Warm-water wells are also reported near Emigrant 
Creek (T. 39 S . ,  R .  2 E . ,  well #7 N 13 )  by Young ( 1 959). These geothermal manifestations are associated 
with major bedrock structures and may possibly indicate an energy resource. 

Intrusive rocks: Weathered diorilre and granodiorite produce ground water from the weathered zone 
and from joints or faults in fresh bed rock in amounts sufficient for domestic purposes. Potential for pro
duction is general ly good in areas of gentle topography but is low in areas of steep terrain. The ground
water potential of other intrusive rocks including serpentinite and metagabbro is probably very low. 

Recommendations 

Pollution and natural mineral content are two factors that affect water quality in Jackson County. 
Shal low wells should be designed so that surface pollutants do not enter the aquifers. Water from particu
larly deep wells should be chemica lly treated prior to use. Wells of intermediate depths are generally 
the most likely to produce good quality water. 

Many well logs that are presently available are inadequate for accurate resource evaluation. Pre
cision and consistency in production testing, rock identification, and identification and description of 
aquifers shou I d be encouraged. 

For planning purposes, typical water wells should be regarded as sources of supply for rural domestic 
use. Sources of ground water suitable for urban needs are found only out of the study area or in the thick 
gravel alluvium along the Rogue River. In the Bear Creek valley,groundwater may be a potential alter
native source of irrigation water. Specialized recovery techniques may include regional draining of 
areas with high ground water or redistribution of ground water which natural ly  fil ls large excavations such 
as aggregate pits. 
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GEOLOGIC HAZARDS 

G e n e r a l  

Orderly development which insures public health, safety, and we lfare is difficult and complex. 
The complexity is greatly reduced when planners understand the natural characteristics of the land, the 
processes that shape it, and geologic hazards that threaten it and rational ly  use that knowledge in the 
guidance of growth . Geologic hazards of concern to the planner include mass movement, slope erosion, 
stream flooding, stream erosion and deposition, and earthquake potenti a l .  Each hazard is characterized 
by unique distribution, cause s ,  and ranges of impacts. In this report, recommendations for treatment or 
mitigation of geologic hazards are flexible to a l low for variations i n  physical ,  social,  political, and 
economic settings. The distribution of geologic hazards based on reconnaissance investigations is indicated 
on the accompanying geologic hazards nnaps. 

M o s s  M ov e m e n t  

General 

Moss movement is the movement of rock or soil material downslope in response to gravity. Table 3 
summarizes several kinds of mass movement in the study area, including deep bedrock slumps and sl ides, 
eorthflow, steep-slope moss movement (debris flow, debris avalanche), creep, and potential mass move
ment. The parts of this study dealing with mass movement are reconnaissance and provide a valuable tool 
for planning as regional guides and guides to on-site evaluation. They are not substitutes for on-site in
vestigations, however. 

Causes 

Mass movement occurs on slopes where the downslope component of gravity exceeds shear resistance . 
In areas of sliding, potentia I sf iding, low cutbank stobi I ity, or hazardous slopes, the activities of man 
should be controlled to assure that the downslope component of gravity is minimized and that shear resist
ance is maximized. 

Downslope gravity component: The weight of the regolith column is increased by the placement of 
fi l l  for road construction or other purposes, saturation during winter rains, and artificial obstruction of 
surface and shal low subsurface runoff by improperly designed roods, poorly located dwe l l ings, and other 
developments. 

Models of slope failure presuppose that the weight of the regolith column is perpendicular to the 
earth's surface. Where nearby blasting or seismicity is a factor, a horizontal component of acceleration 
is introduced along with the vertical gravity component. The resulting incl ined direction of acceleration 
has the some effect from on engineering standpoint as does steepening of the slope. Also to be considered 
is the disaggregation and consequent loss of strength caused by blasting of regolith. 

Shear resistance: The buoying up of soil particles under saturated conditions reduces internal friction 
and shear resistance . When soil water is increased to the point of saturation by rainfal l ,  drainage inter
ference, or blocking of springs, shear resistance decreases and potential for sliding increases. Under 
conditions of heavy rain, infiltration may exceed the rote of shallow subsurface drainage so that the liquid 
limit of the soil is actua l ly  exceeded (Campbe l l ,  1 975). Debris flows in colluvial pockets over impermeable 
bed rock may result. 
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Cohesion, the bonding attraction of soil particles, varies with soil type and water content. Silts 
(see Table 3) have low cohesion when dry, moderate cohesion when wet, and no cohesion when saturated. 
Clay-rich soils (see Table 3) con generally accommodate large quantities of water before reaching their 
liquid limit. Loss of cohesion produces slow-moving landslides or expanding soils. 

Root support by trees is  now recognized as a primary agent of stability in colluvial areas on steeply 
sloping terrain. Root support declines rapidly after logging, and many slides in logged areas are attributed 
to the loss of root support through root decay. In wooded areas it is doubtful, however, that increased 
soil moisture associated with logging has a measurable impact on slope stabi lity. 

Distribution 

Table 1 1  lists the prevalent types of mass movement in the study area; provides a general definition 
and description of each type of mass movement; and summarizes the distribution of each in terms of slope, 
landform, bed rock, structure, and associated ground-water features. 

Interpretation of mass movement on the geologic hazards maps is based upon extensive field recon
naissance, topographic analysis, consideration of slide mechanics, and aerial photographic analysis 
(scale 1 : 20, 000 with a 3X magnifier). More refined delineation costs more and requires more detailed 
field work, larger scale photographs, and larger map scale. Locally, remote sensing, geophysics, and 
monitoring can be appropriately utilized in highly critical areas. 

The planner must be concerned both with existing landslides and with future sl ides in new areas. 
Cutbank failures resulting from improperly engineered cuts can general ly  be avoided by adhering to the 
provisions of the Uniform Building Code. Critical features such as jointing, bedding, clay content, and 
subsurface flow, however, present special problems. These factors and cutbank stability are discussed in 
the section entitled Engineering Properties of Geologic Units. 

Another category of future slides encompasses sl ides that wi I I  be initiated by natura I or artificial 
means other than cuts, including overloading, changes of drainage, and removal of vegetation. Table 1 2  
summarizes geologic units i n  the study area as they relate to engineering properties related to sl iding, 
types of future s lides, and activities of man which may contribute to sliding. I nterpretation of slide poten
tial is based primarily on slide causes that were discussed earlier. For additional detai l ,  the reader is 
referred to the discussions of each of the engineering properties (see Engineering Properties of Geologic 
Units). 

The distribution of present mass-movement features is presented in the geologic hazards maps. 
Additional mapping of areas of future mass movement can be accom pi ished on a regional basis using 
overlays of slope, critical topographic features, and rock type (see Table 1 1  ). More detailed maps of 
local extent can be generated by plotting in detail engineering features that contribute to sliding in 
each of the geologic rock units (see Table 12). 

Impacts 

Impacts of mass movement vary with the types of mass movement under consideration. Deep bed
rock failures are either active or inactive and have associated with them irregular ground-water and 
drainage conditions, highly variable foundation strengths and cutbank stabilities, and secondary sl ides 
in  eroding areas. 

Earthflow and slump topography ore associated with poor drainage, shal low subsurface flow of 
ground water, and the possibility of ongoing movement which can destroy man-mode structures such as 
roads, homes and other buildings. In addition, active earthflows leading into streams adversely affect 
water quality. 

Debris flows and debris avalanches general ly  occur in uninhabited areas and therefore pose greatest 
threats to water qua I ity and the forestry resource. Logging roads are particularly subject to damage. 
Another impact is topsoi I loss which in extreme instances also reduces the water-retention capabilities of 
regolith, thereby contributing to loco I areas of increased storm runoff. 

Rockfa l l  and rockslide are minor hazards in most of the study area but pose threats to hikers and 
motorists in the more steeply sloping terrain. Roll ing rocks in areas of high relief occasionally travel 
considerable distances beyond the bases of slopes from which they were derived. 
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Tab l e  1 1 .  Mass moveme nt in centra l Jackson Cou nty , Oregon 

Descript ion 

Dow nward moveme nt of rock or rego l i t h  a l ong a 
c urved basa l shear p l a ne; accompa nied by bac k 
ward rota t ion of the s l ide b l ock . C haracte r ized 
by pronounced headscarp ove rlook i ng irregu l a r ,  
more gent ly s l op ing terra i n .  

Dow ns lope move me nt o f  rego l i t h  a l ong numerous 
s hear p l a nes in a m a n ner  ana logous to h i g h l y  
v iscous f l ow; genera l ly a c companied b y  rotat iona l 
fa i l ure ups lope . C haracter ized by irreg u l ar topog 
raphy , sag po nds,  a nd irreg u lar i t ies  of so i I d i str i b u 
t ion a nd dra i nage . Commo n l y too sma l l  t o  be 
dete cted w i t h  aeria l p hotograp hy . 

Rapid f low or s l i d i n g  of re go l i th  down steep s lopes 
a long bedrock surfa ces approx i mate ly para l l e l  to 
t he s l ope . C haracter ized by I i near deposits of  
u nvegetated co l l uv i um in  steep dra i nageways . 

Fa l l ing and ro l l i ng rock at t he base of c l i ffs . 
C ha rac te rized by unve getated ta l us or scattered 
bou l ders on  s l opes benea th  c l iffs of  joi nted or 
fa u l ted hard bed rock . 

Di stri bution 

Moderate ly steep to steep s lopes in  yo uthfu l  
va l leys o f  mode ra te ly large to large streams . 
Common in fa u l ted terra i n ,  joi nted terra i n , 
a nd areas of i nte rbedd i ng of d i st i nct ly d i ffer 
i ng rock type s .  Favored by deep perco l a t ion 
of gro u nd water . 

Moderate l y  steep to steep s l ope s in areas of 
l ow surface r unoff a nd si g n i fi cant c he m i c a l  
weatheri ng .  Most common a l so a l ong fa u l ts,  
jo i nts,  a nd bedrock contacts; a l so common 
in heads o f  g u l l ies or in areas of natura l 
or a rt i fi c i a l  u ndercutt i ng of rego l i t h .  U n i ts 
i nc l ude sp , Teot , T eov , a nd Tes . 

Steep to very steep sl opes w here rego I i th  
ove r l ies i mpermeab le bed ro ck a nd where 
sha l l ow subsurfa ce f low i s  s i g n i f icant ,  as 
in steep I i near dra i nageways .  Favored by 
s i l ty so i l s  pro ne to l iq uefact ion w hen sat 
urated a nd by re mova I of vegetat ion a nd 
conseque nt l oss of root support . U n i ts 
i nc l ude K Jd and metamorp h i c  roc k .  

Ve ry steep s lopes w it h  exposures of  j o i nted 
o r  fau I ted bed roc k ,  part icu lar ly brecc i a ,  
agg l omerate , a n d  f low i nterbeds i n  Te ov; 
a l so parts of "Rmc a nd other metamorp h i c  un its . 
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Relatively 
high or great 
Variable 
Moderate 
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Quaternary allu-
vium Qol 

Quaternary allu
vial fan deposits 

Qof 

Quaternary older 
alluvium Qoo 

Quaternary bench 
grovel Qbg 

Pliocene 
basalt Tpb 

Eocene and 
Oligocene vol
canic rock Teov 

Eocene and 
Oligocene tuff
aceous rock T eot 

Eocene sedimen-
tary rock T es 

Cretaceous sedimen-
tary rock Ks 

Gal ice Formation 
Jg 

Applegate Forma-
tion 'Rav 

Applegate Forma-
tion 'Ras 

May Creek 
Schist "Rmc 

Diorite and 
granodiorite KJd 

Gabbro KJgb 

Serpentinite 
sp 

Tertiary intru
sive rock Ti 
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Ta.ble 12. Slide potential of geologic units 
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Types of slides 
and activities 
which promote 
sliding 

No present slides; future 
failures restricted to 
cutbank failure in deep 
cuts and areas of un
favorable ground-water 
conditions or incompetent 
interbeds. 
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Future slides highly var
iable including deep bed
rock failure a long fou Its; 
earthflow ond slump over 
fine-grained sediments; 
and rockfall and rock-
sf ide in flow rock, brec
cias, and agglomerates. 
Cutbank failures in deep
ly weathered terrain on 
gentle slopes. Other 
failures the result of im
proper cuts or poor droi n
oge control. 

Future failures primari ly 
steep-slope foi lure in
cluding debris flow and 
debris avalanche as a 
result of improper cuts, 
drainage obstructions, etc. 
Eorthflow and slump in 
"kmc result from stream 
undercutting in youthful 
terrain. 

Future slides primori ly 
debris flows ond debris 
avalanches on steeply 
sloping KJd in areas of 
saturation, thick regolith, 
and removal of vegetation. 
Other failures include 
eorthflow in poor cuts in 
sp or KJgb. 
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Areas of specia I concern 

With changing land use and multiple land uses of specific parcels of land, areas of special concern 
are occasionally identified. Present ly, the Ashland watershed is such an area, in view of its multiple 
uses as forestry resource and municipal watershed and its high potential for mass movement ond slope 
erosion. Land-management decisions in areas of special concern require systematic analysis of data and 
ongoing data collection. Consideration of the Ashland watershed i I I  ustrates the procedures that can be 
followed and the types of data that should be collected. This discussion is technical and is intended in 
part for use by the resource specia list. , 

Figure 16 shows the steps that can be followed in land management analysis of critical mass-move
ment potential. In Step 1, geologic units and hazards are identified. For the Ashland watershed, the 
unit is granodiorite (KJd) and the hazards are steep-slope failure, erosion, and torrential-flood potentia l .  
For the purpose of this discussion, mass movement is  identified as the general hazard which is being ana
lyzed. In Step 2, specific types of mass movement that are identified are debris flow and debris avalanche. 

In Step 3, mappable terrain factors are identified. For the Ashland watershed, they may include 
steep slopes, bedrock jointing, depth of weathering, locations of shallow subsurface flow, high silt content 
of the regolith and soi I ,  locations upslope from the outer bends of meanders, areas below saddles i n  ridges, 
and location of thick col luvium in droinageways or on north-facing slopes. Other considerations may include 
irregularities of vegetation patterns, concavities in slopes, and other soi l-water features. Monitoring and 
detailed mapping may be required to adequately delineate some of these features. Present ly, ground-
water relationships are being monitored in the Neil Creek basin by the U. S. Forest Service for the purpose 
of aiding the analysis of the Ashland watershed. The professional judgment of qualified specialists is gen
erally required for proper treatment of many pertinent mappable terrain factors. 

Overlays are prepared in Step 4. Care must be taken to assure that information on overlays is accu
rately related to site conditions as they occur on the ground. For example, slopes interpreted from sma l l
scale maps ore generally less intense than many slopes observed on the ground because of the averaging 
effects of map scale and contour spacing. Selection of slope categories must first define slopes with funda
mental significance to stabi l ity and then relate slopes properly in the field to slopes as they ore interpreted 
from topographic mops. In this report, local slope variations ore given for each slope category. 

In Step 5, categories of mass-movement susceptibility are defined and plotted on a composite map. 
Land use decisions based on the limitations of present-day technology ore then made either for the entire 
area of critical concern or for specified areas within the total area of concern. If logging is judged accept
able in certain ports of the Ashland watershed, sophisticated land-management techniques such as helicopter 
logging, selective logging, conservative rood design, and strategic design and placement of culverts wi l l  
undoubtedly be required. 

Recommendations 

Reliance on human memory to define slide hazards completely is not adequate. Memory is incomplete 
and often i naccurote and makes no allowance for changing stability with changing land use. Furthermore, 
it does not provide the sophistication required to address a l l  pertinent factors of potential mass movement.  

The grading provisions of the Uniform Building Code should be adhered to in al l  cuts and f i l l s .  On 
steep slopes, areas of moss-movement potentia I, or areas of past moss movement, more detailed and rigorous 
treatment is generally required. Same of these areas are identified on the geology and geologic hazards 
maps of this report. Others that require more detailed mopping ore identified in Tables 1 1  and 1 2. Specific 
analytical techniques al low resolution beyond the scope of this report (Figure 16). 

Treatment of slide-prone areas varies with the nature of the moss movement and the nature of the 
land use. In general terms, the treatment must effectively address the specific causes of the failure (see 
Mass Movement - Causes, Table 1 1 ) .  
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STEPS: 
r---------------------------------------� 

1. DETERMINE GEOLOGIC UNITS AND 
GENERAL GEOLOGIC HAZARDS: 

using geologic mops 

2. 

3. 

4. 

5. 

using geologic hazards mops 

DETERMINE SPECIFIC TYPES OF MASS 
MOVEMENT: 

using geologic hazard mop legends 
using Table 1 1  
using other available literature 

RELATE SPECIFIC TYPES OF MASS MOVE
MENT TO MAPPABLE TERRAIN FACTORS: 

including bedrock engineering choroc
teristi cs (T obles 3 and 12)  

including regolith engineering charac
teristics (Tables 3 and 12) 

including topographic factors, ground
water data, and vegetation 

PREPARE OVERLAYS FOR SELECTED TERRAIN 
FACTORS: 

including factors such as slope, topo
graphic setting, vegetation, ground
water, regolith thickness, and bed
rock engineering factors 

EVALUATE MASS-MOVEMENT POTENTIAL 
AND RELATE TO AVAILABLE TECHNOLOGY 
AND DESIRED LAND USE: 

using the overlays to identify and define 
specific categories of susceptibility 

determining if ovo'iloble technology con 
accommodate the hazard within the 
context of the desired land use 

Figure 16. Land-management analysis in til'eas of cl'itical mass-movement 
terrain. 
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S l o p e  E r o s i o n  

General 

S lope erosion is the removal of soil or weathered bed rock which occurs as a result of sheet wash (no 
conspicuous channels), r i l l  erosion (numerous small rivulets), or gully erosion (larger, more nearly permanent 
channels). It does not include erosion by larger channels  between slopes, stream-bank erosion, or mass 
movement, a lthough these are sometimes considered together in  regional analyses of soil loss. Dominant 
factors control l ing slope erosion are land use, land cover, slope, soil  type, and rainfa l l  intensity. 

Soil erosion is extremely sensitive to slope gradient and moderately sensitive to slope length. The 
slope-intensity factor in the study area is greatest in the mountainous areas in the west and along steep 
volley sides in the east. It is least in the flat bottom lands. 

Soil erodibi l ity varies greatly with land use and soil cover. Sediment-yield rates, where they hove 
been measured, provide a good general guide to slope erosion but should not be confused with actual soil 
loss (Wischmeier, 1976). Sediment-yield studies do not measure foot-slope deposition and other focal 
forms of deposition which capture much of the eroded material before it ever reaches the stream being 
monitored. Actual soil loss is a lways greater than measured sediment yield. 

In California, Knott ( 1973) demonstrated that the conversion of woodland to intensive agriculture 
and construction increased sediment yields by 65 to 85 times. Yorke and Davis (1971) record a 90-fold 
increase in sedimentation during conversion of posture land to townhouses in a smal l  watershed in Maryland. 
In the H. J. Andrews Experimental Forest, uncontrolled clear-cut logging increased rates of sedimentation 
67 times. Anderson (1971) reports similar results in a similar study in California. Langbein and Schumm 
( 1 958) determined that in areas with greater than 40 inches of annual effective precipitation, the sediment
yield rate under natural vegetation was approximately 200 cubic meters per ki lometer per year (about 
1 , 500 tons per square mile). In  areas with lower rainfa l l ,  the sediment yield is greater because of de
creased protective cover offered by natural vegetation. These figures apply to land in the natural state; 
erosion in agricu ltura I or construction areas is much higher. 

Soil erosion is also a function of permeability, structure, grain size, and organic content of the 
soil. In  the study area, many of the soils are composed primarily of silt and fine-grained sand, which 
are both easily eroded. On some of the steeper slopes, very shallow depths to bed rock increase soil 
erosion because of decreased infiltration and increased runoff. 

Methods of study 

Many of the diverse factors contro l ling soi l erosion ore brought together in the Universal Soil Loss 
Equation developed by the U. S.  Department of Agriculture ( 1972). 

A =  (R) (K) (LS) (C) (P) 

"A" refers to the annual soil loss in tons per acre; "R" is the rainfa l l  intensity factor; "K" is a 
measure of soil erodibility; "LS" is a slope-intensity foetor which considers slope gradient and slope 
length; "C" is the land-cover and land use factor; and "P" is a factor of conservation practices. Unti I 
very recently, empirical data used in deriving the equation was based entirely on studies of flat to gently 
sloping agricultural land. Land use figul'es are now extended to consider nonagricultural uses. 

Figures for steeper slopes are extrapolated beyond the range of empirical data and ore used only for 
specu lative estimates. In practice, mass-movement processes are a greater concern on more steeply sloping 
terrain. The Universal Soil Loss Equation is appropriate for estimating soil losses for particular parcels of 
land, however, giving good results within broad limits for gently sloping terrain (Wil l iams and Berndt, 1972). 

Additional techniques for estimating slope-erosion potential on a regional basis are also available. 
In o manner similar to the analysis of mass-movement terrain in Figure 16,  a series of pertinent overlays 
can be developed for a region; and a series of erosion-potential provinces con be defined. These can be 
related to existing erosion data and monitor information to produce relative measures of erosion or actual 
semiquantative estimates of erosion. The identification of erosion-potentia I provinces o I so al lows the 
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projection of erosion data from one loca lity to other areas of similar nature. The erosion-province method 
of analysis is appropriate for regional assessments of erosion potential and sedimentation potential in gently 
to moderately sloping terrain.  

Impacts 

Severe slope erosion removes valuable topsoil and may form gullies, damage landscapes, and hinder 
revegetation. When al lowed to continue to extreme conditions, it may result in more rapid storm runoff. 

Soi I materia I that is carried to streams may adversely impact stream biology and cause greater flooding 
by raising the stream bed. Although increased turbidity is also an adverse impact of slope erosion, it is 
largely the resu It of moss movement and stream-bank erosion. 

Areas of special concern 

Areas of steep slopes, erodible soi Is, or poor ground cover are generally places of special concern 
with respect to slope erosion. In  the study oreo, these localities include mountainous areas and disrupted 
regions in which construction has occurred and natural vegetation has been removed. Of particular concern 
are the clay-rich soils of the Cascade Ronge, which contribute to stream turbidity, and the si lty-loam soils 
of the steeply sloping gronodioritic terrain (KJd), which contribute to stream turbidity and stream deposition. 
The Ashland Creek watershed is on oreo of special concern. 

Areas of special concern may be analyzed in o manner similar to that for critical moss..movement 
terrain (Figure 16). Specific areas are identified by using the geologic and geologic hazards maps. By 
using the text and Table 3, mappable terrain factors are selected and overlays are prepared. Supplemental 
field work, l iterature, and monitoring may be required. The slope-erosion hazard is then analyzed in l ight 
of desired land use, available technology, and land-monagement techniques. 

Recommendations 

Proper assessment of slope erosion requires systematic and balanced analysis. Impacts of mass move
ment and stream-bank erosion are commonly far greater than impacts of slope erosion, especial ly  in steeply 
sloping terrain. For example, of the 150,000 cubic yards of clay and boulders removed from Reeder Reservoir 
after the 1 974 flood, over half was caused by stream-channel erosion; most of the remoinder was the 
result of rood construction (Wilson and Hicks, 1 975). Natural slope erosion was actually a minor factor. 
A fundamental recommendation in erosion interpretation, therefore, is to consider a l l  means by which sedi
ment may be introduced into streams. Do not assume that slope erosion is the only process. 

Various governmental agencies ore involved with soi l-erosion investigations and treatment. The 
U. S. Forest Service conducts hydrologic studies and investigotes sedimentation and erosion resulting from 
forest practices on Federal lands. The Oregon State University Department of Forestry investigates erosion, 
sedimentation, and streamflow related to various forest practices. The State Deportment of Forestry regu
lates forest uses through implementation of the Forest Practices Act of 1 97 1 .  

Slope erosion can be minimized by proper planning and management. Roads i n  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 d isturbances should be kept to o minimum and perhaps avoided during 
the rainy season. Where new land uses will measurably affect infiltration rates, adequate provisions 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 os mulch, 
asphalt spray, plastic sheets, sod, or jute matting in critical erosion areas and cuts. Logged or devegetated 
areas should be replanted where reseeding has been unsuccessfu l .  
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H i g h  G r o u n d  W a t e r  a n d P o n d i n g  

Genera l 

A water tab l e  s i tuated h igh  enoug h  to have an adverse effect  on se l ected human act ivi t ies is termed 
h i gh  grou nd water . I t  i s  re cog nized on the bas i s  of we l l - log data and su rfi c ia  I and soi I features suc h as 
marshy g round,  the presence of reeds or ma rsh g rass, extreme ly f la t  topography or depress ions , h igh  organ ic  
conten t  of  so i l ,  a nd b l ack to  b l ue -gray mott l i ng of t he soi l  at sha l low depths . Pond i ng i s  t he loca l accumu
l at ion of runoff in areas  of l ow s lopes ,  topographi c restr ict ions,  a nd low permeabi l i ty of the unde r ly i ng 
soi l or bed rock . I t  is recognized by the same features tha t  characte rize h igh  ground wate r .  

H i g h  g round water was  re cogn ized as a prob lem i n  the Bear Creek va l l ey i n  t he beg i nn i ng days of 
deve lopme nt; i n  fac t ,  the o l d  stage coach roads orig i na l l y avo ided t he va l ley bot tom for t hat  reason . I n  
the  late 1 950 ' s , dec l i nes i n  pear yi e lds were traced to  r i si ng grou nd water . Subsequ en t ly , th e spread of 
t he h ig h ground -water prob lem has co i nc ided to some extent w i th t he spread of i rr igat ion pract ices . 

Causes 

H i gh  g round wa ter and po nd i ng in the study area are t he product of numerous processes and factors,  
few of whi ch are c l ose ly re l a ted or can be re lated to mappab le  te rra i n  factors . T he k i nds of water that 
contr ibute to the h igh  ground-water and po nd i ng prob lem i nc l ude ( 1 )  w i nter ra i n  wa ter , wh ich  i s  fa i r ly 
uniform i n  d i st r ibut ion; (2 )  g round-wate r f low a nd soi l-water f low,  whi c h  requ ire detai l ed ana lysis for 
mappi ng; (3) i r r igat ion,  the i mpact of wh ich  i s  fe l t  on ly in t he summe r t ime a nd wh ich  var ies  w i th  manage
me nt pract ice; (4) stream fl ood ing ,  w hich  prod uces bank overf low and acc umu l a t ion i n  l ow- ly ing areas; 
and (5) surfaci ng of ground water on f la t  terra i n at  th e bases of certa i n  s l opes . 

Bedrock factors co ntr i but i ng to t he hig h ground-wa ter  and ponding prob lem i nc l ude the var iab le rock 
mater ia l of t he te rrace un it s  and its d i st r ibution i nto l aye rs and other un i ts . T hus,  t he comp lex geo log ic  
h istory o f  t he va l l ey ,  i nc l ud i ng fa n format ion,  st ream meander ing and bra id ing , a nd c l imat ic cyc les  of  
erosion a nd deposi t ion , i s  to  be cons idered in  the ana lys i s  of g round -wa ter prob lems . D i ffe rent soi l s  a nd 
soi I hor izons a l so i nfl uence t he m ig ra t ion of ground wate r .  Restr ict ive l ayers are fi ne-gra ined f lood deposits 
at  t he surface , t i l l age pans in a reas of i nappropria te traffi c ,  a nd c l ay-r ich  B horizons or ceme nted hor izo ns 
i n  areas of mature soi l s  and deep weather ing . Determ i nat ion of t he d i st r ibut ion of each of these factors 
requ i re s  deta i l ed fi e l d inspectio n .  

Pond i ng i s  a l so contro l led by the speed a t  wh ich  runoff moves over the land re lat ive to t he rate a t  
which  i t  accumu l a tes o n  t he su rface . Accord i ng l y ,  f l at or near ly  fl a t  te rra in i s  t he s i te o f  most pond i ng .  
Sma l l  e levat i on cha nges of a few fee t or le ss ca n ofte n cont ri bute to pondi ng over l a rge areas where run
off i s  restr icted . Deta i l ed terra i n  ana lyses address ing t h i s  factor requ ire use of map sca les and contour 
i nterva l s  w i th  fa r greater re so l ut ion than those of th i s  study . Subt le  terra i n  changes introduced by deve lop
me nt mus t  a l so be  considered . 

D i str ibut ion 

T he hig h ground -water a nd pond ing phenome na of the study area a re the resu l ts of a var iety of 
loose ly re l ated factors which genera l ly vary s ign i fica nt l y  over short d istances . Meani ngfu l mapp i ng on a 
reco nnai ssance bas i s  is d i ffi c u l t  and beyond t he scope of th i s  study . Genera l ly ,  h i gh  ground water and 
pond i ng are restr icted to areas under l a i n  by Quaternary o lder a l l uv ium (Qoa ) ,  Q uaternary be nch g rave l s  
(Qbg) ,  a nd f la t- ly i ng te rra i n  over impermeab le  bed rock . 

Detai l ed on-site study is requ i red for re l i ab le  assessments i n  many instances,  and h igh ly  techn ica l 
reg iona l research is requ i red for de l i nea t ion in larger areas . New techn iq ues i n  remote se ns ing  of soi l 
moi sture have y ie lded sem iquant i tati ve re su l ts on  t he bas is  of soi l darkness ,  soi l tempera ture , and soi l  
m ic rowave emi ssiv i ty . Success has bee n l im i ted , however ,  e i ther  t o  areas of acc urate soi l s  mapp i ng or 
bare g rou nd devoid of vegetat ion . 

De l i neation of the h igh  ground -water and pond i ng hazards shou l d  not be based on i nsuffi c ient 
cr i ter ia . For examp le , many va l ley soi I s  of the study area are descr i bed as we l l -dra i ned to moderate ly  
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we l l -drai ned in re cogn i t ion of so i l  co l or and rest r ict ion of t he mott l i ng to the B hor izon . T he dry c l imate 
for much of the year, however,  accounts i n  large part for these features . In terms of h igh  ground water ,  
overri d i ng considerat ions shou ld  a l so i nc I ude c lay pans in  the soi I ,  t he nature of the pare nt materia I ,  t he 
f lat terra i n ,  wi nter ra i n ,  and runoff patte rns . Li kew ise , measured ra tes of ground -water perco l at ion are 
sign i fi cant  on l y  wh en v iewed i n  terms of the rates at wh i ch water i s  i ntroduced i nto th e su bsurface or 
conveyed over the surface of th e ground .  

T he Ce ntra l Poi nt a rea i s  c ha rac te r ized by gran i t i c  and me tamorph ic  parent materia l and deep 
res idua l so i l s on f lat  te rra in . Compact soi l  horizons and c l ay-r i ch  soi l horizons contr ibute to h igh  f l uc
tuat ing water  tab l es over large a reas . N ear  the h i l l s ,  va l l ey a reas  a re genera l l y we t at sha l l ow depths; 
and numerou s spri ngs occur . I n  the Medford and Ph oenix areas , sandstone bed rock i s  present at sha l low 
dept hs . Source mater ia l  for st ream sed iments consi sts pri mar i ly  of fi ne -gra i ned metamorph ic  rock i n  the 
surrou ndi ng h i l l s .  T he h igh  f luctuat ing water tab l e  i s  strong ly inf l uenced by the d i stri but ion of impermeab le 
bed rock in the subsurface , the d i stribut ion of wet a l l uv i a l  fans and c hanne l s ,  and the d i str ibution of c lay 
r i ch  soi l hor izons a nd c l ay-r i ch  overbank f lood deposi ts .  

Fart her so ut h i n  the Wagner Creek area,  the terra i n  i s  c haracterized by a l l uv ia l  fans and res idua l  
soi l s  over Cretaceous sed ime nta ry rock . H i g h  ground wate r is co ntro l ied l a rge ly by the locat ion of stream 
c hanne ls  and fa ns a long t he mou nta in  fro nt and by sha l low dept hs to impermeab l e  bed rock . H igh  ground 
water i n  t he Ash land a rea  i s  contro l l ed l a rge ly by the d i stri but ion of wet a l l uv ia l  chan ne l s  and fa ns . 

North and east of Medford , tuffaceous Eocene sed imentary rock (Tes) i s  deep ly wea the red over 
l arge f lat areas to produce t h i ck ,  c l ay-r i ch residua l soi l s  of l ow permeabi l i ty .  H igh  ground water i s  a 
part i cu lar concern i n  gent le  depressions . I n  s l op i ng a reas,  g round-wate r f low is l arge ly restri cted to the 
weathe red zone between  so i I a nd bed rock . Perco lat ion of ground water t hrough soi I s  ove r the Quaternary 
bench gra ve l s  is ex treme ly s l ow and apparent ly  l im i ted large ly  to l a tera l f low toward pa tte rned c hanne l s  
(see Q uate rnary be nc h g rave I ) .  A l ong the base of the Cascade Ra nge so utheast of Medford , seeps and 
sma l l  wet areas are deve l oped a t  the bases of s lopes .  

Northern Sams Va l ley consists o f  gent ly d issec ted Eocene sed ime ntary rock , and southern Sams 
Va l l ey co ns is ts of a f lat  bedrock surface over l a i n  by depos i ts of c l ay -ric h  o lder  a l l uv ium (Qoa ) .  H ig h  
ground water re su l ts from ( 1 ) the h i g h  c l ay content o f  flood depos i ts and so i l  hor izons i n  the o l der a l l uv ium,  
(2)  the de l i very of  l arge amounts of runoff i nto southern Sams Va l ley a long poorly defi ned stream channe l s ,  
(3 )  the  sha l l ow depth to  impermeab le  bed rock over l arge areas ,  a nd (4) gent le  grad ients a nd numerous 
depress ions . H igh  ground wate r  a nd pond ing on flat terrace fo rms north of Eag le Poi nt are ca used by 
sha l low depths to impermeab le bed rock and surfac ing of g round water at the bases of mou nta i n  s l opes .  

Impacts 

H i g h  ground water or ponding can cause ( 1 )  fl ood i ng of baseme nts ,  underpasses,  and other subsur
face fac i l i t ies; ( 2) f lotat ion or damage to buoyant  structures such as pipe l i nes, ta nks , swi mm i ng poo l s ,  
a nd basements; (3)  di ffe rent i a l  sett l i ng of bu i l d i ngs; and (4 )  comp l ica tions i n  i nsta l l a t ion of  underground 
fac i l i t ies . I nc l uded i s  t he danger of cav ing dur ing excavat ion . A l so ,  i n  the l ate 1 950 ' s ,  de creases i n  
pear y ie lds  were t raced to a r ise of  the saturated zone i n to the root zone of  t he pear trees . 

Other prob lems i nc I ude shri nk-swe l l  damage , I iquefaction duri ng earthq uakes, and threats to water 
q ua l i ty in areas of waste d i sposa l . Hepat i t i s  may oc cur in a reas w here agr icu l tura l  runoff or septic -tank 
effl ue nt po l l utes surface or near-su rface water that la te r flows i n to domest i c  ground-water we l i s .  

Recomme ndat ions 

M i t i gation of  high ground water and pond ing hazards inc I udes restri ct ions on deve lopment ,  I im i ts on 
genera I construct ion pract ices,  and th e actua I treatment of ca uses of the hazards . Where hazards are 
reg iona I ,  as i n  Jac kson County , mi t igat ion shou ld be systemat ica l l y p la nned a nd coordi nated to assure 
effi cie ncy a nd avoid confl i cts . 

I n  areas of low s lope , engineer ing invest igat ions for large-sca le  construct ion shou ld  inc l ude an 
assessment of the po nd ing and h igh  ground-water hazards . Emphasis shou l d  be p l aced on the h ig hest leve l 
of occurre nce duri ng t he wet season rather than l ower l eve l s  representa t ive of the d ry season . Underg rou nd 
storage tanks and swi mmi ng poo l s  shou ld be kept fi l l ed in areas of h i gh  ground wate r .  Adequate safety 
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measures aga i nst cavi ng s ho u l d  be fo l l owed i n  a l l  excavat ions . Rec l amat ion p la ns for excavat ions such 
as  gra ve l pits  s hou l d  cons ider the pote n t i a l  for f l ood i ng .  

Future damage can be red uced t hro ug h u se o f  rea l i st i c  zon i ng ord i na n ces and bui l d i ng codes . Such 
reg u l at io n s  s hou l d  ma ke a l l owances for workab l e  e ng i nee r i ng so l ut ions to spec if ic  prob l e ms . In  reg ions of 
part i c u l a r l y  severe hazard , seasona l construct ion may be ne cessary . Sump pumps and dra i n  t i l es are often 
used to hand l e  severe leak i ng i n  ba seme nts i n  reg ions of h ig h i nfi l tra t ion o r  h igh gro und water . W here 
p ro b l e ms a re l e ss se ve re , sea l a nts may be app l ied to e it her  t he i nterior or  t he exter io r o f  t he fo undat io n 
wa l l s .  

E ffe ct ive treatme n t  o f  t he ca uses o f  h i g h  ground water or pend i ng m ust address the spe c i fi c  causes 
prese n t  a t  a spe c i fi c  s i te . Surface -water a ccumu l at i o n  can be m i n i m ized by ( 1 )  ma i nta i n i n g  dra i nage 
d i tc hes,  (2) d ra i n i ng flat areas , (3)  i nte rcepti ng runoff a bove we t areas , (4) prope r l y  dra i n i ng art i fi c i a l ly 
surfaced areas such  as parki ng l ot s ,  (5) e l i m i na t i ng obstruc t i on s  to surface water f low , a nd (6 ) p l ac i ng 
struct ures on e l e va ted fi I I .  

I n  areas of sha l l ow bed ro ck , wel l - l og data sho u l d  be used to assess the mag n i tude of  t he hazard 
pr ior to construct io n .  Dra i n  t i l es are effect ive in the co l l e c t i o n  or red i rect ion o f  ground water . I n  agr i 
c u l tura l areas,  harvest i n g  pract i ces shou l d  b e  keyed to t he capab i l i ty o f  t he so i l  t o  accommodate t ra ffi c  
a nd t o  w i t hstand compact ion . 

I n  areas of gro u nd-water d i sc ha rge , proper l y  desi g ned dra i ns and c u l verts are recomme nded . P l a c i ng 
fi l l  in areas of ground-water  d i scharge is not re comme nded . G ro und wate r re covered by dra i ns i n  t hese 
a reas  can be used i dea l l y for i r r igat ion purposes in ne ig hbor i ng areas . W i nter pe nd i ng ca used by bank 
overf l ow of m i nor streams can be m in im i zed by appropr iate ma i nte na n ce and des i g n  of c ha n ne l s .  

Carefu l po s i t i ve ma nagement i s  needed to reduce t he contr ibut ion o f  excess i rr igat ion  wate r to 
g ro u nd-water l e ve l s i n  t he summer . W i t h  i ncreas i ng i rr i gat ion and deve lopme nt in rece nt years , t he 
prob l e m  and i ts po ss i b l e  so l u t ions  are be com i ng reg iona l ,  rathe r t ha n  l oca l ,  i n  scope . 

T he vol ume a nd d i stri but ion of irr i gat i on water app l ied to t he gro und s ho u l d  be keyed to a c tua l 
needs a nd sho u l d  be ma naged w i t h  a considera t ion of the h i g h  ground-water hazard , the capabi l i ty of 
t he so i I a nd rego l i t h  to a ccept water , and t he pat tern  of move me nt of water in t he subsurfa ce . C ana l 
l ea kage shou l d  be m i n i m i zed; and w a ste c ha n ne l s  i n  h i g h  ground -water areas shou l d  be insta l led , w here 
pract i ca l . G ro u nd wate r re covered from g i ve n  si tes by c hanne ls  or d ra i ns ca n be used to i rr i gate ne ig hbor i ng 
a reas as a means of red uc ing tota l water i nput i nto t he system .  Art ifi c ia l  la kes ca n poss i b ly be used as  
rese rvoirs i n  a tota l ground-water ma nageme nt program (see M i ne ra l  Resources - Aggregate ) .  

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

Ge nera l 

As di scharge of a stream i ncreases , correspon di ng i ncreases occur i n  w i dth (cau sed by stream-ban k  
erosion) , depth {resu l t i ng from cha nne l scou r a nd r i se of  wa ter leve l) , a n d  stream ve l oc i ty .  Th u s ,  a t  a ny 
g iven poi nt on a strea m ,  th e ve loci ty i nc reases w i th i ncrea si ng di scharge . I n  addi t ion , for most strea ms 
th e mean ve loc i ty i ncreases i n  th e dow ns tream di rect ion . Th i s  su r pri s i n g  pattern ( Leopo l d , 1 953) occurs 
because i nc reasi ng depth a nd decreasi ng chann e l rou g h n ess and tu rbu lence more tha n  compe nsate for 
dec reasi n g  s l ope downstream . 

Wh ere r i s i ng water i n  streams spi l l s  over estab l i shed cha nne ls  i n to su rrou ndi ng low la n ds ,  vari ous 
cate gor ies o f  flood area are recog n ized,  inc l ud ing f l ood p l a i n  ( i n u ndated by l arger floods) , the f loodway 
( c ha nne l s  that con vey fast-mov i ng waters ) ,  and f l oodway fr i nge (f lood p la i n  not in t he fl oodway ) . 

T he U .  S .  A rmy Corps of E ng i neers , U .  S .  Soi l C o nse rvat ion Serv ice , a nd U .  S .  Geo l og i c a l  Survey 
d e l i neate areas subject  to f lood i ng w i t h  a va r iety of computer mode l s .  T he prog rams are used to produce 
f lood maps for a var i e ty o f  desi red freque nc ies . An i ntermed iate reg io n a l  fl ood (a l so re fe rred to as the 
1 00-year flood) is  t he fl ood hav ing a 1 percent probabi I i ty of occ urr i ng i n  any g i ve n  year . 

I n  t he absence of stat i s t i ca l mode l s ,  maps show i ng pas t  f lood i ng are assemb l ed us i ng fl ood record s ,  
h ig h  water mark s ,  i nte rv iew s ,  newspape r acco u nts , a nd ae r i a l  and surfa ce photo g ra p hs .  S u c h  data are 
t he basis  for t he fl oods of  1 86 1  and 1 964 i nd i cated for the study area ( see geo l og i c  hazards maps) . Stat i s
t ica l a na lys i s  shows that  the 1 86 1  flood is  roug h ly eq u iva l e nt to  t he i ntermed iate reg io na l  fl ood a nd that 
t he 1 964 flood i s  roug h ly eq u iva len t to the 50-year  ( 2  perce nt ) f l ood . 
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For areas i n  wh ich  there i s  l i tt le o r  no re corded data ,  f lood -prone areas were deduced from topog
raphy, l andforms ,  soi l s ,  vegetation  patte rns ,  and ot her natura l feat ures . Some of t he tec hn iques ava i lab le  
for reconnaissance or  pre I im i na ry on-site eva I uat ions are descr ibed by Reckendorf ( 1 973) . Interpretat ions 
a re part i cu l a r ly d i ff icu l t  w he re Q uaternary a l l uv i um is transi t iona l i nto terrace deposits . 

Reaches of streams ha ving I i t t le  or no flood p l a i n  are the s i tes of a n  add i tiona l  type of flooding 
c haracter ized by catastroph ic  strea mfl ow ,  eros ion , a nd depos i t ion . For lack of  a better te rm , t hey are 
ca l l ed to rrent ia l floods . T hey are most common in steep-grad ie nt ca nyons i n  hard bed rock a nd impose 
constra i nts on road fi I I  a nd bridge construct ion (see Stream Eros ion a nd Depos i t ion ) .  

Reac hes o f  streams t hat pass thro ug h va l l ey bottom land and have very l ow grad ie nts can cause ex 
tensi ve low land floodi ng and pendi ng (see H igh Grou nd Wa ter and Pendi ng) . 

Ca uses 

F lood i ng is caused by la rge i ncreases i n  d ischarge or by natura l or man-caused modificati ons of the 
channe l .  Revi ew of the Manni ng Equat ion of stream d ischarge prov ides a sys temat i c bas is for rev iew i ng 
the causes of stream fl ood ing and for q ua I i tat ive ly predi c t i ng the impacts of various poss ib le channe I 
mod i fi cat ions :  

Q = ( 1 . 486/n)  (A ) (R )2/3 (S ) 1 /2 

w here 110 11 i s  d i scharge (cfs) , 1 1 n 1 1  is t he c hanne l roug hness ,  11A 11 is t he cross-se ct iona l area o f  the c hanne l , 
1 1 R 1 1 is t he hydra u l i c  rad i us ( 1 1A 11 d i v ided by t he wetted per imeter) , and 1 1 S 1 1 is the s l ope (g rad ient ) of t he 
stream . F loodi ng is caused by i ncreasing 110 1 1  or by ho ld ing 1 10 1 1  constant and mod i fy ing factors on  the 
r ight s ide of t he equat ion to generate compe nsa ting i ncreases in dept h .  

Natura l f lood i ng i n  the st udy area i s  caused by heavy orograph ic  ra i nfa l l ,  rapid snowme l t ,  l ow 
i nfi l trat ion rates,  steep s lopes,  and steep grad ients . Most floods on  loca l streams c rest short ly  after peak 
prec ip i tat ion; fl oods on the Rog ue R iver show g reater de l ay . An add i tiona l potenti a l  ca use of f lood i ng 
is the impoundment and sudden re lease of  wa te rs beh i nd lands l ide dams . 

Land use can i nf lue nce loca l f loodi ng by a l ter i ng surface-water res idence t imes a nd i nfi ltrat ion 
rate s .  Urban izat ion great ly increases peak flow and tota l runoff (Seaborn, 1 969; Knott ,  1 973) . I n  logg i ng 
areas, road construct ion decreases reg io na l  i nfi ltrat ion  a nd intercepts sha l low subsurface f low to produce 
i ncreases i n  peak flow ( Harr and othe rs ,  1 975) . A variety of  mo de l i ng procedures are ava i I ab le  for pre 
d ic t i ng runoff i n  areas of chang i ng l and use and shou ld  be i ncorporated i nto storm -sewer design . 

T he impact of logg i ng on st ream f lood i ng var ies w i th  type of  tree , soi l ,  and c l imate but appears to 
be m in ima l i n  most i nstances . I n  the A l sea drai nage ( Harr i s ,  1 973) a nd the H . J .  Andrews Exper ime nta l 
Forest (Rothacker, 1 970a) , no i ncrease of peak f lows wi th l oggi ng i s  noted . Very l i tt le i nvesti gat ion of 
changes of channe l geometry and the manner of  f lood -water conveya nce t hroug h low lands outside l ogged 
waters heds has bee n conducted . 

A be nefi c i a l  impact of logg i ng i n  ma ny areas is i ncreased summer streamfl ow w he n  the need is 
greatest . Remova l of con i fers u nder idea l cond i t ions of so i I th ickness a nd c l imate reduced summer evapo
transp i ration by approx imate ly  1 8  i nc hes i n  t he H. J .  Andrews Exper imenta l Forest (Rot hacker ,  1 970a) . 
As a resu l t , summer streamflow after logg ing i ncreased . In reg ions l i ke the study area,  w i th  drier c l imate , 
th i nner so i l s ,  and l ess un i form ori g i na l  con i fer cover , the benefi c i a l  impact of logg i ng i s  l ess dramat ic . 
I n  t he Oc hoco Mounta i ns ,  for examp le ,  evapotra nsp i rat ion was reduced by 2 i nc hes, resu l t i ng i n  s l ight ly  
i ncreased stream f low (Berndt and Swa nk , 1 970) . 

I f  d i sc harge 1 10 11 i s  he ld  consta nt , flood i ng may be caused by mod if icat ions of the cross-sectiona l 
a rea 1 1A 11 or s lope 11 S 1 1 • T hus,  art i fi c ia l  fi l l ,  ot her art ifi c ia  I obstruc t ions (roads, br idges,  structures) , 
grave l a nd s i l t  deposi ts ,  a nd natura l c ha n ne l  obstruc t ions such as log jams may contr ibute to flood potent ia l .  
T he F lood Insurance Act of 1 968,  admi n istered by the U .  S .  Department o f  Housi ng and Urba n  Deve lopme nt,  
and Goa l 7 of the Land Conservat ion and Deve l opme nt Commission regu l ate obstruct ions i n  the f loodway . 
P lac ing of fi I I in c hanne l s  is regu la ted by t he U .  S . Army Corps of Eng i neers and the State La nd Board . 

S lope 11 S 1 1 is i nfl ue nced by agg radation (see St ream Eros ion and Deposit ion )  and channe l mod i ficat ions . 
I f  s lope i s decreased , cross-sectiona l area (and th erefore depth ) must be i ncreased accordi ng ly to accom
modate a g iven  d i scharge . 



62 LAND USE GEOLOGY OF C ENTRAL JACKSON COUNTY 

Impacts of channel modifications for the purposes of flood control, aggregate removal, or erosion 
control depend on specific conditions ot a given site. Thus, channel restrictions in ports of o stream may 
aggravate flooding, whereas constrictions e lsewhere may hove no significant impact on flooding. Like
wise, channel modifications may be justified to minimize flooding or stream-bonk erosion elsewhere (see 
M i nero I Resources - Aggregate). 

Distribution 

Areas flooded in 1 861 and 1964 and areas of potential flooding are indicated on the geologic hazards 
mops. More accurate flood delineation for ports of the Rogue River is provided by U.  S .  Army Corps of 
Engineers (1965). Detailed flood delineation requires detailed topographic mopping and additional doto 
from interviews, inventorying of high-water marks, and other sources. Profi le elevations for various 
flood frequencies along the main stem of the Rogue and Applegate Rivers ore available from the U. S.  
Geological Survey but hove not been developed into o detailed flood mop (Harris, 1 970). 

Stream flooding is restricted primarily to the Quaternary a l luvium but also occurs locally on Quater
nary older al luvium (Qoa) where ( 1 )  the unit is transitional with Quaternary a l luvium, (2) map scale pre
cluded separate mopping of the Quaternary a l luvium, and (3) sma l l  streams passing over Quaternary older 
a l luvium overflow their banks. In the latter case, the extent of lowland flooding is not indicated because 
of paucity of data, absence of mappable terrain factors related to flooding, and the strong influence of 
cultural development on the extent of flooding. 

Greatly decreased infi ltrotion rates and modified runoff patterns contribute to pending hazards in  
urban areas. Storm sewers must be designed to accommodate these changes and must be suitable for pipe 
capacities, rainfall distributions and probabilities, projected land use, and projected population. 

Table 1 3  summarizes discharge, gage height, ond frequency of occurrence for floods at selected 
localities on major drainages. Gage height does not increase consistently with discharge because of channel 
and drainage variations, such as erosion, deposition, channel relocations, dam construction, ond changing 
land use, through time. Accordingly, a given discharge at different times may produce different flooding 
conditions at a given locality. In addition to statistical treatment, flood assessments require judgment 
based upon local experience and on-site examination. 

Flooding destroys structures by current action, siltation, and water damage. It inflicts losses on 
agricultural land by scouring topsoil, eroding stream banks, si l ting croplands, and ki l l ing l ivestock. It 
threatens people by isolating dwellings, damaging property, disrupting transportation, and pol luting or 
disrupting water supplies. F lood impacts reviewed here are taken primarily from the Medford Moil Tribune, 
with the exception of the review of the 1 974 flood, which is derived largely from information in the 
Ashland Doily Tidings. 

No meaningful records are readily available to determine the impact of the flood of 1861 . The 
oreal distribution of the flood was determined by the U. S. Army Corps of Engineers (1965) on the basis 
of surveys and interviews. During the flood of 1 890, approximately 50 county bridges were washed out; 
and many homes around the Medford railroad depot were threatened. 

The late February 1927 flood was caused by heavy rains and rapid snow melt. In the Rogue River 
gorge, houses were swept away, water overtopped the Gold Ray (Ray Gold} bridge, and the east approach 
to the Gold Hil l  Highway was inundated with 6 feet of water. In Medford, parts of Riverside, Cottage, 
and Main Streets were flooded with 2 feet of water. Numerous businesses and basements were flooded, 
especially in the lower east side of tow n .  The Jackson-Medford Highway was buckled for a distance of 
150 yards o long Jackson Creek. 

Heavy rains caused the flood of 1955, which inundated 16 houses at Rogue River, 20 houses ot Gold 
Hill, and numerous houses in the Shady Cove area. The closure of several bridges was necessitated by the 
flood. 

Major impacts of the flood of December 1962 were restricted to the smaller streams of the study area. 
At Eagle Point, numerous homes a long B and C Streets para l le ling Little Butte Creek were inundated. 
Coleman Creek overflowed its banks and flowed down Fourth Street in Phoenix because of a c logged cu lvert; 
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Tab l e  1 3 . F lood d isc harge and frequency data , 
Rogue River ,  App legate R iver , and Bear Creek 

(stat isti ca l  and histor ic  f loods) 

A rea 
Stream ( m i l es2) 

Rogue R iver 
Dodge Br idge 1 , 2 1 5  

Go ld  Ray 2, 053 

App legate R iver 
Coppe r 223 

App legate 483 

Bear Creek 
Medford 289 

* Freq uency ana lyses not ava i l ab l e  

Years of 
record 

1 938-70 

1 905-70 

1 938-70 

1 938-70 

1 9 1 5-70 

D isc harge 
(cfs ) Date 

45 , 000 
75 , 000 1 2/22/55 
80, 000 
87 , 600 1 2/22/64 
95 , 000 

70, 000 
1 1 0, 000 2/2 1 /27 
1 1 0, 000 1 2/22/55 
1 1 5 , 000 
1 3 1 , 000 1 2/22/64 
1 40, 000 

1 890 
1 86 1  

20, 300 1 2/2 1 /55 
29 , 000 1 2/22/64 

25 , 000 
45 , 700 1 2/22/64 
47 , 600 1 2/2 1 /55 

1 927 
50 , 000 
70, 000 

8 , 300 2/20/27 
9 , 400 1 2/22/55 

1 4, 500 1 2/ 2/62 
1 2 , 300 1 2/22/64 

Note : Figures are not ad j usted to co nsider dams completed si nce 1 970.  

Gage 

1 2 . 9  

1 2 . 8  

24. 8 
23 . 1  

23 . 4  

27 . 5  
32 . 0  

23 . 5  
26 . 0  

1 9 . 6  
1 8 . 0  
1 8 . 7  

1 1 . 4  
7 . 5  
8 . 0 
8 . 7  

6 3  

Recurrence 
freque ncy 
(approx . }  

1 0  
40 
50 
60 

1 00 

1 0  
40 
40 
50 
70 

1 00 

* 

1 0  
40 
45 

50 
1 00 

* 
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at C entra l Poi n t ,  water f lowed over H opki ns Road . I n  Medford,  Centra l and Riversi de Avenues and the 
Medford Shoppi ng Ce nter were part ly f looded . 

T he flood of 1 964 was caused by 9 inches  of ra i n  i n  5 days at l ower e levat ions and by rap id  me l t i ng 
of deep snow packs at h igher e l evations i n  t he Cascades . D isc harge at Prospect was 1 50 percen t  of that 
of a 50-year fl ood (Waanenan and ot hers , 1 97 1 ) .  Turbid ity at Grants Pass was 5 , 000 ppm . More t han 
200 homes,  cab i ns ,  and tra i l ers were washed away a t  Shady Cove (F igure 1 7) and at Tra i l . Resi de nces 
were f looded a long the App legate R i ver ,  and the Brownsboro tavern ( F igure 1 8) was f looded w it h  3 fee t 
of water .  R i ver  leve l s  a t  Gold Ray (Ray Go ld )  we re 1 2  feet above f lood stage (F igure 1 9) .  Low - l y i ng 
areas i n  Ash land , Medford (F igure 20) , and a l ong the Rogue R iver ( F igures 2 1 , 22) were f looded . 

T he fl ood of 1 974 was caused by heavy ra i ns and rap id snow me l t  i n  t he weste rn K lamat h Mounta i ns .  
T he major impact  was a t  Ash l and , where torrent ia l streamfl ows washed out t he ma in  water-supp ly  p ipe l i ne 
and di srupted th e communi ty water supp ly for 6 days . Parts of L i th ia Park,  B l uebird Park,  th e Ash land 
P laz a ,  and a tra i l er court loca ted at t he in tersect ion of Jackson Road and H ighway 99 were fl ooded . 
Road washou ts a nd s l i des were wi despread i n  the u p la nds (see S tream Erosion) . A long the App lega te River , 
resi de nces on lower te rraces were flooded ,  bridges were was hed out ,  and stream banks were eroded . 

Recomme ndat ions 

I t  i s  est imated t hat i f  a l l  physi ca l ly p ract ica l storage sites in the Rogue R iver d ra i nage we re deve l oped , 
then f lood damage of the adj usted discharge of hi stor ic  f loods s ince 1 890 wou l d  be neg l i g ib l e  (Water Resources 
Board, 1 959) . Th i s  proj ect ion , however , w h i ch assu mes opti mum reservoi r operation and i dea l  weather fore
casti ng , i gnores un favora b le cost-benefi t ra tios . More loca l f lood management w i th emphasis on land use 
reg u lot io n  is requ i red . 

Bank overf low a l ong sma l l er streams can be m i n im i zed by proper ly  ma in ta i n i ng channe l s ,  redesign
i ng cri t ica l rea ches,  construct i ng l evees , and adequate ly  prov id i ng for the passage of f l ood water i n  a l l  
deve lopme nts , especia l l y ra i sed road s .  Subdi v i sion  and bu i ld i ng regu la t ions shou ld  address f l ood d i s tr ibu
t ions, f lood-proofing tec hn ique s ,  preservat ion of dra i nageways,  accommodat ion of mod i fied runoff, and 
f loor e l evat ions . 

Assi sta nce i n  deve l op i ng flood-p l a i n  ma nagement p l ans is prov ided by the Oregon Water Resources 
Department ,  and broad po l i c i es are formu la ted by the Land Conservation a nd Deve lopment Commiss ion . 
T he U .  S .  So i l  Conservat ion Service adm in i sters the Watershed Protect ion and F l ood Protect ion Act of 
1 954 and provi des tec hn ica l ass i sta nce for c hanne l protect ion and ot her fl ood-re l ated proj ects . 

Dec larat ion of a f looded area as a d isaster area by t he governor a l lows the re l ease of fu nds for the 
restorat ion of pub I i c foci I i t ies,  riverbank repa i r ,  a nd low i n te rest loans to i nd iv idua I s  and sma II busi nesse s .  
Ass i sta nce of t h i s  type i s  coord inated b y  t he Offi ce of E merge ncy Prepared ness , the State Emerge ncy Ser
vi ce Center , and l oca l offi c i a l s .  

Emergency preparedness i nc l udes f lood forecast i ng a nd f lood warn i ngs  b y  the Nat iona l Weather 
Servi ce River Forecast Cen ter i n  Port land . F lood fi ght i ng by loca l personne l is common ly  supp lemented 
by the U . S .  Army Corps of E ng i neers and coord inated by t he State Emerge ncy Operat ions Cente r .  The 
F lood I nsurance Act of 1 968,  admi n istered by t he U .  S .  Departme nt of Hous ing  and Urban Deve l opme nt 
w i th the assi stance of the Oregon Wa ter Resources Department , prov ides f l ood i nsurance to i nd iv idua Is 
and busi nesses i n  regu Ia ted 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 

Much  p lann i ng and des ig n i ng of c hanne l  mod i fi c at ions emphasizes the water aspects of the  tota l 
stream system . Eq ua l l y  importa nt , but  ofte n neg le cted , are sed iment  load and a var i ety of trans ient  
stream parameters i nc l ud i ng w id th ,  depth ,  c ha nne l ro ug hness ,  and c hanne l layout . C hanges i n  any one 
of  t hese factors l eads to c hanges i n  one or more of the others .  

Larger pa rti c l es i n  stream beds , i nc l ud i ng bou lders,  pebb les , and coarse sa nd gra i ns wh ich  are 
moved by ro l l i ng ,  s l i d i ng ,  a nd bou nc i ng ,  const i t ute t he bed load of the stream . T he capac i ty of a stream 
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Figure 1?. Rogue River at Shady Cove during 1964 flood (Photo courtesy Ned[ord 
Mail Tribune) . 

Figure 18. Brownsboro after 1964 flood (Photo courtesy Medford Mail Tribune) .  
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Figure 19. Go�d Ray (Ray Go�d) bridge during 1964 f�ood (Photo courtesy Medford Mai� 
TribW7.e). 

Figure 20. Bear Creek in Medford during 1964 j1ood (Photo courtesy Medford Mai� 
Tribune). 
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Figure 21. Alder Park Estates downstream from Gold Ray (Ray Gold) along the Rogue 
River during 1964 flood (Photo courtesy Medford Mail Tribune) .  
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Figure 22. Rogue River near the community of Rogue River during 1964 flood (Photo cour
tesy Medford Mail Tribune) .  
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to transpo rt bed load is determ i ned by the geometry of t he c ha n ne l ,  the vol ume of the d isc harge , a nd 
ve l o c i ty .  Sma l l er part i c l es ,  i n c l ud i ng fi ne sa nd, si l t ,  a nd c l ay, are g e ne ra l ly tra nsported i n  suspe nsio n . 
T he vo l ume of suspe nded l oad is co ntro l l ed pri mari ly by runoff and s l ope e rosion . T h is aspect of sedime nt 
tra nsport i s  parti cu lar ly si g n i fi cant  i n  terms of water-qua l i ty management . Med i um -gra i ned sand can be 
carr ied i n  suspe nsion u nder extreme cond i t io ns of ve l oci ty a nd turbu l ence . 

Distri but ion 

T orrentia l -f l ood channe l s :  Torre nt i a l -fl ood cha nne l s  are most preva l e nt i n  the steep ly  s l op i ng ,  
mo u nta inous terra i n  o f  the eastern K l amat h M ounta i ns prov i nce , where s l opes are characterist ic a l l y steep 
a nd i n fi l trat ion rates are l ow ( see geo l og i c  hazards maps) . Areas of re cent torre nt i a l  f lood i ng are eas i l y  
reco g n i zed o n  t he basis  of scoured , unvegetated creek bottoms and coarse , poor ly sorted stream-bed 
depos i ts .  W here vegetat ion has re c l a i med t he c ha nne l ,  re cog n it i on is  based upo n  i nd i rect feat ures i n c l ud 
i ng steep side s l opes, steep grad ients ,  impermeab l e  bed rock,  na rrow stream cha n ne l s, a n d  the abse nce 
of a f l ood p l a i n .  Torrentia l -f lood cha n n e l s  pass dow nstream i nto topogra ph i ca l ly more mature channe ls  
w i t h  f lood p l a i ns .  

Because torre n t i a l -fl ood c ha nne ls  o re ge nera l ly c ut i n  bed roc k ,  t hey are unab l e  to adj ust to rapid 
c ha nges i n  d i sc harge by c ha n ne l mod i ficat ion . I nstead , dept h a nd ve l ocity i n crease sharp ly duri ng t i mes 
of h i gh f low . Consequ e n t l y ,  torre ntia l f loods are h i g h ly  erosi ve a nd common l y  destroy arti fi c ia l obstr u c 
t ions i n  t he c ha nne l s u c h  as bri dge abutme nts a nd road fi l l .  W here torre n t i a l -fl ood cha nne ls  sp i l l  i n to 
f la t  terra i n ,  rubb l e  and debr is  fa ns may q ui ck l y  bury roads or c log c u l verts . 

Con ce ntrat ions of suspended sed i ment dur i ng torre ntia I f loods are common ly h i g h . A lthoug h torrentia l 
stream channe ls  may transport f low i ng mud a n d  de bris  ra ther tha n  water under extreme condi t ions o f  s lope 
erosi on and ra i n fa l l  (Beverage and Cu lbertso n , 1 969) , no mudf low deposi ts were observed i n  Q ua ternary 
a l luv ia l -fan deposi ts i n  th i s  reconnai ssance i nvest igati on . 

Low la nd-fl ood c ha n ne l s : Gent l e r  grad ients ,  broader va l l eys, a nd the greater capaci ty to mod i fy 
c hanne l geo metry i n  response to rapi d l y  f l u c tuat i ng d i sc harge are chara cter ist i cs w h i c h  dist i ng u i s h  f lood 
p l a i n  stream cha nne I s  from torre nt i a l -fl ood c hanne Is . S hort -term va riat ions i n  depth and ve loc ity are 
less extreme in t hese c ha nne l s ;  but l ong -te rm c ha nges in w i dt h ,  depth, and layout are more var i ab l e  i n  
response t o  s l ope , d i sc harge , a nd bed load . T he processes w h i c h  cause stream meande r i ng (f low a long 
a c urved s in uous c hanne l )  a nd stream bra i d i ng (fl ow a long seve ra l c hanne l s) i n  f l ood p l a i ns are subjects 
of considera b l e  research b ut are st i l l  not comp l ete ly understood . 

Erosi on i n  f lood p l a i ns i s  restr icted pr i mari l y  to th e channe l s ,  the outer be nds of meanders, and 
c utoff channe l s  w h i c h  deve l op d ur i ng ti mes of f lood i n g . Stream deposi t i on inc l udes the depos it ion of s i l t  
a n d  c l ay from re l a ti ve ly s low -mov i ng ove rbank fl ood wa ters , as  we l l  as t h e  format ion o f  bars i n  c ha nne ls  
(F igure 23) , on t he inner be nds of mea nders , a nd be h i nd obstruct ions suc h a s  snags.  Stream eros ion and 
stream de posi t ion opera te i n  harmony to mod i fy the strea m channe l . Sediment su pp l i ed by stream -ba n k  
erosion i s  deposi ted a s  bars farther downstream wh i ch , i n  turn , red i rect  streamflow agai nst r iverba n ks to 
cause add i t i ona l stream-bank erosion . 

Stream reaches w i t h  the most noti cea b l e  channe l c ha nges i n  rece nt years i n  t he st udy area are the 
Rogue R i ver i n  the Dodge bridge area , t he Rog ue R ive r near Bybee bridge , a nd t he App l egate R i ver down 
stream from App l egate . F l ood p l a i ns i n  t hese areas a re c haracterized by broad va l l eys o f  Q uaternary 
a l l uv i um ,  reduct ions  i n  grad ient  compared to reache s  immed iate ly upstream , n umerous meander scars , 
a nd hi stori c  cha nne l c ha nges as shown i n  aeria l p hotographs . Areas of crit i ca l loca l concern i n  t he st udy 
area i nc lu de pa rts of Bear Cree k a nd oth er streams as i ndi cated on th e geo l og i c  hazards maps . 

Determ i n is t ic  project i ons of future tre nds of meander deve lopme n t  i n  the st udy area are not poss i b l e . 
M u c h  remai ns to be l e arned about t he deve l opment o f  meanders i n  g e nera l ,  and data o n  t he study area is 
l im i ted . I nstead , assessments  of future c ha n ne l c hanges must i nvo lve a s hort t i me fra me a nd m ust be based 
on our l im ited know ledge of  pa st cha n ne l c hanges . 
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Figv:re 23. Stl'eam-bank erosion on left vrith charoactel'istic bal' foi'TTrJtion 
on right. 

Five consistent patterns of channel change ore identified for the Rogue and Applegate Rivers in 
the study area: 
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l .  Areas of greatest potential for channel migration ore characterized by historic channel changes, 
Quaternary a l luvium, and active stream-bonk erosion or meander scars. 

2 .  Highly sinuous reaches o f  rivers ore the most I ike l y  sites for the development o f  cutoffs during 
Iorge floods. 

3 .  The development of a major cutoff during o given flood i s  usual ly preceded by the development 
of a floodwoy channel during preceding floods. 

4.  Stream channels downstream from newly developed cutoffs ore subject to increased stream
bonk erosion and accelerated meandering. 

5 .  Straight reaches and gently curving reaches of streams ore general ly  sites of progressive mean
dering along unstable ports of the Rogue and Applegate Rivers. 

Recommendations 

Rood fil ls along torrential-stream channels should be discouraged, cribbed, or adequately sized to 
resist erosion in critical areas (Figures 24, 25, and 26). Channel crossings in side hi l ls  should include 
adequately designed and maintained culverts or bridging. Proper land management con greatly reduce 
the magnitude of slope erosion and con minimize the potential for hazardous deposition. Where residential 
construction is anticipated, controls should be placed on development near torrential-flood channels and 
bridge abutments. Channel crossings should be designed to ovoid impeding streamflow. 

Major erosional and depositional processes along lowland streams ore floodwoy erosion, meander 
development, and bar formation (Figures 27, 28, and 29). Floodwoys which convey flood waters across 
meander loops ore potential sites of erosion and channel changes during Iorge floods. Excavations in 
these areas modify streamflow and increase the potential for erosion. Grovel operations in  them must be 
protected by berms which ore high enough to redirect flood waters and capable of withstanding erosion. 
Otherwise, the pits may be reclaimed by the river channe l .  
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Figv�e 24. Stream-bank erosion caused by 1964 j1ood (Photo courtesy Medford Mail 
Tribune). 

Figure 25. Road washed out by 1964 j1ood (Photo courtesy Medford Mail Tribune). 
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Figure 26. MOuntain road washed out by 1964 fZood; Zarge cuZverts were not adequate 
in terms of potentiaZ stream fZow (Photo courtesy Medford PAiZ Tribune) . 

Figure 27. /Ja.m:zge caused by 1964 fZood to north approach of Bybee bridge (Photo cour
tesy Medford Mai Z Tribune) . 

71 
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Figure 28. Damage to residence along Butte Creek in Lake Creek district during 1964 
flood (Photo courtesy Medford Mail Tribune). 

Figure 29. Erosion and deposition caused by 1964 flood in Lake Creek district (Photo 
courtesy Medford Mail Tribune). 
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Stream-bonk erosion along meanders must be considered in development. Mitigation includes place
ment of riprop, avoidance of the area, or innovative channel maintenance. Removal of grovel from river
wash bars on inner bends of meanders is a means of reducing rates of channel migration and should be 
considered in formulating grovel-resource policies. 

In assessing stream-bank erosion, chonne I changes upstream must be considered. Generally, when 
channels hove been straightened upstream by truncation of meanders, rates of stream-bonk erosion down
stream are occe leroted and specific locations ore modified. 

Grovel bars develop in channels, on the inner bends of meanders, at the mouths of some streams, 
and near snags or log jams. In areas of unstable channels, the seasonal removal of grovel as it accumulates 
con be on effective means of reducing stream-bonk erosion in the immediate area. Berms constructed 
around the site for water-quality purposes should be designed to ovoid channel obstruction during flooding. 

Channel problems arising from structural flood-control measures con be minimized by innovative 
design. For example, composite channels con be constructed by placing levees away from the stream 
channel while the natural channel is left untouched. The composite channel is then able to accommodate 
o range of discharges including low flows in the natural channel and flood flows within the bonks of the 
levee. The hazard of greatly increased deposition which plagues many redesigned channels during low 
flow is e l iminated or greatly reduced. 

Erosion along straightened channels con be reduced by the construction of numerous small dams 
which incremental ly  lower the grade of the stream. When natural ormoring of o channel is disturbed, it 
must general ly be restored or replaced to ovoid erosion. Levee designs must include o consideration of 
increased erosion potential where the channel is constricted. 

E a r t h q u a k e s  

General 

The shaking of the earth's surface which accompanies the release of energy along on active fault 
is called on earthquake. The specific location of the displacement within the earth is called the focus; 
the geographic location above the focus on the earth's surface is called the epicenter. The crustal struc
ture and tectonic behavior of Oregon is very complex, and the historic record is short. Knowledge of 
future earthquake activity is understandably incomplete. 

Intensity and magnitude ore measures of the energy released by an earthquake. On the modified 
Merco l l i  intensity scale, observations of the effects of the quake on the earth's surface serve as indicators 
of its relative severity. Determinations mode in this way ore subject to inaccuracies because of the dis
tance from the epicenter, the nature of t�e underlying racks and regolith, and the subjectivity of the 
viewer. The Merca l l i  scale is imprecise, for these reasons, if limited observations are available. It is 
widely used, however, because it is universally applicable and requires no equipment. Reliance on 
numerous observations eliminates inconsistent and inaccurate data. 

The Richter scale is based on records from seismometers rooted in bed rock. It gives a more direct 
measure of energy released in on earthquake and is less subject to errors arising from local variations in 
geology. Instead of indicating intensity with Roman numerals as on the Merca l l i  scale (I-XII), the Richter 
scale indicates magnitude with decimal numbers (see Table 14). Each digit represents o 1 0-fold increase 
in the amplitude of the seismic waves and an approximate 31-fold increase in the actual amount of energy 
released by the earthquake. Thus, on earthquake of magnitude 5 . 5  is 31 times greater than on earthquake 
of 4.5 .  The scale ranges from less than I for small quakes to slightly less than 9 for the largest quakes. 

To convert observations stated as intensity on the Mercolli scale to magnitude on the Richter scale, 
several equations based on observations from around the world or various ports of the world are ovoi loble. 
General equivalence is indicated in Table 1 4 .  

Earthquake potential 

The potential for future earthquakes in a given area such as the study area con be assessed on the 
basis of the historic seismic record, calculations based on the dimensions of active faults on the surface, 
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Mercalli 
Intensity 

I I  

I l l  

IV 
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Table 14.  Scale of earthquake intensities and magnitudes 

Description of effects 
Not felt except by a very few under especially favorable circumstances. 

Felt  only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. 

Felt quite noticeably indoors, especially on upper floors of bui ldings, but 
many people do not recognize as an earthquake. Standing motor cars may 
rock slightly. Vibration I ike passing of truck. Duration estimated . 

During the day felt i ndoors by many, outdoors by few. At night some awakened. 
Dishes, windows, doors disturbed; walls make cracking sound. Sensation like 
heavy truck striking building; standing motor cars rock noticeably. 

V Felt by nearly everyone; many awakened. Some dishes, windows broken. A 

Equiv . 
Richter 
magnitude 

3.5 

to 

4 .2  

4.3  

to 

few instances of cracked plaster; unstable objects overturned. Some disturbance 4.8 
of trees, poles, and other tall objects noticed. Pendulum clocks may stop. 

VI Felt by a l l; many frightened and run outdoors . Some heavy furniture moved; 4 .  9-5.4 
a few instances of fa l len plaster or damaged chimneys. Damage slight. 

VI I  Everyone runs outdo�rs. Damage negligible in buildings of good design and 5.5-6 . 1  
construction, slight to moderate in well-built ordinary structures, considerable 
i n  poorly built or badly designed structures; some chimneys broken. Noticed 
by persons driving motor cars. 

VIII Damage slight in specia l ly designed structures; considerable i n  ordinary substan
tial buildings with partial col lapse; great in  poorly built structures. Panel walls 
thrown out of frame structures . Fall of chimneys, factory stacks, columns, monu- 6 .  2 

IX 

X 

XI 

XII 

ments, walls. Heavy furniture overturned. Sand and mud ejected in smal l  amounts. 
Changes in well water. Persons driving motor cars disturbed. 

Damage considerable in specially designed structures; well-designed frame struc
tures thrown out of plumb; great in substantial buildings, with partial col lapse. 
Bui I dings shifted off foundations. Ground cracked conspicuously .  Underground 
pi pes broken. 

Some wel l-bui It wooden structures destroyed; most masonry and frame structures 
destroyed with foundations; ground badly cracked. Rails bent. Landslides con
siderable from river banks and steep slopes. Shifted sand and mud. Water 
splashed (slopped) ov.er banks . 

.· 

Few if any (masonry) structures remain standing. Bridges destroyed . Broad fissures 
in ground. Underground pipelines completely out of service. Earth slumps and 
land slips in soft ground. Rails bent greatly. 

Damage tota l .  Waves seen on ground surfaces. Lines of sight and level distorted. 
Objects thrown upward into the air. 

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

to 

6 . 9  

7.0-7.3 

7.4-8 . 1  

Max. re
corded 

8.9 
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and ca l c u l at ions based o n  k now l edge of roc k s trength . For the s tudy are a ,  no i n form ation is ava i l a b l e  on 
rock strength; a nd no a c t i ve fa u l ts are exposed at the su rface (see St ruc ture ) .  A ccord i ng l y ,  esti mates of 
future se ism i c i ty are based a l most e nt i re l y o n  the h istor i c  re cord , wh ich is  ve ry short (Tab l e  1 5 ) a nd pos 
s ib l y  m i s l ead i ng . 

Th e gre atest h i s tor i c  earthquakes i n  the s tudy area we re Me rca I I i  i n te ns i ty IV . F uture q uakes of at 
l east  th is i nte ns i ty ca n be expe c te d . I n  add i t i o n ,  l a rge r q uakes can a l so be expe cte d  i n  v i ew of the short 
d ura t i o n  of the h i stor i c  re cord . T h e U n i form B u i l d ing C ode i nd icate s  a potent i a l  for q uakes o f  Merca l l i  
i n te ns i ty V o r  V I  for the study area . 

E ve r nde n and othe rs ( 1 973) show that , i n  the h istor ic  record , max i mum i n te ns i t ies a re genera l l y 
l i m i ted to areas of fi rm or u nsta b l e  ground as opposed to are as of so l id bed roc k . Accordi ng l y ,  i n te ns i t ies 
as h i g h  a s  VI in the st udy area can be expe cted to be re str i c ted to a reas of poor g rou nd cond i t ions  s uch as 
th i ck sat urated a l l u v i u m  (Qa l ,  in part)  or  s l ide -prone te rra i n .  In earthq uakes of Me rca l l i  i n te n s i ty V I ,  
damage to wood -frame s tr uct ures i s  0 .  2 pe rce n t  o f  tota l stru cture cos t .  Damage ra t i os o f  nonwood frame 
struct ures is 1 pe rce nt  of tota l structure cost  ( Page and others , 1 975 ) . 

On the bas is  of l im i ted data a nd w ithout th e a i d of deta i led l oca l ana l yses, A l ge rmisse n  a nd Pe rk i ns 
( 1 976) show that q uake -i nduced rock acce l e ra t i ons i n  the study a rea w i l l  be less tha n 4 pe rce nt of the 
acce l e rat ion of grav i ty for a ny given 50-year  i nte rva l . T h is est i mate does not address the issue of max i 
mum proba b l e  earthq uakes , a nd i t  i s  based o n  too l im i ted data i n  t h e  lower mag n i tude ra nges . I t  doe s ,  
howeve r, prov ide a reasonab l e  es t i mate of t h e  acce l e ra t i ons to b e  expe cted from m o s t  earthq uake s . 

Recom me ndations 

Adopt ion of the re l evant prov i s ions of the U n i form Bui ld i ng Code i s  re comme nded . T hese i nc l ude 
sec t ions 23 1 3 (wa l l anchorage ) ,  23 1 4  (ge nera l  de s i gn and constru c t i on of structures) , 3704 (a nchorage of 
ch i mneys ) ,  and 1 807k (a n cho ra ge of  me cha n ica I a nd e l e ctr i  ca I eq u i pment in h ig h  -rise structures ) . Fut ure 
rev i s i o ns may i nc l ude reassessment  of se ism i c  pote nt i a l based upon more nea r l y  com p l e te data and re fi ne 
me n t  of b u i ld i ng and des ign  spe c i f i cat ions based u po n  more nea r l y  comp l ete assessme n t  a nd eva l uation of 
gro u nd cond i t ions . Prese nt l y, t he U n i form Bui  I d i ng Code d oes not address ground response or re sona nce 
phe nomena betwee n struct ures a nd the rego l ith u pon wh i ch they are b u i l t .  
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Date 

1 873  
N ov . 22  

1 89 1  
Nov . 9 

1 906 
Apr . 3 

1 906 
Apr .  1 3  

1 906 
Apr . 23 

1 9 1 3  
Mar . 1 5 

1 93 1 
Aug . 1 7  

1 93 1  
Sept . 4 

1 94 1  
J u ly 7 

1 949 
Apr . 3 

LAN D  U S E  G EO LO GY O F  C EN TRA L JAC KSO N COU N TY 

Tab l e  1 5 .  Earthq uakes fe l t  i n  J a ckson County , Oregon 

Merca l l i  
Locat ion  i nte ns i ty Comme nts 

O ff northern - C h i mney damage at Ja ck -
C a l i for n ia coast son vi l i e 

Ash l a nd IV A I i g ht shock 

A s h l a nd IV 

Ashla nd -

Fernda l e ,  V I I  F e l t  with  i nte ns ity V I  at 
C a l i forn i a  ( est . )  G ra nts Pass w here furn i ture 

moved and w i ndows cracked 

Med ford I l l  

T a l e n t  v Lamp s hake n from ce i l i ng ,  
ma n t hrow n from cha i r; 
fe l t  at Phoe n i x  a nd Ash l a nd 

C e nt ra l  Po i nt I I  A s l ight  tremor 

Medford I I  Fe l t  by fire l ookouts 

G rants Pass I l l 

I nformation from Couch a nd Baker ( 1 958) 
Byer ly ( 1 952) 
E pp l ey ( 1 965 ) 
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Th i s  is  a l i sti ng of geo log ic  terms tha t  are not speci fi ca l ly defi ned in the a ppropriate parts of the text . 

agg lomerate - an assemb l age of coarse , angu l a r  mater ia l  (usua l ly vo l can ic) that is bound or fused togethe r .  

a l l uv ium - unconso l ida ted c l ay ,  s i l t, sa nd, o r  grave l deposi ted by  a st ream o r  other body of  runn ing water 
dur i ng re l a t ive l y  recent geo l og i c  t ime . 

andes ite - a  dark-co lored ,  fi ne -g rai ned ext rus ive ig neous rock w i th a c hem ica l compos i t ion that is i nte r
med iate between basa l t  and grani te . The name 1 1andesi te 1 1  i s  derived from the Andes Mounta i ns i n  
South America . Andes ite conta ins such  mi nera I s  a s  p l ag ioc l ase fe ldspar ,  b iot i te ,  hornb le nde , 
pyroxe ne , and quartz . 

aq u i fer - a  body of rock  that conducts e noug h ground water  to y ie ld econom i ca l ly s ign i f icant q uant i t ies 
---of ground wate r  to we l l s and spr ings .  

arg i l l i te - a rock der ived from s i l tstone, c l aystone , or sha l e  tha t  has  undergone a h ighe r  degree of  hard
en i ng tha n  t hose rocks . 

basa l t - dark- to medi um-dar k  igneous rock tha t  i s  r i ch i n  i ron and mag nes i um . Th i s  roc k, wh i ch i s 
--- genera l ly extrusi ve , conta i ns ca lc ic  p lag i oc lase a nd c l i nopyroxene i n  a fi ne-gra i ned groundmass 

and may conta i n  o l iv i ne and hypersthene . Apat i te  and magnet ite are common accessory m i ne ra l s . 

base leve l  - the leve l be low wh ich  a stream ca nnot erode i ts bed . 

base -s l ope co l l uv ium - co l l uv i um found a t  the base of s l opes .  

bedroc k geo log i c  un i t - so l i d  roc k tha t  under l i es soi l o r  unconso l i dated , superfi c ia l ma ter i a l .  

bra id i ng - the process of s uccessive branch i ng a nd re jo in ing of stream channe l s ,  produc ing i s l ands and 
bars that sp l i t  the channe l i n to a ne twork of sma l l er i nte rconnected channe l s .  

breccia - (sedi mentary) coarse-gra ined c lasti c roc k composed of large , angu lar , broken roc k fragments 
tha t  are cemented together; (vo lcanic)  roc k consist i ng of large , angu lar b loc ks i nd ica ti ve of 
v io lent eruption or f l owage whi le coo l i ng .  

carbonaceous - rock or sed i ment that conta i ns orga ni c matter .  

carbonate - a  sed iment formed by the organ i c  or i norgan i c  prec ip i tat ion from aq ueous so l ution of carbon
ates  (C 03) of ca l c i um,  mag nes i um ,  or i ron . 

chert - an extreme l y  dense and hard roc k made of cryptocrysta I I i ne quartz (si l i ca ) . 

c l ast - an i nd iv idua l part i c l e  in  a sed i me nta ry depos i t; a pebb l e  in cong lomera te ,  for exampl e .  

c l ay - very fi ne -grai ned granu lar ma teria l or  c l ay minera l s; spec i fi c  gra i n  s iz e  varies w i th system of 
-- c l assi fi c ation . See Tabl e 6 .  

cohesi on - the property of si m i lar mi nera l gra i ns that  enab les  them to stic k  together; the soi l qua l i ty of 
sti ck i ng toge the r .  
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co l loi d - fi ne-grai ned materi a l  (sma l ler tha n  the s ize of c lay) i n  suspension; a ny such materi a l  that can 
be easi ly suspended in l iqu id . 

co l l uv i um - earth materia I transported by mass movement ra ther than  by runn ing water . 

cryptocrysta l l i ne - texture of a rock hav i ng crysta l s  that are too sma l l to be seen w i t h  a m i croscope . 

c utbank stabi l i ty - capac i ty to stand i n  cut  s lopes w i thout s l id i ng .  

dac i te - a fi ne-gra i ned extrusive rock w i th the same genera l compos i t ion as andesite but w i th less ca l c i c  
---fe ldspar . 

de l ta - the l ow ,  near l y  f lat ,  a l l uv i a l  tract of l and depos i ted at or near the mouth of a r iver, form i ng a 
tri angu l a r  or fa n-shaped p l a i n  of considerab l e  area crossed by many d istr ibuta r ies of the ma in  
r ive r .  Most de l tas a re part l y  under water and part ly above the  water l eve l . 

de l ta ic  - perta i n i ng to or characte r ized by a de l ta . 

dendr i t ic  - character ized by a branch i ng pattern . 

d ike - a tabu lor i n trus ive body of i gneous rock that cuts across other bedrock struct ures . 

draV:down - the loweri ng of the water tab le ca used by pumpi ng . 

dur i pan  - a h or i zon i n  soi I that is charac ter ized by si f i ca ceme ntation . 

ephemera l stream - a  stream that f lows on ly after prec ip i tat ion has occurred i n  the immediate area or 
upstream a nd whose c hanne l is a lways above the water tab le . 

epice nter - geog raph ic  loco I ity on the earth ' s  surface above the focus of an earthquake . 

equ igranu l ar - a rock texture characte rized by crysta l s  of the same (or near ly the same) s ize . 

expandab le  soi l  - soi l wh ich expa nds whe n we t and contracts w hen  d ry because i t  conta i ns c lay whose 
c rysta l l a tt i ce is expa ndab l e  accord i ng to the amount of water it takes on . T h is so i l  is ofte n char
acter ized by a 1 1 popcorn 1 1  surface . 

fabric - the sum of a l l the structura l and textura l features of a rock . 

fe ldspar - an abundant rock -formi ng s i l i cate m i ne ra l  of the ge nera l formu l a :  MAl (A I ,  S i )308, where 
M = K ,  N a ,  Ca ,  Ba, Rb, S r ,  and Fe . Fe l dspars a re genera l l y  I ight co l ored a nd are tne most wide
spread of any m i ne ra I  • 

f luvia l - perta i n ing to a rive r or r ivers . 

fo l i ate - hav i ng a p l anar arrangement  of m i nera l g ra i ns or othe r textura l features; of s ign i f icance i n  i nter
---pret ing  metamorph ism . 

geo log ic  hazard - 0 geo l og i c  prOCeSS that th reatenS the Safe ty I We l fare ,  Or act iv i t ieS  Of man . 

gr i t  - coarse-gra i ned sandstone composed of angu lor partie l es . 

ground water  - water i n  the zone of saturat i on be neath the earth ' s  surface; app l ies  to soi l  water or to -
water i n  bed roc k,  depend i ng on loca l condi tions . 
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hornb lende - the most common member of th e amph ibo le  group of mi nera ls; conta i ns varyi ng amounts of 
Ca , Na, Mg , Fe , A I ,  T i ,  S i ,  0, and water . It is  b lac k, dar k green,  or brown in co lor a nd is 
found in both i g neous a nd me tamorph i c  rocks . 

i gneous - rock so l id ified from mo l te n  or partia l l y mo l ten  mate r ia l  or magma . 

infi l tra tion rate - rate a t  wh ich ground can absorb rai n  or me l ti ng snow under speci fi ed condi ti ons . 

i nterbed - a  bed ,  typ i ca l ly thi n ,  of one kind of rock mater ia l occurr i ng be tween or a l te rna t ing w i th beds 
of another k i nd .  

i ntrus ion - the process of  emp l acement of mo l te n  rock in  pre -ex i st i ng rock; the rock mass so formed wi th i n 
t he surround i ng rock . 

. 

jo i n t - fracture i n  rock a l ong wh ich  l i tt l e  or no movement  has occurred . 

l andform - any phys ica l form or feature of the earth ' s  surface hav ing a characterist ic  shape . and formed 
by natura l  processes . 

l ater i te - h igh ly  weathered, red subsoi l ,  r ich i n  ox ides of i ron and a l um i num a nd defic ient  i n  primary 
s i  I i cates . 

leac hate - a  so l ut ion obta i ned by leach ing . 

l each ing - the remova l of so l ub l e  consti tuents from soi l ,  rocks , or orebod i es by the nat ura l act ion of 
perco la ti ng water .  

l iq u id l im i t - water conte nt beyond which  soi l be haves as a l iq uid . 

l i tho logy · - the phys ica l c haracter of a rock . 

loa m - a r ich ,  permeab l e  so i l  composed of re la t ive ly  eq ua l proportions of c lay, s i l t ,  and sand part ic le s ,  
-- a nd usua l ly  conta i n ing organ i c  matte r (h umus) . 

mass movement - downs lope movemen t of soi l or roc k i n  response to grav i ty .  

mass ive - a term used to describe sed i me ntary rock w i th ve ry th ick  beds or w i th bedd i ng tha t  i s  obscured . 

ma tr ix - the f ine -grai ned ma ter ia l  fi I I  i ng t he spaces between larger g ra i ns or part ie les i n  a sed imen tary 
-- or i gneous rock . 

meander - one of a se ries of somewhat regu lar and si nuous curves ,  be nds ,  turns,  or  w ind ings in the course 
of a stream .  

me tamorph ism - m i nera log i c  and structura l ad j ustment  o f  rock to cond i tions of tempe rature and pressure 
more extreme than those i n  the zone of wea ther ing and d i ffe re nt from cond i t ions under wh ich t he 
rock was formed . 

orograph i� - the prec ipi tat ion that occurs whe n  mois ture - lade n a i r  encounters a h igh barr ier  such  as a 
mounta i n  and is forced to rise ove r i t . 

pan - a  hard ,  cement - l i ke l ayer, crust, or hor izon w i th i n  or j ust beneath the surface so i l ,  usua l ly imped-
i ng the movement of wate r  and a i r  and the g row th of p lan t  roots . 
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patterned ground - ground whose surface is covered w ith a regu la r  pattern of polygona l to rou nded mounds 
that are bou nded by l ower channe l s  l ade n w i th res idua l  bou lde rs and grave l . 

perc hed wate r  tab l e  - the uppe r s�rface of a zone of satura t ion i n  the ground, s i tuated above the reg iona l 
water tab le and separated by impe rmeab le rock or so i l .  

permeab i l i ty - a measure of the ease of f l u id  f low th rough rock or so i l .  The coeffic ient  of permeab i l i ty 
i s  the rate of f low (ga l lons per day) through a sq uare foot of cross se ct ion under  a hydrau l ic  grad ient  
of 1 00 pe rcent  a t  60° F .  

pet rography - the descr ipt ion a nd systemati c  c l ass ifi cat ion of rocks . 

phe nocryst - re la t i ve ly  l a rge a nd conspi c uous c rysta l i n  a fi ne r gra i ned igneous rock . 

p l anar - ly i ng i n  a p l ane or i n  p lanes; usua l ly i mp ly i ng more or l ess para l l e l  p l anes . 

p la ty - a  structure caused by contrac t ion of igneous rocks wh i l e  coo l i ng ,  occurr i ng as a se r ies of fractures 
-- para l l e l  to the coo l ing surface . Ig neous rocks w i th p l aty struct ure appear to be cracked i n to p la tes 

or tabu lar  sheets,  w hi ch may g i ve the rock a strat i fi ed appearance , especia l l y after much weather
i ng has occurred . 

p l uton - a  body of igneous rock that has formed be neath the surface of the earth by conso l idat ion from 
magma . 

porosi ty - the rati o ,  expressed as a percentage of the vo l ume of pore space i n  a roc k or soi l to the tota l 
vo l ume of the roc k or soi I ;  a measure of the water-ho l d i ng capac i ty of roc k or soi I .  

porphyr i t i c  - texture of an  i gneous rock i n  wh ich  l arge crysta l s  (phe nocrysts) occur i n  a fi ner gra i ned 
grou ndmass . 

pyroc last i c  - c l asti c rock ma te r i a l  formed by vo lcan ic  exp losion or aer ia l  expu l s ion from a vo l can ic  vent . 

pyroxene - a  group of dark, rock-forming s i l icate m i nera ls w i th the gene-ra l formu la :  ABS i 2 06 where 
A - Ca , Na ,  Mg,  or Fe+2, and B = Mg, Fe+3 , or A I . -

' 

rego l i th - zone of weathered roc k and soi l above bed roc k .  

rhyo l i te - extrus ive igneous rock,  genera l l y porphyr i t i c , w ith f low texture a n d  phenocrysts o f  quartz and 
a l ka I i fe ldspa r .  

rockfa l l  - the free fa l l ing or sudde n movement of a detached segment of bed rock of any s ize from a c l i ff 
or other  steep s l ope;  the fastest movi ng l ands l ide . See Tab le  1 1 .  

sand - gra nu l ar ma ter ia l  of sand s ize; specif ic  gra in  s ize varies w i th system of c l ass i fica t ion . See Tab le  6 .  

sch i st - strong ly  fo l iate crysta l l i ne rock formed from metamorph ism unde r cond i t i ons of d i ffe rent ia l stress . 

sch istos i ty - strong fo l ia t ion re su l t i ng from para l l e l  p lanar orie ntation of m i ne ra l  gra in s . 

se ism ic ity - the re l at i ve degree of earthq uake act ivity of a g iven area . 

sha le - a  fi ne -grai ned sedimentary rock formed by the conso l idat ion of c lay , s i l t ,  or m ud,  and character
-- ized by th in  l ayers and the tendency to b reak para l l e l  to the bedd i ng p lanes . 
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s he a r  p l a ne - s urface of s l id i ng in many forms o f  mass move me n t .  

� - a  tabu lar i g neous i ntrus ion that para l l e l s  the p l a na r  struct ure o f  the surround i ng rock . 

� - g ra n u l a r  materi a l  of s i l t  s ize;  spec i fi c  gra i n  s ize  varies  w i th system of c l ass i fi cat i on . S e e  T ab l e  6 .  

s lope eros ion - remova l of so i l  from a s l ope by sheet was h ,  ri l l  wash , o r  gu l l y i ng . 

soi l - as used here ,  re fers to unconso l idated m i ne ra l  matter formed i n  p l ace by weathe r i ng a nd c haracte r--
i zed by vari ous soi I hori zons . 

soi l hor izon - a  l ayer of soi  I d i st i n ct from other l aye rs o n  the bas i s  of  phys i ca l prope rt i es a nd c hemi ca l 
compos i t i on . 

soi l profi l e - a ver ti ca l  sec t i on of a soi l that  d i sp lays a l l i ts hori zons and i ts parent  materi a l .  

spec if ic  capacity - a measure of  the pote nt i a l  of a w e  I I  to de l iver  wate r; i ncorporate s  a cons i de rat ion of 
both product ion  and d rawdow n .  

stock - a n  i g neous i ntrus ion t hat i s  l e ss than 40 sq mi  i n  s urface exposure . 

struct ure - t he spa t i a l  arra ngement and deforma tion of rock u n i ts i n  a g ive n a rea; i nc l udes cons iderat ion  
o f  fau l t i ng a nd fo l d i ng . 

surfi  c i a  I geo log i c  u n i t  - as used h e re ,  refers to a mappab l e  body of u nconso l id ated earth materi a  I formed 
by depos i t i ona l processes and form i ng a re l at ive ly th i n  l ayer over be dro c k  u n i ts .  

ta l u s  - rock fragme nts  of any s i ze o r  shape ( us ua l l y  coarse a nd ang u l ar) derived from and l y i ng a t  the 
-- base of a c l i ff or a ve ry stee p, rocky s lope . A l so the accu m u l ated heap or mass of  such l oose 

broken roc k . 

terrace - an e l evated , re l at ive l y  f l at eros iona l and deposit i on a l surface , genera l l y above the leve l of 
o n -goi ng de pos i t iona l processes . 

topograph i c  - re prese nt i ng the topography of a re g io n . 

topography - genera l configurat ion of l a nd surface or any part of the earth ' s  surfa ce ,  i nc l ud i ng i t s  re l i e f  
a nd pos i t i on of natura l and man-made fe a tures . 

torre nt ia l fl ood - fl ood ch ara cteri zed by rapid l y  mov i ng water i n  a cha n ne l w i th no f lood p la i n,  as i n  a 
mou nta i n  rav i ne .  

tuff - roc k composed pri mari ly of sma l l ,  exp los ive ly erupted vo lcan i c · parti c les . 

u nconso l idated - a l oose ly arra nged ,  uncemented sed i me nt that genera l ly can be d i saggregated by hand . 

water tab le  - th e upper l i m i t  or  surface of the ground wa ter . 

weathe ri ng - the destruc t i ve processes where by earthy a nd roc ky mate r i a l s ,  upon expos ure to at mosphe ric  
age nts at  or  near the eart h ' s  surface , are changed i n  c hara c te r  (co lor,  t exture , compos i t ion,  f i rm
ness , or form ) ,  with  l i tt l e  or no tra nsport of  the l oose ned o r  a l tered mate ria l .  
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EXPLANATION 

(Boundaries are approximate; statements are general: specific evaluations require 
on-site investigation) 

SURFICIAL GEOLOGIC UNITS 

Stream deposits 

� 

Quaternary alluvium: Utrcon.wUdaled grauct, sand, &ill, ""d cloy in streom 
bed• and flood plain$ of major dream•; equiualenl to P<J•I of Qat of \Ve/lo 
and oth"ro (1956}; no/ •hown olo111{ lmllller streams owi11/l to limitation• 
of scale: •ubi"<: I /o dr�m flooding; immatu"' soils. 

Quaternary aJiu,ial fan deposiu: Unconsolidated grauel, oand, arrd •itt 
oecurring as fun depo,it� udiacent to Qoa at the mouth• of rome torrential 
flood cha.,nels; •ubjecl locally to torrential floodl.,g. b<>nk OV{Irflow. 
erosion. and deposition. 

Quaternary older allu•ium: Unconoolidated gravel. sand. silt. and clay on 
terraces ll•meraUy above flood plains of major slreamo; also alluvial 
terraces of "pland s/reums; eq,ioole"t in par/ Ia Qat at Wells ami others 
( /956); includes several intermediate /errace levels of varyil!fl aile•; subJect 
Ia loclll flooding. pouding and high ground water; reslric!ive ooil layqr•. 

Quaternary bench gravels: Semi-conw/idaled graMI. Slll!d. cloY. (Jnd 8111 
formi'lll h igh level terrace in /Jear Creek Valley and a/on,- Rogue River; 
upper hon.zons rich in cllly; i'lcllldU Qbg of WeUs and a/hero (1956/; 
generally characterized by dtslinclive "plllterned" grollnd of low Intercon
nected rocky chanrrel•: re•trictiv" ooil lay<!rs; ollbkcl to poor drainage, 
ponding. and high ground ""''"'"· 

BEDROCK GEOLOGIC UNITS 

Volcanic and sedimentary rocks 

� 
ITeov I 

lr eot 1 

� 

� 

� 

Pliocene basalt: Bquluollml to pre-Ma�ama l:msa/1 at \Vel/& and others 
(1956/; grayish-black. den•e, fresh basalt; several flows with tala/ 
thiclwess of 125 feet; caps Upper and Lower Table Rock&; vertical 
OOIIlmnar joints and irretular joints; interpreted as h1/ercany<H1 flow roch 
of ancient Rogue River volley now pre•erued as inverted toporro-phy. 

Eocene and Oligocene voh:anlc rock: t;qlliualent to Jloxy Formation of 
We/Is and others (1 956) and afii/Omcra/e and o/dl!r b<>S41/ f/owo of 
Wilkinson and other• (1941); andl!�itic flows, brecc/as, aggtomeraii!B. and 
tuff• with in/erbfddcd wnd110ne and •hale. rhyo/ilic and dacitic flow• 
locally; flow thickneu /0.100 {i!el; flow rock� hard and otable; tuff• and 
&edimentary rock slide-prone in p/aceo; Oligocene /l!a{ pn.nto; 1/m/lar rockl 
interbedded with Teo ""'" Emi1ra11/ Crni!k Reservo ir; 10/lo h i¥hly ll<lriable. 

Eocene and Oligocene tuffaceous rock$: Equiuolent to part of •rc of IVI!Its 
and others (1956}; varicolor.!d luffs and sedimentary rocks derived (rom 
IJOicanic rocks. minor interbedded flow rock; soft to modl!rately h"rd; low 
infiltration rate•; slide-prone over large areas; possibly "01 corre/aliue with 
type Tc south of m"p area; �lmilar rocks interbedded with Te• near 
f:migrant Creek Reservoir; clay-rich soils. 

�ocene sedimentary rock: Equiuatent to part of Tu of Wells and others 
(1956} and to Tcu of Wilhinson and others (1941}; river-deposited l1ard 
$andstone. sha/11. and conrtomer"te with local coal seams in 60il/h; shallow 
mari"e sandstone and silt•tone in nor/it; tuffaceous debris throughout; 
regolith ""riable; diltinclly beddl!d; slides rare; low in{iltrallon roles; 
""Iconic rock interbeds and /ale Eocene leaucs in south; imperme<>ble 1oil 
horizons on t.,.....,.,., form._ 

Cretaceous sedimenl.ary rock: Eq,.iualent to Kh and pari of •ru of \Vel/� 
and others {1956); hard con,-lomera/e and sandslol!e overlain by 
mltdo/one and minor sandotone near Ashl<>nd: Bllnd•lone a/ Graues Creqk; 
depth of wl!athering ooriab/e with slope and rocl1 type; moderate 
rround-water potenlia/ /Oc<>lly; f:ar/y Cretaceous (Albian) ul GraV{II Creek; 
middle Cretaceous (Cenomllniarl ar1d Turonian/ l!e<zr Ashland. 

Galice Formation' DMh gray to black shale with minor thin-bedded 
s<mdstonc and g.-.wule conglomerate: moderate to /1/Jlh fo1mdution 
slre.,glh, low grn,.nd-wa/er potential; silty clay /aam s()i/A at varia�/e 
thlchness; thich bas� slope col/uuium: l1azards include slope erosion and 
local mass moueme"f. 

Metamorphic rocks 

... . • •  
•• 

. . .  
. . ... 

..... .  ..• 

Applegate Formation: ��v - Eo"qllloo.len/ to mela<>Oicanico of Well• and 
ot�ers (194Q); aile red /aua flowo. (low brecciM. and pyr<>e/aJlic roclrr wllh 
mrnor tuf(aceolls ll!dlmenlary rock,; grades into �me: hllrd. rteep ,.,.....,;n • ve�y lo� p�rmeabilily. thin •oil with exc�plion of base •lop� collullillm; 
m1nerahzal10n in place• near ln/ru•ive rock. �as - Eqlli�>lllent to 
met_asedimen/ary roch of Well• and other• ( 194Q); altered tuffaceous 
sedrmentury rock, argilli/!1, chert, and limestone; minor uolcanlc rochs 
locally; variabl<� engineeri'lg properties; thick regolith and hi,-h •tide 
PO/Qn/ial wher« de�p/y w""lh�red. 

May Creek Schist: M"dium.grade metamorphic roclrs d�rlwd from 'll;�1r 
�n a"d possibly Jg; include• mafic m�/avolcanic rock mica •chisi 
phyllite. and date; weahly to &trong/y foliated; hard, /mp�rrueable, /hi� 
rcrolith with exception of thick bau •lope colluvium; po/qntia/ for 
1/ecp-slope failure; prodllcl of multiple melamorphi•m culminllllng in 
proximate ,-raniti<: ph.rtonilm (KIIY•. 1970). 

Intrusive rocks 

Diorite and granodiorite: Ugil/ rray medium-groincd inlrll•ive rock of 
intermed iate compo�illon; Iandy and oilty loam soilr of uoriab/e thickneu; 
thick regolith in p/aceo; very hi/lh ero1iO'I potential and •tel!p-•lope failure 
potential; moderate ground.water potential in mod<!rate/y to tenlly 
sloping valley areas; excellent qltarry rock where fresh. 

Gabbro: Gray.green. coars�-grained intr!lsive rock consisli"" of augite and 
plagioclase; deeply weathered with brown to. r!lsly red soil; moderately 
iligh erosio" po/enlial; low grol!nd-water vr>tential; teo/ogle relation to 
diorite unclear. 

Serpentinite: Rocks consi•llnM of mineraLs of the serpentine group and 
locally including olivine and pymxene; complex Tritlulc origin and 
remobilized along later {au//• lo preoen/ positions; brownish to reddUk 
loam and clay •oi/.s; scan/ uegelalion; dide prone. 

Tertiary intrusive rook: Sill&. •loclr•. and dikes of diorite. ll"bbro and 
basalt north and eaot of Bear Creek. and basaltic dike• ea•t of the mapped 
(Jrea; Quarry roclr po/ential uariable; depth of weathuing variable. 
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Mineral Mines and Prospects 
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GEOLOGIC SYMBOLS 

Definite conUoct 
Approximate contlct 

Faults 

Defrnite fault 

Approximate fault 

Jnfened fault 

Beddinll 
....1.... Strike and dip of bed 

Strike of vertical bed 
EB lioril:ant.l.l bed 

"" Sprins 

Mo 
'" 
w 
'" 

Fold� 

Molybdenum 
lead 
Tungsten 
Zinc 

Definite anticline 
Definite syncline 
Approximate anticline 

Approximate syncline 

Inferred anticline 
lnfened syncline 
Concealed anticline 
Concealed syncline 

Bedroclo. Geology modifi,·• after Well, and others, 1 956. Jnd McKnight, 1973, hy 
john D. Beaulieu. 1977 

Surficial Geology by John D. Beaulieu, 1 977 
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EXPLANATION 

(Boundaries are approximate; statements are general; specific evaluations require 
on-site investigation.) 

Average (Regional ) Slope 

Interpreted from maps with scale 1: 62,500 

Local slopes 0-10%; landforms include flood plains, terraces, 
pediments and ridge crests; hazards include ponding, high 
ground water, flooding, and stream bank erosion; land-use 
potential good in areas of minimal hazard. 

Local slopes 0-50%; landforms include gentle slopes and ridge 
crests surrounding larger valleys; hazards include moderate 
erosion potential and local mass movement; land-use poten
tial good to fair, primarily devoted to agriculture and low 
density residential. 

Local slopes 10-50%; landforms include moderately steep 
hills and valleys; hazards include moderate slope-erosion 
potential and local to large scale mass movement; land-use 
potential variable. 

Greater than 50% slope locally; landforms include valleys and 
mountains; hazards include severe erosion potential, earth
flow, slump, and minor steep slope failure; land-use potential 
generally limited to very sparse development and well
managed forestry. 

50% to vertical locally; landforms include steep canyons, 
cliffs and mountains; local hazards include rockfall, rockslide, 
debris avalanche, and severe erosion potential ; land-use 
generally restricted to well-managed forestry and open space. 

GEOLOGIC HAZARDS 

Mass Movement. 

Deep bedrock slides: Large areas of deep failure involving bed 
rock in addition to soil and regolith ; active and inactive; 
recognized by large scale topograhic irregularities and 
displacement of bedrock units; distribution in study area 
generally determined by faults; possible hazards may include 
continued sliding, variable foundation strength, variable 
cutbank stability, poor drainage, and others; potential for 
development generally low. 

Earthflow and slump topography (areas less than 10-20 acres 
not shown; see Slope): Moderately sloping terrain with 
irregularities of slope, drainage, or soil distribution; recent 
movement shown by tension cracks, bowed trees, and others; 
most widespread in Teat and Teov units, and deeply 
weathered bed rock; most common in areas of stream bank 
erosion or active headward erosion of streams; possible 
hazards include continued movements, low cutbank stability, 
poor drainage, and others; development possible locally, but 
generally may reactivate or accelerate sliding. 

Steep-slope mass movement: General areas subject to 
localized rock fall, rockslide, debris avalanche, and debris 
flow; most widespread in steeply sloping KJd, Rrnc, lin and 
liu; specific occurrences controlled by faults, joints, soil 
water, soil thickness, vegetative cover and land use; mitiga
tion may include structural solutions, drainage control, and 
appropriate land-use and forest management practices. 

Potential future mass movement: Places of highest potential 
for future mass movement through improper or changing 
lnnd use include: 

Deep bedrock slides - areas of regional faulting or 
interbedded rocks of differing engineering properties. 

Earth{low and slump topography - tuffaceous interbeds 
of Teat and Teov; also deeply weathered bed rocll. 

Steep slope failure - steeply sloping KJd, Rmc, Rav. and 
lias especially in areas of soil water accumulation, 
joints, or faults. 

Delineation requires detailed mapping on larger scale than 
that of thi$ study. 

Flooding 

Flood of 1964: Distribution of flood of December, 1964 as 
determined by U.S. Army Corps of Engineers (1965) using 
limited observations and gage height data; approximates a 
50-year or 2% flood. 

Flood of 1861 : Distribution of flood of 1861 as determined 
by U.S. Army Corps of Engineers (1965) using limited 
observations; approximates a 100-year or 1% flood . 

Flood-prone areas: Areas subject to flood hazard of 50- to 
100-year frequency near Tolo and Brownsboro, and streams 
subject to bank overflow (distribution of adjacent lowland 
ponding not indicated); based on reconnaissance observations 
and landform analysis. 

High ground water and ponding: Accumulation of water in 
the shallow subsurface or on the surface as a result of flat 
topography, poor drainage, bank overflow, rain water 
ponding, irrigation, or other natural or man-induced causes; 
most widespread on flat Qoa and Qbg; features include 
di$linctive soils and vegetation, depressions, and others; 
Delineation requires detailed factor mapping 011 a larger scale 
than that of thi$ study. 

Erosion 

Slope erosion: Loss of soil by moving water on slopes; 
favored by sandy or silty soil s  (especially over KJd), lack of 
consolidation, slope gradient, slope length, and absence of 
vegetation or other protective cover; removes valuable topsoil 
and causes deposition downslope; may cause siltation of 
streams, municipal water supplies etc.; wide variety of 
engineering and land management techniques for control. 

Channel change: Areas of relocated stream channel by 
natural means since preparation of base maps (1954); 
common between Dodge Bridge and Raygold on Rogue River 
and downstream from Applegate on Applegate River: 
indicates areas of unstable channel and high velocity 
flood ways. 

Critical stream-bank erosion (not includ ing torrential flood 
channels): Undercutting and caving of river and stream banks 
by stream action; restricted primarily to outer bends of 
meanders on larger streams; characterized by steep slopes, 
deep water near shore, and actively growing bars on inner 
bend; m itigation may include riprap, channel modification, 
bar removal, and land-use restrictions depending on local 
hydraulics, desired land use, and erosion rates. 

Torrential flooding: Areas of high probability for floods 
characterized by rapidly flowing water with high channel and 
stream bank erosion potential in narrow canyons with little 
or no flood plain; generally restricted to high gradient 
streams flowing through steep terrain of high relief; channel 
deposits generally coarse and poorly sorted. 
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EXPLANATION 

(Boundaries are approximate; statements are general; specific evaluations require 

on-site investigation) 

SURFICIAL GEOLOGIC UNITS 

Stream deposits 

Quatem�try alluvium: Unconoolldat<11d 11ra11el, oand, sill, and clay In o/ream 
bed• and flood plnino of major rtreamo: equivalent to part of Qat of Well• 
and othero ( J 956); not •hown a/on.r &mal/er stream• owint to limitation• 
of ocale: oubiect to otream floodlnt: lmmalun •oil.o. 

Quaternary aUuvi.al fan depoth.s: Uncon&<>lidated trauel. ..,,d, and oilt 
OCCUI'I'In.r a• fan depooill ad}Dctmt to Qoa at the moutho o{oome tol'l'enlial 
flood channelo; subject locally to to,.,.ential floodint. bani! Oufl:r{low, 
fl:rooion, and d<11pooition. 

Quaternary older alluvium: Unconoolidal<11d travel, !land, oil/, and clay on 
terrace• t<l1nerally above flood plaiM o{ ma,ior streamo: al.oo a/luuio/ 
terrace• of upland stream•: equivalent in part to Qat of Wellt and othero 
( 1956); includes sevel'<ll intermediate terrace levels of varyint a.re•: oub}ect 
to local flooding, pondinr and hith tround water: restrictive aail layero. 

Quaternary bench gravels: Semi-conwlldated travel, sand, clay, and •111 
(ormln.r hi.rh leuel terrace in 8ear Creek V�!le}l and a/ont Rotue Riu<11r; 
upper horl�ons rich in clay; includeo Qbr of WeU• and other• {1 956); 
.ren.,ra/1}1 characterized by diolinctive 'patterned' tround of low inlercon. 
nec/ed rocky channeb; re•trictlw fOil la}lero; subject to poor dl'<lina.re, 
ponding, and hith rro .. nd W<lter. 

BEDROCK GEOLOGIC UNITS 

Volcanic and sedimentary rocks 

Pllocene basalt: Equivalent to p�-Mozom� btUOit of Wells and othero 
( 1956): gra}lish.bll1ck, <hlnoe, fresh ba!la/1: several flow• with toto/ 
lhlckneu of 125 feel; capo Upper and Lower Table Rock•: vertical 
columnar joint• and irretular join to: Interpreted as lnteroan}lon flow rock 
of ancient Rorue River 11<11/e}l now preterued a• inverted topography, 

Eocene and Oligocene volcanic ro<:k: Equivalent to Roxy FormaliO>I of 
Well• and other$ (1956) and antomerate and older basalt flow• of 
Wilkinoon and others (1941): andO!tltic flow•. breccia<, a.rglomerate•. and 
t"ff' with Interbedded sandolone and ohale: rhyolitic and dacllic {low• 
locally; flow thickneu 10·100 teet: flow rocll• hard and &table: t"f(o ond 
sediment<>ry rock dide.pmne in placeo; Ot;,ocene leaf print•: •imllar mel!• 
interbedded with Te• near Emiiranl Cnek Reservoir; •oil• highly variable. 

Eocene and Oligocene tuffaceous rocks: Equivalent to p<>rt of Tc of Welt. 
and a/hero (1956); varicolored tuffo and sedimentary rock& deriued from 
volcanic rocllf, minor interbedded flow rock; oo(l to moderately hard: low 
infiltration rates: olide·prone over lartll area•: pouibl}l not col'l'ela/iue with 
type Tc south of map area: similar rock• Interbedded with Te• near 
Emigrant Creek Reaervoir: clay-rich BOil�. 

Eocene sedimentary ro<:k: Equivalent to part of Tu of Wells aud other& 
(1956) and t<> Teu of Willlin•on and others (1941): river.depo•lled hard 
mndstone, shale, and conglomerate with loco/ coal oeamo in south: •hgl/ow 
marine oandstone and •ills/one in north; tuffaceous debri$ throu.rhout; 
re.rolilh variable; diotinctly bedded: slides rare; tow infiltration rate.; 
volcanic rocll interbeds and late EOCO!ne leave• in oouth: imperme<>ble soil 
horizon• on terrace {ormo. 

Cretaceous sedimentary rock: Equiv<>lent to Kh and part of Tu of Well.o 
11nd other� (1956); hard con.rlomerate and !lando/one owrl<>ln by 
mudotone and minor mndo/On41 """r A•hland; oandslane a/ Graueo Creek; 
depth of weatherin.r variable with dope <>nd rock type: moderate 
.rround-water potentio/ local/y; Early Cretaceou• (Albion) at Gra�e• Creek: 
middle Cretaceou• (Cenomanian and Turonian) near A•hll1nd. 

Galice �·onnation: Dark tray to black shale with minor thin-bedded 
Oilnd61one and panule con.rlomerate; moderate to hiih foundation 
strentlh, low ground·water potential: •ill}' cln}l loam aoil� of variable 
thickneu; thick ba•e slope co/luuium: hazards include •lope erosion and 
local mau mo��emen t_ 

Metamorphic rocks 

App\eJate Formation: "Jtav - Equivalent to metavolcanic� of We/to and 
olh<11r1 ( 1940), altered looo flow•, flow breccial, and pyroclllflic rock• with 
minor tuf(aceou• udimenl<>ry mcko; .rrade• into 'll:mc;h<lrd, tteep terTain, 
ver}l low permeability, thin •oil with exception of b....- o/ope colluvium: 
minO!rallzati<>n in plncPI near intrudve rock. "Jtas - Equivalent to 
me�audlmentary rocloo of Wel/r and other• (1940); a/tend '"ffaceom 
sed1menlary rock, artillite, ch.,rt, and limn/one: minor volcanic I'OCk• 
loa�lly: variable entineerinr propertiu: thick re.rolith and hillh did., 
potential wh.,,.., d"'ep/y wcuthe,..,d. 

Mly Creek Schist: Medium·llrQde metamorphic rock< derived (rom "Jt�v 'll:u and possibly Jg; include• mafia metavolcanic rock m lco •chi•i 
phyllite, and date: weak/}' to ltrontl}l fo!i�/ed; hard, imp�rmea�/e, thi� 
rerollth with exception of thicll bao<11 .tope colluvium: potent/gl (or 
•teep-•lope failun: prod .. ct of multiple metamorphiom culminatinr In 
proximate lll'<lnitic plutoniom (Kayr, 1970). 

Intrusive rocks 

Diorite and granodiorite: Lillhl gray medium-trained lnlr"61ve rock of 
intermediate composition: sandy llnd •illy loam •oib of variabl., thicllnero; 
thick retolith in place•: very hilh ero•lon pot<11nlial and oteep-1/ope fall"r" 
potential; moderate vound-waler POienl/al In modert>tely to .rently 
•lopi"ll wiley areas: excellent Quarry rock where fresh. 

Gabbro: Gray-tree,., coar•.,-.rralned intru•ive rock consislinr of a"tite a"d 
Pll1tiocla1e: deeply weathered with brown to. rust}' red •oil; moderately 
hlllh erooion potential: low tround-water potentWI; .reolotic relation to 
diorite unclear. 

Serpentinite: Roclto con•i•ting of minerals of the •erpentine troup and 
/acaUy includin.r olivln<11 and pyroxene: complex Triouic or/6/n Qnd 
remobilized alont later fa"/1' to pre•ent pooitiom: brownilh to redd/fh 
loam and clay soils: scant vetelallon; •lide pro""· 

Tertiary intrusive rock: Sill•. o/ocko. and dille• of d iorite. tabbro a"d 
basal/ north and ea•l of Bear Creel!, and b"'altic dike• ea$1 of the mapped 
are<>; qua"y rocll potential variable; depth of weatherint u<>riable. 

Mineral Mines and Prospects 
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GEOLOGIC SYMBOLS 
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Bedrock Geology for the Ashland Quadrangle modified after Wells 
and others, 1956 and McKnight, 1 973, by john D. Beaulieu, 1977 
Surficial Geology by John D. Beaulieu, 1977 

Bedrock Geology for the Lakccreek Quadrangle modified after Wells 
and others, 1 956 by john D. Beaulieu, 1977 
Surficial Geology by John D. Beaulieu, 1977 
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EXPLANATION 

(Boundaries are approximate; statements are general; specific evaluations require 
on-site investigation.) 

Average (Regional) Slope 

Interpreted from maps with scale 1:62,500 

Local slopes 0-10%; landforms include flood plains, terraces, 
pediments and ridge crests; hazards include pending, high 
ground water, flooding, and stream bank erosion; land-use 
potential good in areas of minimal hazard. 

Local slopes 0-50%; landforms include genUe slopes and ridge 
a-ests surrounding larger valleys; hazards include moderate 
erosion potential and local mass movement; land-use poten
tial good to fair, primarily devoted to agriculture and low 
density residential. 

Local slopes 10-50%; landforms include moderately steep 
hills and wlleys; hazards include moderate slope-erosion 
potential and local to large scale mass movement; land-use 
potential variable. 

Greater than 50% slope locally; landforms include valleys and 
mountains; hazards include severe erosion potential, earth
flow, slump, and minor steep slope failure; land-use potential 
generally limited to very sparse development and well
managed forestry. 

50% to vertical locally; landforms include steep canyons, 
cliffs and mountains; local hazards include rockfall, rockslide, 
debris avalanche, and severe erosion potential; land-use 
generally restricted to well-managed forestry and open space. 

GEOLOGIC HAZARDS 

Mass Movement 

Deep bedrock slides: Large areas of deep failure involving bed 
rock in addition to soil and regolith; active and inactive; 
recognized by large scale topograhic irregularities and 
displacement of bedrock units; distribution in study area 
generally determined by faults; possible hazards may include 
continued sliding, variable foundation strength, variable 
cutbank stability, poor drainage, and others; potential for 
development generally low. 

Earthflow and slump topography (areas less than 10-20 acres 
not shown; see Slope): Moderately sloping terrain with 
irregularities of slope, drainage, or soil distribution; recent 
movement shown by tension cracks, bowed trees, and others; 
most widespread in Teat and Teov units, and deeply 
weathered bed rock; most common in areas of stream bank 
erosion or active headward erosion of streams; possible 
hazards include continued movements, low cutbank stability, 
poor drainage, and others; development possible locally, but 
generally may reactivate or accelerate sliding. 

Steep-slope mass movement: General areas subject to 
localized rock fall, rockslide, debris avalanche, and debris 
flow; most widespread in steeply sloping KJd, Rmc, Rn and 
Ru; specific occurrences controlled by faults, joints, soil 
water, soil thickness, vegetative cover and land use; mitiga
tion may include structural solutions, drainage control, and 
appropriate land-use and forest management practices. 

Potential future mass movement: Places of highest potential 
for future mass mouement through improper or changing 
land use include: 

Deep bedrock slides - areas of regional faulting or 
interbedded rocks of differing engineering properties. 

Earthflow and slump topography - tuffaceous interbeds 
of Teot and Teou; also deeply weathered bed rock. 

Steep slope failure -steeply sloping KJd, Rmc, Rav, and 
Rao especially in areas of soil water accumulation, 
joints, or faults. 

Delineation requires deWiled mapping on larger scale than 
that of this study. 

Flooding 

Flood of 1964: Distribution of flood of December, 1964 as 
determined by U.S. Army Corps of Engineers (1965) using 
limited observations and gage height data; approximates a 
50-year or 2% flood. 

Flood of 1861: Distribution of flood of 1861 as determined 
by U.S. Army Corps of Engineers (1965) using limited 
observations; approximates a 100-year or 1% flood . 

Flood-prone areas : Areas subject to flood hazard of 50- to 
100-year frequency near Tolo and Brownsboro, and streams 
subject to bank overflow (distribution of adjacent lowland 
ponding not indicated); based on reconnaissance observations 
and landform analysis. 

High ground water and ponding: Accumulation of water in 
the shallow subsurface or on the surface as a result of flat 
topography, poor drainage, bank overflow, rain water 
ponding, irrigation, or other natural or man-induced causes; 
most widespread on flat Qoa and Qbg; features include 
distinctive soils and vegetation, depressions, and others; 
Delineation requires detailed factor mapping on a larger scale 
than that of this study. 

Erosion 

Slope erosion: Loss of soil by moving water on slopes; 
favored by sandy or silty soils (especially over KJd), lack of 
consolidation, slope gradient, slope length, and absence of 
vegetation or other protective cover; removes valuable topsoil 
and causes deposition downslope; may cause siltation of 
streams, municipal water supplies etc.; wide variety of 
engineering and land management techniques for control. 

Channel change: Areas of relocated stream channel by 
natural means since preparation of base maps (1954); 
common between Dodge Bridge and Raygold on Rogue River 
and downstream from Applegate on Applegate River: 
indicates areas of unstable channel and high velocity 
flood ways. 

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

Torrential flooding: Areas of high probability for floods 
characterized by rapidly flowing water with high channel and 
stream bank erosion potential in narrow canyons with little 
or no flood plain; generally restricted to high gradient 
streams flowing through steep terrain of high relief; channel 
deposits generally coarse and poorly sorted. 
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EXPLANATION 

(Uoundarics are approximate; statements arc gcncml; SJ>ecific evaluations require 
on-site investigation) 

SURFICIAL GEOLOGIC UNITS 

Stream deposits 

Quaternary alluvium: Uncon�o/id.a/cd l'<>�e/, •and, •ill, and cloy in Blr�orn 
beds and nood. plain� of rnQjor strMm•: 11<Hiiii<IICII I to par/ of Qat of Wells 
and others (1956); no/ ahown <>lonr amaller a/ream• owing to /imilalions 
of .ocate; sul>jec/ to s/re<om floodi1111; immature ooilf. 

Quaternary alluvial ran deposi/..0: Vncort-o/idated grouel, •and, and ail/ 
occurri>tg as f<>n depo•il• adj<>cenl to QOIJ a/ tile moutha of -ome torrential 
flood channels; •ul>ject lorol/y /o torrential floodiUil. t>onk ouerflow, 
erosion, and deposition. 

Quaternary older alluvium: Unconoolidal<'d /lrnuet, sa>td, ai/1, and clay o>t 
terrace• IJ<'neral/y aboue flood plains of mo./or o/ream•; a'-v al/uui<>l 
/errocef of upland flream.; equiool<"'l in par/ /o Qat of JVell• and o/he,.. 
( /956); includes seueral intermediate terrace leuel• of uary/ng a11eo; fl.lbjecl 
to local flooding, ponding and high rround water; re•lricliue fOil layero. 

Quaternary bench gravels: Semi-cO>tW/idated 1/ra<Je/, aand, ct..y, and sill 
forming high leV€/ lerroc<' in Bear Creek Valley a11d alo"g Rorue Riuer; 
upper horizons rich in cl<>y; ;,eludes Qbr of \\'ella <>nd other. (1956}; 
1/eneral/y cllarac/eri�ed l>y di.<ti11cliue 'pa/lerroetl ' grou11d of low illlerco"
nccled rocky cl!am•els; re•tric/iae soil layf!o·s; •ul>/ec/ to p<lor droillaiJe, 
pondim1. a•<d hirh 11round '""ler. 

BEDROCK GEOLOGIC UNITS 

Volcanic and sedimentary rocks 

� 
)reov J 
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� 

� 

� 

Pliocene basal\: t;;quiuale"l to P1'11·M<Iznma ba6all of Well• and others 
(1956}; grayish-bl<>ck, d<lll&e, fresh ba,.,U; -"'Uerol {low� wilh total 
llilcltneos of 125 feet; cap• Upper 1111d /.ower Table /loch�; v<lrlka/ 
col,.mnar join Is a11d irr<lJlUiar joints; i11/erprot"d <l& inlercenyon flow rock 
of ancien/ Rogue Rim>r v<>lley now prt>serued as inue�wd topography. 

Eoc.,ne and 0\igoc.,ne volcanic rock: Equiool<lnl to Uoxy Formation of 
Wells and other. ( 1 956) and atf{lomero/a and older ba&a/1 flows of 
Wilki<>son a11d others (194 /); andesitic flow•. b1'11ccias, agglomeralu. a lid 
luffs with inrerbedded ..,,d,to,e and •il<>le; rllyol/lic and daci/ic flows 
locally; now lhickn<lu 10-100 fe<ll; nnw rock• hard a11d •table; tuff• alit/ 
oedim<'ntary rock slid<'·Prone in place-.. 011/locene leaf pri"t•; &imil<>• rock• 
inl<lrb<ldded with r ... """' Emi/lmul C"'""' 11eoerooir; •oils highly uariabl<'. 

Eocene and Oligocene tuffaceous rock.: J.;qui�alelll In par/ of Tc of Wel'
and othero (1956/. uaricolored tuff• a11d •edimenlary rock• d<lriV€d from 
uolcnnic rock•. minor inlerbedtletl (low roc It; soft to modera/dy hard; low 
infillrulion rules; slide-prone over large ar<"'" poulbly no/ co,...,la/iue with 
type Tc sou/ II of map area; •imilar roclt• interb<ldded with Tu near 
!::migrant Creek Rest�rooir; c/ay·rich fOil•. 

Eocene sedimentary rock: t,'quiua/�n/ /0 part O{ 1'u of Wells a11d othero 
( 1956} and lo Teu of Wilkinson and other• ( 19,11 ); riuer-depo•ited hard 
..,nd•lon<l, &hale, a11d co11g/om<lrol<l wllh local coalse<>m• ill •ou/h; aha/low 
marine •a,ds/on" and •illolo"" ;, north; tuffaceou• d<lbris throughout; 
rerolilh variable; dl5/incl/y l><ldd<ld; a/idea rare; low infiltration rateo; 
uo/canic rock i11terbeds and lal<l f:ocene le<>ue• i11 south; impermeabl<l soil 
horizons "" terrace formll.. 

Cretaceous sedimentary rock: Equival""' to l\11 a11</ p<>rl of T" of IV<llls 
and oil'"" {1956}, hurd co.,g/omerote and IIOtul•lol!e ou<lrl<>in l.>y 
mudsto"'' tmd mi11or sal!dsto11e 11eor A•hlaolll; oa,dst011e at Gruue• Creeh; 
dept/1 of we<>!i<<lrii!IJ variable with •lope a11d rock type; mo<leru/e 
ground-water pol<l,lial locally; �arty CrolliC<IO!I• (Albia») a/ Grav<l• Crowl<; 
middle C1'11/aceous (Cel!omut�ioll at�d 'l'urot�ia") """r Ashl"'td, 

Ga�ce f'onnation: f)arh gray to b/ac/1 Hhale with minor 1/tin·/.>�dded 
sandslon<l a11d grallule COIIIJ/omera/<l,' moderul<l lo /,ig/, faullllalioll 
slrenrtl!, low ground-water po/e,t/al; •illy clay loam •Oi/A of �nriable 
thickness; thick bas<l slope colt"ui"n" hazards lm:lud<l slope erosion and 
local mass '"""""'e"t. 

Metamorphic rocks 

�·· 
. .  
• • •  • •  
...-:. -"JIS ,. • . � ·� 

Applept<l f'onnation: � .... - Equioolent t<l meluvolcank• of Well� ""d 
olhe,.. ( 1940); altered laoo nowo, flow breccia•. and pyroc/rulic roclu with 
minor tuffaceous •<'llimentary roch; rrode• ;,.to "lime; l!ard, •leep /eiTain, 
uery low perm<l<lbility, II! in •oil with exception of b"" •lope colluuium; 
mineralil:<llion in p/4ce• l!e<lr U.tr,.•iue rock. "ltu - F:quivalenl to 
mi'laudim<lllla')' roclt• of Well• a11d olheTf (1940}; allered tuf(ac<lous 
oedimellla')' rock. arrillile, chert, a11d lim<lfllln<!; minor 110/canlc rock• 
locolly; uariabli' enlli"""rinr propertlo:.: thick rerolill! and hirh •lid" 
potential whe.-., deeply w.,.,thered, 

May Creek Schist: Medium-1/rade m<ltamorphic rock• deri.,..d from "lta¥, 
"lias and pouibly Jg; include. mafic mo:/auolcanic rock. mica schi•t. 
phyllite, <>nd slate; weakly to •trongly foliated; h<>rd, impermeable, thin 
rl!/lolitll with exception of thick base •lope col/uuium; potential for 
ole<lp . ..tope failure; product of multiple melamorphi•m culmillalinll in 
proxim<>te granitic plutoni!sm (Ka)IS, 1970). 

Intrusive rocks 

Diorile and granodiorite : Ugill gray "'"dium-1/rui"ed i11/ru•i�c roch of 
intermediate com]J<lsilion; •a11dy am/ &ill)! lo<>m soils of uariable thich,eos; 
lhich regolith in places; uery high ero•ioll pOI<llllial at>d •tccp·slope fai/11r� 
po/enlial; mOll<lra/e gro11nd·Wa/er po/clllial In moderately to l{elllly 
<lopi"ll ual/ey areas; e.�cel/en/ quurry roc,h wlwre fresh. 

Gabbro: Gray-green, coarse-grained illlr,.<iv� rock consia/inll or aul/il<l and 
plall/Oclase; de<lply weall<ered wi/h bro•u" to, rust� red soil; mOd<lrat..ty 
high erosi011 PO/e11/ial; low groulld·Wa!Cr pnte11/ia/; geologic relatiou to 
diorite 11nc/ear. 

Serpentinite: Roeh• co,.•i•tilll{ of mineral.o of the &CrPelllil!e group ""d 
/oca/1)1 including o/iuine and pyroxl'ne; complex Tria .. ic oril/ill and 
romo!>iliz<'d alo,g lai<'T faults to pre•enl pooitio,•; brow11i<h In reddish 
/OiJm and clay •oils; .ocant �<ll/elalioll; slide prone. 

Tertiary intrusive r<>ek: Sills, 8/ock., and dik<'• of diorite, iabbro and 
ba.so/1 north a11d i'a•t of Bear c..,.,,., and baaaltlc dihe• ea•l of the mapped 
area; quarry rock pn/enli<>l <JOriable; depth of t<!eath<lring uariable. 

Mineral Mines and Prospects 

1 9 0 

2 2 5  

Ag 
Ao 
Co 

Silver 
Gold 
Copper 

Hg 
Mg 
"" 

Mercury 
Magnesium 
Manganese 

Mo 
Pb 
w 
z" 

Molybdenum 
Lead 
Tungsten 
Zinc 

GEOLOGIC SYMBOLS 

Definite contact 
ApproKimat<l contact 

Faults 
Definite fault 
Approximate fault 
Inferred fault 

-.-+ ' +--'- -
� � 1--, - -

+ Concealed fault ... ; ........ 
Normal fault (ball and bar on downllrr<>wt> side) 

Bedding 

....t... Strike and dlp or bed 

-+- Strike or vertleal box� 
Ill Horizontal bed 

�· Sprine 

Folds 
Deflnite anticline 
Defmlte syncline 
Approximate anticline 
ApproKimate syncline 
lnfeiTI.!d anticline 
JnfeiTI.!d syncline 
Concealed anticline 
Concealed syncline 

Bedrock Geology modified after Wells and others, 1 940, by John D. Beaulieu, 1977 
Surficial Geology by john D. Beaulieu, 1977 
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EXPLANATION 

(Boundaries are approximate: statem�nts are gcnernl; sp��ilic evaluations require 
on-site investigation.) 

Average (Regional) Slope 

Interpreted from maps with scale 1:62,500 

Local slopes 0-10%; landforms include flood plains, terraces, 
pediments and ridge crests; hazards include pending, high 
ground water, flooding, and stream bank erosion; land-use 
potential good in areas of minimal hazard. 

Local slopes 0-50%; landforms include gentle slopes and ridge 
crests surrounding larger valleys; hazards include moderate 
erosion potential and local mass movement; land-use poten
tial good to fair, primarily devoted to agriculture and low 
density residential. 

Local slopes 10-50%; landforms include moderately steep 
hills and valleys; hazards include moderate slope-erosion 
potential and local to large scale mass movement; land-use 
potential variable. 

Greater than 50% slope locally; landforms include valleys and 
mountains; hazards include severe erosion potential, earth
flow, slump, and minor steep slope failure; land-use potential 
generally limited to very sparse development and well
managed forestry. 

50% to vertical locally; landforms include steep canyons, 
cliffs and mountains; local hazards include rockfall, rockslide, 
debris avalanche, and severe erosion potential; land-use 
generally restricted to well-managed forestry and open space. 

GEOLOGIC HAZARDS 

Mass Movement 

Deep bedrock slides: Large areas of deep failure involving bed 
rock in addition to soil and regolith; active and inactive; 
recognized by large scale topograhic irregularities and 
displacement of bedrock units; distribution in study area 
generally determined by faults; possible hazards may include 
continued sliding, variable foundation strength, variable 
cutbank stability, poor drainage, and others; potential for 
development generally low. 

Earthflow and slump topography (areas less than 10-20 acres 
not shown; see Slope): Moderately sloping terrain with 
irregularities of slope, drainage, or soil distribution; recent 
movement shown by tension cracks, bowed tTees, and others; 
most widespread in Teot and Teov units, and deeply 
weathered bed rock; most common in areas of stream bank 
erosion or active headward erosion of streams; possible 
hazards include continued movements, low cutbank stability, 
poor drainage, and others; development possible locally, but 
generally may reactivate or accelerate sliding. 

Steep-slope mass movement: General areas subject to 
localized rock fall, rockslide, debris avalanche, and debris 
flow; most widespread in steeply sloping KJd, Ttmc. Ttav and 
lin; specific occurrences controlled by faults, joints, soil 
water, soil thickness, vegetative cover and land use; mitiga
tion may include structural solutions, drainage control, and 
appropriate land-use and forest management practices. 

Potential f11ture mass movemen t: Places of highest potential 
for future mass movement througlz improper or clwnging 
land use include: 

Deep bedrock slides - areas of regional faulting or 
interbedded rocks of differing engineering properties. 

Earth {low and slump topography - tuffaceous interbeds 
of Teot and Teov; also deeply weathered bed roc h. 

Steep slope failure - steeply sloping KJd, lime. liaY. and 
R., especially in areas of soil water acctJmulalion, 
joints, or faults. 

Delineation requires detailed mapping on larger scale than 
t/Jat of this study. 

Flooding 

Flood of 1964: Distribution of flood of December, 1964 as 
determined by U.S. Army Corps of Engineers (1965) using 
limited observations and gage height data; approximates a 
50· year or 2% flood. 

Flood of 1861: Distribution of flood of 1 861 as determined 
by U.S. Army Corps of Engineers (1965) using limited 
observations; approximates a 100-year or 1% flood . 

Flood-prone areas: Areas subject to flood hazard of 50· to 
100-year frequency near Tolo and Brownsboro, and streams 
subject to bank overflow (distribution of adjacent lowland 
pending not indicated); based on reconnaissance observations 
and landform analysis. 

High ground water and ponding: Accum ulation of water in 
the shallow subsurface or on the surface as a result of flat 
topography, poor drainage, bank overflow. rain water 
ponding, irrigation, or other natural or man-induced causes: 
most widespread on flat Qoa and Qbg; features include 
distinctive soils and vegetation, depressions, and others: 
Delineation requires detailed factor mapping on a larger scale 
than that of this study. 

Erosion 

Slope erosion: Loss of soil by moving water on slopes; 
favored by sandy or silty soils (especially over KJd), lack of 
consolidation, slope gradient, slope length, and absence of 
vegetation or other protective cover; removes valuable topsoil 
and causes deposition downslope; may cause siltation of 
streams, municipal water supplies etc.; wide variety of 
engineering and land management techniques for control. 

Channel change: Areas of relocated stream channel by 
natural means since preparation of base maps (1954); 
common between Dodge Bridge and Raygold on Rogue River 
and downstream from Applegate on Applegate River: 
indicates areas of unstable channel and high velocity 
flood ways. 

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

Torrential flooding: Areas of high probability for floods 
characterized by rapidly flowing water with high channel and 
stream bank erosion potential in narrow canyons with little 
or no flood plain; generally restricted to high gradient 
streams flowing through steep terrain of high relief; channel 
deposits generally coarse and poorly sorted. 
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EXPLANATION 

{Boundaries are approximate: statements arc general: specific evaluations r�quirc 
on-site investigation) 

SURFICIAL GEOLOGIC UNITS 

Stream deposits 

Quaternary alluvium: UnCVI!BO/ida ted grovel, sand, sill, and clay in •l,eam 
beds and flood plains of mQjor streams; equivalent to part o(Qal of LYe/Is 
and others (1956); no/ &hown along &maller streamg owing to limitation& 
o/ocale: oubiecl to •lr""m (loodinfl; immalu..., soils. 

Quaternary alluvial fan deposits: U�tcomso/idated graw/, .wnd, <md •ill 
occurring as fan deposits adjacent to Qoa a/ the mouths of some torre111ial 
flood chan,els; subject IOC<JIIy to /orrelllial flooding, banh o�erflow, 
erosion. and deposilion. 

Quaternary older alluvium: Unco,•olidated grQ�el, •and, silt, aud clny 011 

terraces generally above flood plains of major streams; lllso ulluvial 
le"'aces of up/and streams; eq"iuulcn l in part to Qal of \Veils ami o/!o<.�rs 
( I  956): inc/"des several intflrm�d ia/c lcrrace /�uels of varyiiiN ages; subJect 
to local flooding, pond hog aml loilllo growod water; reslriclh'e soil /ayers. 
QuHt�rnary bench gravels: Semi-consolidated gravel, sand, clay, an<l �ill 
forming lli.f/h level terrace in tlear Creek Valley and a/aug Uoilue Riv�r; 
upper hon�ons rich in clay; include• Qbi/ of !Veils and o/he'• {1956}; 
l(enen:�lly charncle,ized by distinctive 'patterned' ground of low intercon· 
necll'd rocky channels; restrictiuc soil laY"'""; subject to poor drnillal(e, 
ponding, and high ground wa/<!"r. 

BEDROCK GEOLOGlC UNITS 

Volcanic and sedimentary rocks 

Pliocene ba.<;.alt: I:,'qulua/elll lo pre-Ma�anw bawl/ of \Vel/< a11<l others 
(1956); gray i<h-blacl<, de,se, frc•h /J(lsa/t; several flow• with to/a/ 
1/oicknes.• of 125 feet; cap• Upper ""d Lower '/'abl<• Roci<s: �erlical 
co/11mnar joint• ""':1 i"egufa, joints; interpreted as inlercanyou flow roch 
of lli!Cii!IJI Rogue Riuer ualle� now P/1/�'crued ll< inuerted topogroplly. 

Eocene and OHgocene volcanic rock: f;quivalenl to Uo:ry Formation of 
Well� and others {1 956) and anlomero/e and older basalt flow• of 
Willlinson and other• ( 1941/; andesilic flow•. breccias, agglomeratu, and 
luffs with interbedded o<md•lone and shale; rhyolitic and dacilic flows 
locally; flow thickneu 10·100 (<Jet; flow rochs hard and stable; luff• a11d 
oedimen/ary rock slide-pron<J In places; Olisfocene /f'a( pri11/o: •imi/ar rocks 
iut<Jrbedded with Tf's n<J<I' f:migrunl Creel! Reservoir; ooils highly uariabte. 

Eocene and Oligocene tufface<.>us r<.>cks: Equivalent to par/ of '/'c of LYelL> 
and <.>/hers {1956); ua,icolored tuff• and sedimentary rocks dc,iued from 
vo/cauic rocks. minor inlerbo!<lde<l flow rock; so{/ to modero/e/y hard; /oov 
infiltration rates; slide-prone ouer Iorge "'eas; po.,.i!Jiy no/ correlaliue with 
I)' I><< '/'c south of map urea; •imllar rack< in/erbedde<l wilh '/'u 11ear 
t..'mi!l'<"'l Crefll< Reserooir; cluy·rlc/o soil<. 

Eoc�ne sedimentary rock: £q"ivalenl to part of Tu of Wells a1ul o/l,er. 
/1956) a11d to '/'eu of Wilkinson a11d others {1941): river-depa.i/ed hard 
••wds/one, shale, and conRiomcraw willo local coal seamN in SOl</h; shal/ou> 
marine sandsto11e ond siltstotoe in north; tuffaceous debri• lhroughout; 
regoWh oodable; distinctly bedded; &!ides rore; low infiltration roles; 
volcanic roch inlerbed• and late Eocene /eoves in south; impermeable •oil 
horizon• on terrace form&. 

Cretaceous sedimentary rock: Equ/ua/e"l to Kh and vorl of Tu of Well� 
and others { 1 956); hard cong/omcrn/e and sond$/Onf' ouer/ai11 by 
muds/Onf' and minor sontblone nea� Ashla11d; oand.tone at Grouts Creek: 
depth of weathering uariab/e with slope and rock type; moderate 
!170UIId·water poten/ialloca/ly; J':ar/y C...,laceous (Aibian) a/ Grnue• C"'ek; 
middle Cretaceous (Cel!omallian a11</ 'T'uronian) near Asloland_ 

Gulice f'ormation: Dark gray lo (!lack shale with mi11or 1/oin·IJG>lde<l 
<audslone and l(r(llw/e cmoglomeratfl; moderate to high faun<latio" 
•trcngth, low grouud-woter I>Oientia/; •illl' c/uy /o�m •oils of !IQ'iub/c 
lhickn�u; lhich base slope co!/!wlllm; hazards inc/11de 'lope erosion ami 
local mass movement. 

Metamorphic rocks 

App\eJate Formation: """v - Equivalent to me/auo/canic• of ll'dl• and 
othe� ( 1940}; ol/erf'd laoo (low•. flow breccias, and pyroclastic roclu with 
minor tuffaceous <edimen lor}' rock•; grode1 inlo �me; hard, o/eep terrain, ""�Y /o� p�rmeabflily. thin •oil with exception of ba.<e •lope colluvium; 
mm.,rol•zatwn in plac<'l nf'ar Intrusive rock_ 'JI;.,, - f:Quiualent to 
mel_a ... dunen/ary ro�k� of Well• and othe�s {1940): al/ered tuffa�eous 
sedm•enltHY. rock, argillil<�, chert, a11d limestone; minor volcanic rocks 
locally; uarwble engineering p'operlif'•: thick ,.,go/1/h and high •lide 

pote111ial whe"<l deeply wO?tith�red. 

May Creek Schist: /1/cdilln>·lf'ade metamorp h ic rocks derived (rom 'Jiav "Jtu . a11d POS$ibly Jg; inc/11de& mafic metavolcanic rock, mica schi<i. 
phy/l�te, an_d slate; weakly to •trmo�ly foliated, hard, impermeable, tltilo 
regol!th w1lh exception of /hick bas" •tope colluuium; potential for 
s/eep-slopf' fai/u,e; product of multiple metamorphism cu/minali"l in 
P'O:rimate granitic plutonism (Kays, 1 9 70). 

Intrusive rocks 

Diorite and granodiorite; l.iRht groy medium-groined intruslue rock of 
int

_
e,media l

_
e composition; sandy and silty loam soils of variable 1/>ickne,.; 

lhrck r�gollth in Places; uery high ero•ion po/ential and steep-slope failure 
P<Henloal; moderate ground·walcr poten/ia/ in moderately to gently 
$/Opi"il valley areas; excellent quarry rock where fresh. 

Gabbro : Gray-green, coarse-i{raiued iii/I"U8iue 'ock �onsistirll{ of augilc a rod 
Plaf{ioclase; deeply weathered <oiJIJ brown to, rusty o·ed soil: moderately 
loi�;h erosion pole11/ial; low jiroulld·Wa/er po/e.,tial; geologic rc/ativro t� 
diorite <mclear. 

Serpentinite: Rocks consisli"lf of minerals of the serpe11/ine group and 
locally includi"fl olivine and pyro:rene; comp/e:r 'rrianic origin and 
remobili.>�d along late' faults to pre•ent positions; 1Jrou111ish to reddish 
loam and clay soils: scant uegetalion; t</ide prone. 
Tertiary intrusl•·c rock; Sill•, 5/ock$, and dike• of diorite. gabbro and 
boiSCit north and east of Bear C'""""· and basaltic dil<�s east of the mapped 
area: quarry rock po/enlial wrtab/c; deplh of weathering 11ariable. 

Ag 
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Mg 
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GEOLOGIC SYMBOLS 

Definite contact 
Approximate contact 

Faults 
Definite fault 
Approximate fault 
Inferred fault 

-.+ 
:+= , -· ;- i-
�r-��� 

Concealed fault """f"- ... 
Normal fault (ball and bar on downthrown side) 

Bedding 

....1.... Strike and dip of bed 
Strike of vertical bed 

e Horitontal bed 

� Spring 

Mo 
Ph 
w 
Zo 

Folds 

Molybdenum 
Lead 
Tungsten 
Zinc 

Definite anticline 
Definite syncline 
Approximate antldlne 
Approximate syncline 
lnfemd anticline 
lnfemd syncline 
Concealed anticline 
Concealed syncline 

Bedrock Geology for the Ruch Quadrangle modified after Wells 
and others, 1 940by john D. Beaulieu, 1977 
Surfidal Geology by john D. Beaulieu, 1977 

Bedrock Geology for the Wimer Quadrangle modified after Diller, 
1924 by john D. Beaulieu, 1977 
Surficial Geology by john D. Beaulieu, 1977 
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EXPLANATION 

(Boundaries are approximate: statemcrus arc general: �pccilic evaluations require 
OrHit� investigation.) 

Average (Regional) Slope 

Interpreted from maps with scale 1 : 62,500 

Local slopes 0-10%; landforms include flood plains, terraces, 
pediments and ridge crests; hazards include ponding, high 
ground water, flooding, and stream bank erosion; land-use 
potential good in areas of minimal hazard. 

Local slopes 0-50%; landforms include gentle slopes and ridge 
crests surrounding larger valleys; hazards include moderate 
erosion potential and local mass movement; land-use poten
tial good to fair, primarily devoted to agriculture and low 
density residential. 

Local slopes 10-50%; landforms include moderately steep 
hills and valleys; hazards include moderate slope-erosion 
potential and local to large scale mass movement; land-use 
potential variable. 

Greater than 50% slope locally; landforms include valleys and 
mountains; hazards include severe erosion potential, earth
flow, slump, and minor steep slope failure; land-use potential 
general!y limited to very sparse development and well
managed forestry. 

50% to vertical locally; landforms include steep canyons, 
cliffs and mountains; local hazards include rockfall, rockslide, 
debris avalanche, and severe erosion potential ; land-use 
generally restricted to well-managed forestry and open space. 

GEOLOGIC HAZARDS 

Mass Movement 

Deep bedrock slides: Large areas of deep failure involving bed 
rock in addition to soil and regolith; active and inactive; 
recognized by large scale topograhic irregularities and 
displacement of bedrock units; distribution in study area 
generally determined by faults; possible hazards may include 
continued sliding, variable foundation strength, variable 
cutbank stability, poor drainage, and others; potential for 
development generally low. 

Earth flow and slump topography (areas less than 10-20 acres 
not shown; see Slope): Moderately sloping terrain with 
irregularities of slope, drainage, or soil distribution; recent 
movement shown by tension cracks, bowed trees, and others; 
most widespread in Teat and Teov units, and deeply 
weathered bed rock; most common in areas of stream bank 
erosion or active headward erosion of streams; possible 
hazards include continued movements, low cutbank stability, 
poor drainage, and others; development possible locally, but 
generally may reactivate or accelerate sliding. 

Steep-slope mass movement: General areas subject to 
localized rock fall, rockslide, debris avalanche, and debris 
flow; most widespread in steeply sloping KJd, Rmc, Ra. and 
Ft .. ; specific occurrences controlled by faults, joints, soil 
water, soil thickness, vegetative cover and land use; mitiga
tion may include structural solutions, drainage control, and 
appropriate land-use and forest management practices. 

Potentio.l future mass movement: Places of /u'ghest potential 
for future mass movement through improper or changing 
land use include: 

Deep bedrock slides - areas of regional faulting or 
interbedded rocks of differing engineering properties. 

Earth flow and slump topography - tuffaceous interbeds 
of Teot and Teov; also deeply weathered bed I'Ocll. 

Steep slope failure - steeply sloping KJd, Rmc, Rav. and 
R.s especially in areas of soil water accumulation, 
joints, or faults. 

Delineation requires detailed mapping on larger scale than 
that of this study_ 

Flooding 

Flood of 1964: Distribution of Clood of December, 1964 as 
determined by U.S. Army Corps of Engineers (1965) using 
limited observations and gage height data; approximates a 

50-year or 2% flood. 

Flood of 1861: Distribution of flood of 1861 as determined 
by U.S. Army Corps of Engineers (1965) using limited 
observations; approximates a 100-year or 1% flood . 

Flood-prone areas: Areas subject to flood hazard of 50- to 
100-year frequency near Tolo and Brownsboro, and streams 
subject to bank overflow (distribution of adjacent lowland 
ponding not indicated); based on reconnaissance observations 
and landform analysis. 

High ground water and ponding: Accum ulation of water in 
the shallow subsurface or on lhe surface as a result of flat 
topography, poor drainage, banll overflow, rain water 
ponding, irrigation, or other natural or man-induced causes; 
most widespread on flat Qoa and Qbg; features include 
distinctive soils and vegetation, depressions, and others; 
Delineation requires detailed factor mapping on a larger scale 
than tilat of this study. 

Erosion 

Slope erosion: Loss of soil by moving water on slopes; 
favored by sandy or silty soils (especially over KJd), lack of 
consolidation, slope gradient, slope length, and absence of 
vegetation or other protective cover; removes valuable topsoil 
and causes deposition downslope; may cause siltation of 
streams, municipal water supplies etc.;  wide variety of 
engineering and land management techniques for control. 

Channel change; Areas of relocated stream channel by 
natural means since preparation of base maps (1954); 
common between Dodge Bridge and Raygold on Rogue River 
and downstream from Applegate on Applegate River: 
indicates areas of unstable channel and high velocity 
flood ways. 

Critical stream-bank erosion {not including torrential flood 
channels): Undercutting and caving of river and stream banks 
by stream action; restricted primarily to outer bends of 
meanders on larger streams; characterized by steep slopes, 
deep water near shore, and actively growing bars on inner 
bend; mitigation may include riprap, channel modification, 
bar removal, and land-use restrictions depending on local 
hydraulics, desired land use, and erosion rates. 

Torrential flooding: Areas of high probability for floods 
characterized by rapidly flowing water with high channel and 
stream bank erosion potential in narrow canyons with little 
or no flood plain; generally restricted to high gradient 
streams flowing through steep terrain of high relief; channel 
deposits generally coarse and poorly sorted. 
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EXPLANATION 

{Boundaries are approximate; statements are general; specific evaluations require 
on-site investigation) 

SURFICIAL GEOLOGIC UNITS 

Stream deposits 

Quaternary allu>'ium: Uncon•olidated grt�uel, .and, •ill, and cia)' In �lreom 
bed• and nood plain• o( m�or 11recms; equiV«Ient lo port of Qal of \Veils 
and others (1956}: not sh<>wn atonr smo//er dream• <>winl to 1/m//alion• 
of sco/e: subJect to •trcam no<>din1: immature •oil•. 

Quaternary alluvial f.an dcposil-": Unconwtidated growl. 10nd. ond •ill 
occun-ing as fo" dcpo•il• odjoce"l to Qoa ot the mouths o{ """41 torrential 
flood chant�els; subject I<>C<111l' to ton-enliQ/ floodit�ll. b<lnh o�ilrflow, 
ero8ion. at�d depo�/1/on. 

Quaternary older alluvium: Ut�con&otidated rravel. sl!nd, sill. alld claY o" 
terraces get�erall)' above flood !>lain& Q( major streams; al•<> alluvial 
terraces of up/and streams; eouiwlet�l in part to Qal of Well• a11d other• 
( 1956); include• •evera/ lntermedklte terrt�ee leuels of var)'inll agu; &llb}ec/ 
to local nooding, pondinl at�d high ll1VUnd water: rc•triclive ¥Oil lo)'er8. 

Quaternary bench gravels: Seot�konwlidoted lrtiVe/. sond. c/a)'. ond •ill 
forming high leuel terrt�ce in Jleor Creeh Volley and along RQgllt River; 
upper hori:ons rich in cia)': include• Qbg of \Veil• and other• f/956); 
get�er"ll//)' choroc/eri;ced b)' difllnctive 'patterned' ground r;Jf low intercon
"ected 1VCI<)' chonndo: rutrlctiw •oil /ayei"S: &ubjec/ to poor dr"llinage, 
ponding, and high ground wat .. r. 

BEDROCK GEOLOGIC UNITS 

Volcanic and sedimentary rocks 

Pliocene basalt: Eqnl•·alcnl to pre.Mozama basalt of Wells and other& 
(1956); grayish·blach. !hms�. frc�h basa/1; $1!Uerlll flow� with toto/ 
thiclmeu o( 125 feet: cap• Upper and Lower 7'ab/c flock,; uerlical 
columnar joit�ls a"d irregular joit�t&; interpreted as inte.-.;an)'On flow rock 
<>( ondet�l Rogue River 110/lel' tlOW pre$crved as itlU41r/ed IOPOir<zPII)'. 

Eocene and Oligocene volc11.nic rock: Equivalent to 1/,Qxy Formolion of 
We//& ond <>thei"S ( /956} ond orrtomerote and older ba&o/1 {low• of 
Witkln•on ond other• (19•/JI: ande•il ic nows, bYeccla&. outomer"llle•, and 
tuff• with interbedded 1and.tone and shale; rhyolitic and doc/tic (low• 
local/)'; now thicltneu 10·100 fe<�t; flow rocks hard and liable; luff• o"d 
,.,dimentary rock 1/ide·pron" In place•: Oligocene leaf pri,t-: •lmilor rocks 
it�terbedded with 7"e• t�oor EmiRr<�t�t Creek Reservoir; soi/1 hlrht)' uariable. 

Eocene and Oligocene tutfaceous rocks: Equi�alenl to part of •rc o{ \\lell.o 
at�d o/hers (1956): �orlcolo�Vd luffs at�d S41dimen/ory rock& derived from 
vo/couic rock�. minor inlilrbedded flow rock: soft to moderately hard; low 
/nfiltrali<>n rote•: s/ide·oro"� OV<!r Iorge areas; posaibll' no/ corre/o/ive with 
t)'pe Te south of map area: similar rock8 interbedded will! '1"118 neor 
Emigrant C...,ek Re•arvo/r; cla)'·rich soils. 

Eocene sedimentary rock; Equivalent to part of '1'11 o( \Veil• and others 
(1956) and to Teu of Withln•on a"d others (1941): r/ver.fiep<>&llfld hard 
1011d1tone, shale, and conglomera/" w/lh l<>col cool seam• in fOuth: shallow 
marine sa,ds/one and lill&lone in north: tuffaceoJU debri• throughout: 
rero/1/h oorioble; dhtinc/1)' bedded: 5/ides rare; tow Infiltration rotef; 
uolcanic rock interbed• and late b"<>ce"e leave• in south; lmperml!<>bl<! roil 
horhons on terrocil form .. 

Cretaceous sedimeruary rock: b"quiva/en/ to Kh and par/ of Tu o( l!'el/1 
and others (1956); hord cong/omert�te and sancl.stone overlain by 
muds/one and minor •and•lone n""r A&hland: sand•tone at Grovn Creek; 
deo/11 r;Jf weathering 110r/able with $/ope and rock type; madert�/c 
ground.water potelltiol locall)'; �-·arly Cretaceous (Albian) at Grov111s Creeh; 
middle Cretaceous (Cenoma.,io" and '/'uronio"J near Ashland. 

GaUce F'ormation: Dorh gray to l.>lacll .•hale wi/11 m/t�or lhit�·bedded 
S<mdstone and K'"UtlU/11 cOt�lllomerate; moderate to high fo•mdatlon 
8/renrth, low ground·Water pote111ia/: •illy clay loam soil• of variable 
thickness; /hick b<>se •lope cot/uuium; hazards it�ctude dove ero•lon and 
local mass movamerll. 

Metamorphic rocks 

App!egat" Formation: "llav - .Equivalent Ia melauolcanic• of Well• o11d 
otheno (1940): altered law (low•. (low breccias, and pyroclastic rocks with 
minor tuf{oceout sedime11tory roch; Nrt�des into "l1 mc;hard, •leep ten-oin 
very low permecbilily. thin 101/ with exception of bose •lope colluvium

'
; 

minert�lization in places n41ar intru<ive roch. "lias - £qulvolent to 
mdasedimentor)' rocks of \Ve/11 Otld o/hero {1940}: altered tuffaceous 
sedim41t�/ary rock, argillite, chert, and limeston4!; minor volcanic rocks 
local/)': Vllriable engineering properties: thick regolith and high slide 
po/ontt../ where d�cpl)' ou<l<llhered. 

May Creek S<:his�: Medillm·,-rade metam<>rphic roch derived from "lin, "lin and possibly Jg; include� mafic me/auo/conic rock, mico schial. 
phy/11/e, and slate; weak!)' to •tronrll' foliated; hard, lmpermeob/e, thin 
regolith with exception of thick b<11e 1/ope co/luuium: pote,.tlal tor 
•leep·•lope failure; product of multiple metamorphism cu/minalinr ;,. 
proximate gronitic plu/o,. iam (Ka)'l, 1 970}. 

Intrusive rocks 

Oiorl�e and eranodiorite: Lilhl llro)' medi11m-grained lntrusiue rock of 
it�termedU.te compasi/ion; .at�dy and •illy loom wits ot 110riab/e thicknu&; 
thick rerOiith it� place•: uer)' hillh erosion potential and 0/eep·slope failure 
potential; moderate ground·wa/cr pa/et�tial in mod4!rll/el)' to rent/)' 
1/opi"/1 ""1/cy area•: excellent q11arry roc!< where fresh. 

Gabbro: Gray-green, coar<e·¥rained intru•i••e roc/< con•islillr/ <>f Ol<lllle at�d 
plagioclase: deeply weathered 1uitl! brown to. r"$1� red sol/; "'<>derately 
hilh erosion potel!llat: tow l{rOul!d·water potential; geotorlc relation to 
diorite unclear. 

�rpentinite: Rocks cOI!Ihlin/1 of mit�era/s of the ¥erpentin41 group 0,d 
/ocolly includitll olivine a"d p)'mxene; complex Trt..uic orl1in and 
remobilized along later folt/11 to pre1e"t poJitions: bmwnhh to r41ddifh 
loam and cia)' 50ils; �eant uereta/ion; slide prone. 

Tertiary intrwt�ive rock: Silts. 1/ocks, ""d dikeJ of dloritfl, rabl>ro ond 
ba$a/t north and ""'t of Bear Creek, and basaltic dike• eoll <>f the mopped 
orea; quarry rock potential variable; depth of w""lheri"ll uarioble. 

Ag 
'" 
Co 

Mineral Mines and Prospects 

Silver 
Gold 
Copper 

Con /.acts 

"" 
Mg 
Mo 

Mercury 
Magnesium 
Manganese 

GEOLOGIC SYMBOLS 

Definite conl.act 
Approxlm•te contact 

Faults 
Definite fault 
Approximate f•ult 

Inferred fault 

Beddinc 
.....1... Strike and dip or bed 
_,_ Strike or •ertical bed 
$ Horizontal bed 

.-• Sprinc 

Mo 
Pb 
w 
Zo 

Folds 

Molybdenum 
Lead 
Tungsten 
Zinc 

Definite •ntlcline 
Definite syncline 
Approxim•te anticline 
Approximate syncline 
tnrermd mtlcl!ne 
lnfemd syncline 
Concealed m ticline 
Concealed syncline 

Bedrock Geology modified after Wilkinson and others, 1941,  by john D. Beaulieu, 1977 
Surficial Geology by john D. Beaulieu, 1977 
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EXPLANATION 

(lioundaries are approximate; �latements arc general: �pccitk cvalu:Hion! require 
on-site investigation.) 

Average (Regional) Slope 

Interpreted from maps with scale I :62,500 

Local slopes 0-10%; landforms include flood plains, terraces, 
pediments and ridge crests ; hazards include ponding, high 
b'l'ound water, flooding, and stream bank erosion ; land-use 
potential good in areas of minimal hazard. 

Local slopes 0-50%; landforms include gentle slopes and ridge 
crests surrounding larger valleys; hazards include moderate 
erosion potential and local mass movement; land-use poten
tial good to fair, primarily devoted to agriculture and low 
density residential. 

Local slopes 1 0-50%; landforms include moderately steep 
hills and valleys; hazards include moderate slope-erosion 
potential and local to large scale mass movement; land-use 
potential variable. 

Greater than 50% slope locally; landforms include valleys and 
mountains; hazards include severe erosion potential, earth
flow, slump, and minor steep slope failure; land-use potential 
generally limited to very sparse development and well
managed forestry. 

50% to vertical locally ; landforms include steep canyons, 
cliffs and mountains; local hazards include rockfall, rockslide, 
debris avalanche, and severe erosion potential; land-use 
generally restricted to well-managed forestry and open space. 

GEOLOGIC HAZARDS 

Mass Movement. 

Deep bedrock slides: Large areas of deep failure involving bed 
rock in addition to soil and regolith; active and inactive; 
recognized by large scale topograhic irregularities and 
displacement of bedrock units; distribution in study area 
generally determined by faults; possible hazards may include 
continued sliding, variable foundation strength, variable 
cutbank stability, poor drainage, and others; potential for 
development generally low . 

Earthflow and slump topography (areas less than 10·20 acres 
not shown; see Slope): Moderately sloping terrain with 
irregularities of slope, drainage, or soil distribution; recent 
movement shown by tension cracks, bowed trees, and others; 
most widespread in Teat and Teov units, and deeply 
weathered bed rock; most common in areas of stream bank 
erosion or active headward erosion of streams; possible 
hazards include continued movements, low cutbank stability, 
poor drainage, and others ; development possible locally, but 
generally may reactivate or accelerate sliding. 

Steep-slope mass movement: General areas subject to 
localized rock fall, rockslide, debris avalanche, and debris 
flow; most widespread in steeply sloping KJd, Rmc. Rn and 
Rn; specific occurrences controlled by faults, joints, soil 
water, soil thickness, vegetative cover and land use; mitiga· 
tion may include structural solutions, drainage control, and 
appropriate land-use and forest management practices. 

Potential fu/Hre mass movement: Places of highest potential 
for fu ture mass movement through improper or changing 
land use include: 

Deep bedrocl? slides - areas of regional faulting or 
interbedded rocks of differing engineering properties. 

Earth flow and sh1mp topography - tuffaceous interbeds 
of Teot and Teov, also deeply weathered bed rocll. 

Steep slope failure - steeply sloping KJd, Rmc, "R>v, and 
R.. especially in areas of soil water accum!J/alion, 
joints, or faults. 

Delineation requires detailed mapping on larger scale than 
that of tiJis study. 

Flooding 

Flood of 1964: Distribution of flood of December, 1964 as 
determined by U.S. Army Corps of Engineers (1965) using 
limited observations and gage height data; approximates a 
50· year or 2% flood. 

Flood of 1861: Distribution of flood of 1861 as determ ined 
by U.S. Army Corps of Engineers (1965) using limited 
observations; approximates a 100·year or 1% flood . 

Flood·prone areas: Areas subject to flood hazard of 50- to 
100-year frequency near Tolo and Brownsboro, and streams 
subject to bank overflow (distribution of adjacent lowland 
ponding not indicated) ;  based on reconnaissance observations 
and landform analysis. 

High ground water and ponding: Accum alalion of water in 
the shallow subsurface or on the surface as a r·esull of flat 
topography, poor drainage, banll ouer{low, rain water 

ponding, irrigation, or other natural or man-induced causes; 
most widespread on flat Qoa and Qbg; features include 
distinctive soils and vegetation, depressions, and others; 
Delineation requires detailed {actor mapping on a larger scale 
than that of this study . 

Erosion 

Slope erosion: Loss of soil by moving water on slopes; 
favored by sandy or silty soils (especiaHy over KJd), lack of 
consolidation, slope gradient, slope length, and absence of 
vegetation or other protective cover; removes valuable topsoil 
and causes deposition downslope; may cause siltation of 
streams, municipal water supplies et.c.; wide variety of 
engineering and land management techniques for control. 

Channel change: Areas of relocated stream channel by 
natural means since preparation of base maps (1954); 
common between Dodge Bridge and Raygold on Rogue River 
and downstream [rom Applegate on Applegate River : 
indicates areas of unstable channel and high velocity 
flood ways. 

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

Torrential flooding: Areas of high probability for floods 
characterized by rapidly flowing water with high channel and 
stream bank erosion potential in narrow canyons with little 
or no flood plain; generally restricted to high gradient 
streams flowing through steep terrain of high relief; channel 
deposits generally coarse and poorly sorted. 
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