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Assumes any l i ab i l i t i es  w i th  respect to the use of, or for damages resul t ing from the use of 

any information, apporotus, method, or process disclosed i n  t h i s  report. 

Neither the United States, 

9. 
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W. M. McMaster* and H. D. WallerM 

Introduction 

Since Oak Ridge National Iaboratory began operation in 1943, 

radioactive wastes have been released on a continuous basis to the 

environment of Whiteoak Creek Basin. The natural factors affecting 

movement or retention of the radionuclides released are the water 

moving in and through the basin and the materials over and through 

which the water and its associated radionuclide load pass in transit. 

Because the geology and soils of 'MMteoak Creek Basin are 

the principal modifying agents in water movement and the soil selec- 

tively fixes radionuclides, a knowledge of their characteristics is 

necessary for an understanding o f  the manner in which radionuclides 

move through or are stored in the basin. 

This report is a description of the geologic setting, the 

characteristic soils, and the general hydrologic characteristics of 

the geology and soils of the basin. 

* On loan f r o m  Water Resources Division, U. S. Geological Survey. 

x+ Radiation Ecology Section, Health physics Division, Oak Ridge 

National Laboratory. 

** Abstracted in part from W. M. McMaster, Geology of the Oak Ridge 

Area, Tennessee (4) . 
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Previous geologic and s o i l s  work 

Parts of t he  geology and s o i l s  of Vhiteoak Creek Basin have 

been mapped i n  some d e t a i l  previously.  I n  1950 a geologic map of 

p a r t  of Bethel  Valley was prepared by H .  J. Klepser''), Department 

of Geology and Geography, Universi ty  of Tennessee, i n  which Klepser 

divides  t h e  Chickmauga Limestone i n t o  e i g h t  l i t h o l o g i c  units. Klepser ' s  

subdivis ion i s  used i n  t h i s  r epor t .  

of Engineers, mapped the  southwestern p r t  of Melton Valley and divided 

t h e  Conasauga Group i n t o  four l i t h o l o g i c  u n i t s ( * ) .  A general ized s o i l s  

map of t h e  Oak Ridge area was compiled i n  1961by  Dorothy Carrol ,  U. S. 

Geological Survey, g iv ing  a summary of mineralogical  and chemical data  

f o r  some s o i l  and rock samples co l l ec t ed  i n  t h e  area(3). 

map of t h e  Oak Ridge area was prepared by W .  M. McMaster, U.  S. 

I n  1954 John Barnet t ,  U. S. Corps 

A geologic 

Geological Survey, and published i n  1963 (4) . 
The base map f o r  t he  accompanying geologic and s o i l  maps was 

prepared by t h e  Graphic Arts Sect ion a t  Oak Ridge Nat ional  Laboratory 

and i s  a composite map made from t h e  1942 Stone and Webster map which 

has a s c a l e  of 1 i n .  t o  400 f t .  and a 10- f t .  contour i n t e r v a l ;  t h e  

1953 e d i t i o n  of t h e  TVA-USGS Bethel Valley quandrangle which has a 

s c a l e  of 1 i n .  t o  2,000 f t .  and a contour i n t e r v a l  of 20 f t . ;  and 

s e v e r a l  r ecen t  planimetr ic  maps prepared by t h e  P lan t  and Equipment 

Division a t  ORWL. 
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Climate 

According t o  the  U.  S. Weather m e a u  (Local Climatological 

Data, 1963) the  OfwL area has a record mean annual prec ip i ta t ion  of 

51.80 i n .  and a record mean temperature of 58.1' F. 

monthly r a i n f a l l  var ies  considerably through the year, the maximum 

generally occurring i n  February, which has an average of 5.84 in . ;  

and the  minimum generally occurring i n  October, which has an average 

of 2.61. inches. 

The average 

The range of prec ip i ta t ion  occurring i n  any one 

month, i s  however, widely variable;  f o r  example, recorded r a i n f a l l  

f o r  October has ranged from none i n  1963 t o  6.43 in .  i n  1949. 

period of g rea t e s t  average r a i n f a l l  c lose ly  corresponds t o  the  

period of lowest average temperatures. 

The 

Eocation and Description of Basin 

Whiteoak Creek Basin i s  located i n  Roane Co., Tennessee, 

i n  the southern part of the  Oak Ridge Reservation. It has an area 

of 6.01 sq. m i .  

where i n  the  western p r t  of the Tennessee sect ion of the  Valley and 

Ridge province, consis t ing of parallel ridges and val leys  trending 

northeast .  The range of a l t i tude is  from 735 f t .  above mean sea 

l e v e l  a t  the  mouth of Whiteoak Creek during l o w  pool s tage of  Watts 

Bar k k e  t o  1,356 f t .  at the  c r e s t  of Melton Hill. 

are a t  an a l t i t u d e  of about 800 f e e t  and the  c r e s t s  of Haw Ridge and 

Chestnut Ridge a t  about 1,100 f t .  

The topography of the  basin is  similar t o  that else- 

The va l ley  f loors  
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Drainage is  by Whiteoak Creek t o  tlne Clinch River a t  Clinch 

River Mile 20.8. Whiteoak Creek o r ig ina t e s  as a s e r i e s  of spr ings 

i n  the  northern p a r t  of t h e  basin,  from where it flows southwest 

through Bethel Valley t o  a w a t e r  gap i n  Haw Ridge t o  en te r  Melton 

Valley, then flows tnrough a small impoundment known as Whiteoak 

Lake which is crea ted  by a highway f i l l  dam 0.6 m i l e  upstream from 

t h e  stream's mouth. Most of Melton Valley i s  drained by Melton 

Branch which jo ins  Whiteoak Creek a t  Whiteoak Creek Mile (WOCM) 

1.55 

I n  t h e  bas in  t h e  r idges  are predominantly wooded. Bethel 

Valley i s  mostly grassland and Melton Valley i s  p a r t l y  wooded, 

partly open. 

U s e  of Basin 

Prior t o  1942, t h e  va l leys  and lawer h i l l s i d e s  i n  Whiteoak 

Creek Basin were l a r g e l y  under c u l t i v a t i o n .  The r idges ,  then as 

now, were mostly wooded and unused. Since 1942, t he  basin has 

been t h e  s i t e  of t h e  Oak Ridge National Iaboratory.  The main 

labora tory  a r e a  i s  i n  Bethel  Valley, bu t  some f a c i l i t i e s  a r e  

located i n  Melton Valley. 

Since 1943, segments of t he  environment of Whiteoak Creek 

Basin have been used for t he  d i sposa l  of rad ioac t ive  wastes, which 

a r e  of four general  types: l i q u i d  wastes discharge d i r e c t l y  t o  

streams; l i q u i d  waste discharged t o  p i t s  and trenches; s o l i d  

or packaged wastes disposed of by b u r i a l ;  and gaseous wastes re- 

leased t o  t h e  atmosphere through s tacks .  

than 20 known sources of rad ioac t ive  contamination i n  the  basin . 
I n  a l l ,  t he re  are more 

(5  1 
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General Geology 

Four major rock units or formations occur in Whiteoak Creek 

Basin; f'rom oldest to youngest, they are the Rome formation, which 

underlies Haw Ridge, made up of shale, siltstone, and sandstone; 

the Conasauga Group, which underlies Melton Valley, made up of shale, 

siltstone, and limestone; the Knox Dolomite, which underlies Chestnut 

Ridge and Melton Hill; and the Chickamuga Limestone, which underlies 

Bethel Valley. 

These rocks originated early in the Paleozoic era as marine 

sediments. Towards the end of the Paleozoic, they were subjected to 

lateral compressive forces and uplifted. A s  a result of the de- 

fornational forces, the Rome was thrust-faulted over the Chickamauga. 

The strata dip to the southeast at angles ranging generally between 

20' and 40°, and strike northeast at about 35". 

from prevailing strike and dip are present, particularly in the 

Conasauga, Group. 

Local departures 

A mantle of residual material is nesrvj  everywhere present, 

in places more than 100 ft. thick. Generally, the  Chickamauga has 

the least thickness of residual material and the Knox has the 

greatest, Table 1 describes the geologic characteristics of the 

formations and the units mapped, and the residual materials developed 

f r o m  these rocks. The accompanying geologic map, figure 1, shows areas 

of outcrop of the formations and units mapped, and the attitude of 

the strata. 
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Hydrologic c h a r a c t e r i s t i c s  of t h e  formations 

Rome Formation 

The Rome has a very l imited capac i ty  for receiving,  s tor ing ,  

and t r ansmi t t i ng  w a t e r .  I n  t h e  unweathered bedrock, t he  occurence 

of  water i s  l a r g e l y  l imi ted  t o  small openings t h a t  occur a long 

j o i n t s  and bedding planes.  In addi t ion ,  the  s t e e p  t e r r a i n  underlain 

by t h e  Rome increases  sur face  runoff and reduces recharge.  

mantle of  residual c l a y  and the  near-surface weathered bedrock zone 

The t h i n  

having s l i g h t l y  enlarged openings probably account for t h e  g rea t e r  

part of water movement i n  t h e  Rome. Ground water discharge during 

t h e  dry months is  very low. 

Conasauga Shale  

Ground water i n  t h e  Conasauga occurs p r i n c i p a l l y  i n  t h e  

weathered zone where openings along j o i n t s  and bedding planes have 

been slightly enlarged by c i r c u l a t i n g  water. Because these  enlarged 

openings occur only t o  shallow depths the  t o t a l  capac i ty  for water 

s torage i s  small. During t h e  winter  months, spr ings are common i n  

t h e  small val leys  along t h e  northwestern s i d e  of Melton Valley, 

p r i n c i p a l l y  i n  u n i t  Gcb, bu t  during A p r i l  and May discharge i s  

g r e a t l y  decreased as recharge i s  reduced and the  water-bearing 

material i s  drained. During t h e  summer months very l i t t l e  water 

i s  discharged. Discharge of ground water from units Ccd andGce 

i s  small even during t h e  winter  months; during the  l a t e  summer 

months no discharge i s  known t o  occur f’rom these  u n i t s  i n t o  Whiteoak 

Creek Basin. 
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Water leve ls  range i n  depth below land surface from l e s s  

than one f o o t  i n  the  lower elevations t o  a measured maximum of 47 f t  

i n  the  higher elevations of the  line of l o w  h i l l s  on the northwestern 

s ide  of the  val ley.  

Knox Dolomite 

The Knox of Chestnut Ridge i s  the  pr inc ipa l  aquifer  in 

Whiteoak Creek Basin. The th i ck  mantle of  overburden appears t o  have 

a high i n f i l t r a t i o n  capacity, minimizing overland runoff of r a i n f a l l ,  

and also serving as a reservoi r  of ground water feeding underlying 

so lu t ion  openings, many of which probably a r e  of large s i ze .  

The springs occurring along t h e  base of Chestnut Ridge and 

i n  i t s  val leys  a r e  t h e  chief  source of the base flow discharge of 

Whiteoak Creek. The &ox of Copper Ridge, however, i s  not known t o  

disckarge ground water i n t o  Whiteoak Creek Basin. Discharge from 

t h i s  area probably takes place t o  the  southeast  along the Clinch River. 

Depths t o  the  water t ab le  i n  the  Knox of Chestnut Ridge range 

up t o  a known maximum of 125 f e e t  a t  the c r e s t  of the  r idge.  Water 

leve ls  are progressively f a r t h e r  below land surface with increasing 

elevation. In Copper Ridge, the  known maximum depth t o  the water 

table is  289 f t ,  near the c r e s t  of Melton Hill. 
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Chickamauga Limestone 

Large cavities do not occur i n  the Chickamauga, most openings 

being only a few inches in width (diameter). 

characteristics of the clay overburden are such that infiltration 

(by recharge) is restricted. 

water probably is stored in the many small openings present in bed- 

rock within about 100 ft of land surface, rates and quantities of 

water movement are for the most part relatively small. 

In addition, the 

Although a substantial quantity of 

Storm runoff from much of Bethel Valley is high, due in part 

to the large areas of pavement and roof, 'out also due to the low 

infiltratlon capacity of much of the soil and residual cover. 
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Description of So i l s  occurring i n  Whiteoak Creek 

drainage bas i n  

This sect ion describes the  s o i l s  t ha t  a r e  associated with the  

d i f f e r e n t  geologic un i t s  occurring i n  the  Whiteoak Creek drainage 

basin.  

approximate locat ion and s o i l  s e r i e s  which commonly occur within 

Included i s  a soi l -associat ion map (Fig. 2) l i s t i n g  the  

each land form or geological unit(7). Also, at tached is a table giving 

a b r i e f  descr ipt ion of physical  propert ies ,  identi-fying cha rac t e r i s t i c s  

and genetic re la t ionships  of the  s o i l s  found within t h i s  drainage basin 

(Table 2 ) .  

within each geologic b e l t  is l i s t e d  i n  Table 3. 

The percent land area occupied by individual  s o i l  s e r i e s  

By comparing the  s o i l  map with the accompanying geologic and 

topographic map, s o i l  series can be associated with land form and 

geology. I n  order t o  estimate and understand the  hydrologic character-  

i s t i c s  of a given area,  t h e  overlying s o i l  mantle and the underlying 

geology a r e  equally important. 

simultaneously. Also ,  many s o i l  charac te r i s t ics ,  including both 

chemical and physical properties,  may be d i r e c t l y  r e l a t ed  t o  the 

underlying geologic formation. 

The e f f ec t s  of each should be considered 

-_ 
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Soil classification of 

study area gives a systematic 

any soil study area or soil-geology 

means of cataloging and interpreting 

many soil properties. 

are common to one soil series, or in many instances a given set of 

physical or chemical properties may be common to a large group of 

soils. This permits variation of one set of characteristics while 

other properties, both chemical and physical, may be held within a 

similar range. Agencies such as Soil Conservation Service, Agriculture 

Research Service, State Universities, and experiment stations have 

already done much of the basic research on some of the more extensively 

occurring soils which are important to agricultural management. 

Therefore,the use of a classification system based upon soil genesis 

and morphology (such as used by the U. S. Department of Agriculture) 

permits extrapolation to other  areas, since these soils occur regionally. 

Many of the physical and chemical properties 

. 

S o i l s  occurring within the Whiteoak Creek drainage basin belong 

largely to the broad groups of red-yellow podsolic, reddish-brown 

lateritic and lithosols. These soils occur extensively in the south- 

eastern United States over most of the coastal plain, much of the 

Piedmont and southern end of the Appalachian Plateau and the Valley 

and Ridge province. In general, soils in this area are strongly 

leached, acid in reaction, low in organic matter, and have exchange 

capacities less than 10 milliequivalents per 100 grams of soil. 

The soils occurring within the drainage basin have a w i d e  range 

of both physical and chemical properties. 

varies from 6 inches in some of the shale and sandstone areas to 

depths of 15 feet or more in some of the dolomitic limestone areas 

Depth of the soil profile 
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and a l l u v i a l  deposits along drainageways. The pH ranges from near 

neu t r a l i t y  i n  the Bland and young a l l u v i a l  s o i l s  t o  s t rongly ac id  i n  

some of the  weathered upland shale  and sendstone s o i l s  such as L i t z  

and Lehew. Texture of the surface i s  dominately s i l t  loam or cherty 

s i l t  loam; but  i n  eroded areas ,  such as commonly found i n  the Bland 

s o i l s ,  the  surface m y  be a s i l t y  clay.  Texture of t he  subsoi l  ranges 

from cherty silt loam (Clarksvi l le  s o i l s )  t o  a firm, p l a s t i c  c lay  

(Talbott  and Colbert s o i l s ) .  Entrance of surface water i n t o  the  s o i l  

profile varies from rapid (up t o  LO inches per hour) i n  Clarksvi l le  

s o i l s  t o  slow (less than .2 inch per hour) i n  eroded Colbert and Bland 

s o i l s .  In t e rna l  s o i l  drainage ranges from poorly drained i n  Melvin 

series t o  excessively drained i n  the Clarksville and Muskingum s e r i e s ,  

Other s o i l s  such as Pace and Leadvale have f r ag ipm Sayers (occurring a t  

impede the  downward percolation of s a i l  

t he  Knox Dolomite contain kao l in i t e  as 

those from the Conasauga Shale contain 

24 t o  30 inches depths) which 

water (7) . 
The s o i l s  derived from 

t h e i r  p r inc ipa l  c lay  mineral, 

i l l i t e  and vermiculite as pr inc ipa l  c lay minerals and the  soils derived 

from the  Chichmauga Limestone contain a mixture of kao l in i t i c  and 

i l l i t i c  minerals wit0 some units probably having a s ign i f i can t  amount 

of montmorillonitic c l ay  minerals. The c lay  minerals a r e  under- 

saturated with 'oases, leaving H+ i n  t he  exchange posit ions of the c l ay  (3)  . 
Per cent base sa tura t ion  var ies  from less than 10 t o  more than 60 percent.  

Both i l l i t i c  and vermicul i t ic  c l ay  minerals are more e f f i c i e n t  

i n  f ixa t ion  of potassium and other comparable ions i n t o  l e s s  avai lable  

posi t ions than a r e  the  kao l in i t i c  minerals. However, t he  i n i t i a l  r a t e  



and d i r e c t i o n  of movement of many ions ( inc luding  radionucl ides)  are 

l a r g e l y  con t ro l l ed  by the  phys ica l  p rope r t i e s  of t h a t  s o i l  system, 

e spec ia l ly  i f  the  contaminant i s  i n  t h e  form of a sur face  appl ica t ion .  

The chemistry and mineralogy will serve as a modifier t o  the  e f f e c t  of 

t he  phys ica l  p rope r t i e s  through t h e i r  chemical capac i ty  i n  s e l e c t i v e P j  

removing c e r t a i n  ions or radionucl ides  from the  s o i l  so lu t ion .  

Since s o i l  w a t e r  (soil so lu t ion )  is  one of t h e  primary instruments 

i n  the  t r ans loca t ions  of ions e i t h e r  i n  so lu t ion  o r  by physical  move- 

ment, f a c t o r s  a f f e c t i n g  water rnovement and s torage  w i l l  a l s o  a f f e c t  

chemical movement. 

the rates and d i r e c t i o n  of t h e  i n i t i a l  movement of sur face  water a r e  

con t ro l l ed  by t h e  phys ica l  p rope r t i e s  of the s o i l  system. The sur face  

movement, both laterally across  the sur face  and i n f i l t r a t i o n  i n t o  t h e  

sur face  w i l l  be con t ro l l ed  by topographical f ea tu re s  of t h e  surface 

soil and permeabi l i ty  of the sur face  l aye r s .  

a p r o f i l e  of a s o i l  system will be g r e a t l y  cont ro l led  by the r e l a t i v e  

pore space and r e l a t i v e  c l a y  content  of t h e  p a r t i c u l a r  s o i l  horizon 

i n  question. 

If r a i n f a l l  and vegetat ion a r e  held constant ,  

V e r t i c a l  movement within 

With t h e  many d i f f e r e n t  topographic f ea tu res  and con t r a s t ing  

s o i l  c h a r a c t e r i s t i c s  (both chemical and phys ica l )  present  within t h e  

drainage basin,  one should be ab le  t o  def ine  t h e  e f f e c t  of t h e  s o i l  

system upon ultimate movement and recyc l ing  of elements over a r e l a t i v e l y  

wide range of condi t ions.  



Summarx 

The manner in which radionuclides move through a natural, en- 

vironment is determined by the movement of water which bears the 

radionuclides, and the physical and chemical characteristics of the 

materials over and through which the water passes, as well as the 

chemical characteristics of the nuclide. Geology and soils are basic 

determinants of the hydrology of an environment and the s o i l s  are 

chemically active in selectively removing certain radionuclides from 

solution . 
Whiteoak Creek Basin is underlain by four major geologic formations 

which dip southeast and strike northeast. 

Formation and Conasauga Group, are made up of shale, siltstone, sand- 

stone and limestone and are poor water-bearing formations. 

The two oldest, the Rome 

The two younger formations, the Knox Dolomite and the Chicka- 

mauga Limestone, are the principal water-bearing formations of the 

basin and discharge from the Knox is the main source of base flow in 

Whiteoak Creek. 

The residuum in the basin is thinnest in the Chickamauga out- 

crop area, where it commonly i s  between 1 and 10 ft thick, and 

thickest in the Knox outcrop area where it is commonly between 30 

and 125 ft thick. 

reservoir, feeding underlying solution cavities in t h e  bedrock. The 

residuum of the Conasauga bears practically all the ground water in 

Melton Valley. 

The residuum of the Knox is a major ground water 

The s o i l s  of the basin belong to the red-yellaw podsolic, the 

reddish-brown laterite and lithosol groups. They are strongly leached, 
. -. 
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low in organic matter, acidic, and generally have exchange cawcities 

of less than 10 milliequivalents per 100 gm of s o i l .  S o i l  profiles 

range in depth from 6 inches in some shale areas to about 15 ft in 

the dolomite and alluvial areas. Textureare from silty loam 

to plastic clay and infiltration capacities range from 10 in/hr 

to less than 0.2 in/hr. 

kaolinite, and montmorillonite; base saturation ranges from 10 

percent to more than 60 percent. 

Clay minerals present include illite, 
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Table 1. Geologic Charac te r i s t ics  and nature of Residual Materials of Units Mapped, Whiteoak Creek Basin. 

FORMATION NAME 
AND THICKNESS UNIT GEOLOGIC CtlARACTE8ISTICS RESIDUAL MATERIAL 

Rome Formation S i l t s tone ,  shale,  and sandstone. Variegated color,  S i l t y ,  sandy, coarse-textured mater ia l  

-800 f t  including brown, tan,  red-brown, maroon, and green. containing sinall amounts of l ight-colored 

Mica common, mostly on bedding sur faces .  Thinly primarily micaceous c lay ;  contains 

bedded; sandstone beds generally l e s s  than one f t  

t h i ck .  S i l t s t o n e  and sha le  dominant i n  lower half .  remnants up t o  boulder s i z e .  Probably 

Upper ha l f  contains interbedded sandstone. 

f a u l t s  and fo lds  common. Lower beds generally d i p  weathered bedrock. 

very steeply; 

Rome is thrus t - fau l ted  over Chickamauga. Underlies 

Haw Ridge. 

(Gr 1 

fragments of s i l t s t o n e  and sandstone 

Smll everywhere l e s s  than 20 f t  t o  un- 

d i p  decreases towards upper beds. 

Conasauga Group Cca Shale and s i l t s t o n e ,  mostly brown, red-brown, maroon, 

and green-brown. 

surfaces.  Deformation by fo ld ing  and f au l t i ng  appears 

t o  be much less than t h a t  of overlying u n i t .  Contains 

l i t t l e  limestone or calcareous sha le .  Underlies 

narrow va l l ey  a t  southeastern base of HEW Ridge. 

Pine mica abundant on bedding 
(ec 1 

1,500-2,000 f t  ( 7 )  

S i l t y  brown, tan,  greenish and maroon 

primarily micaceous c l ay  r e t a in ing  

bedding of parent rock i n  most places;  

elsewhere, contains many t h i n  f lakes  of 

sha le .  Depth .to bedrock l e s s  than 20 f t  



- 
FOKMATION NAME - AND THICKNESS UNIT GEOLOCIC CHARIICTERISTICS RESIDUAL MkTERUL 

Conasauga Group 4cb Variable l i thology, ranging from shale and s i l t s t o n e  

(continued) 

Unit weatherb t o  bedded shale appear- 

t o  limestone. Limestone is charac te r i s t ica l ly  pebble ance, leaving l i t t l e  or no indication 

conglomerate or edgewise conglomerate having i r regular  of or ig ina l  calcareous nature. Lime- 

bedding surfaces coated with th in  fi lm of dark gray 

clay and marked by abundant ropy “worm trails”. 

Limestone occu-s i n  zones of shale and s i l t s tone .  clay.  Residuum is generally l i g h t  tan 

S i l t s tone  i n  t h i s  un i t  i s  commonly calcareous and t o  yellow-brown but l oca l  variations in- 

white or l i g h t  gray when fresh.  Shale is  th in ly  bedded, 

colored brown, olive, and tan, and locally,  maroon. In  manganese oxide s t a ins  c o m n  on jo in t  

many places un i t  i s  deformed by very smll, sharp folds surfaces.  Residuum is loca l ly  more 

and f au l t s  of small displacement. Underlies l i n e  of 

l o w  knobs on northwestern side of Melton Valley. 

stone weathers t o  porous brown s i l t -  

stone or t o  l i g h t  orange-yellow i l l i t i c  

clude maroon and green bands. Black 

than 20 f e e t  thick on c res t s  of knobs, 

but is l e s s  than 20 f t  th ick  on flanks 

of knobs I 



FORMATION NfWE 
AND THICKNESS UNIT 

Conasauga Group Ccc Exposures of t h i s  u n i t  a r e  very l imited; appears t o  Appears t o  be more thoroughly weathered 

(continued) be s i m i l a r  to  u n i t  Ccb but contains l e s s  limestone. than un i tCcb .  Residuum cons i s t s  of 

GEOLOGIC CHARACTERISTICS RESIWAL MATrnIAL 

Minor fo ld ing  common. Underlies cen t r a l ,  lowest part yellow-tan c lay  containing abundant 

of Melton Valley. f lakes  and chips of sha le .  Thickness 

not known. 

Gcd Alternating zones of limestone and shale,  limestone Yellow-tan t o  brown c l a y  containing 

increasing i n  proportion towards upper p r t  of  unit .  

Limestone is very s i m i l a r  t o  t h a t  of u n i t C c b  but i s  

commonly s i l iceous ,  more th i ck ly  bedded, and more 

r e s i s t a n t  t o  weathering; a l so ,  pebble conglomerates Ground sur face  commonly strewn with 

a r e  l e s s  common than edgewise conglomerates. Oo l i t i c  boulders and blocks of limestone. 

limestone present In upper part of un i t .  Residuum I s  very t h i n  and pro jec t ing  

very th in ly  bedded, brown, tan,  and gray. Underlies ledges of limestone a r e  very common. 

b e l t  along base of Copper Ridge, where basal layers  

form low, rounded knobs. 

abundant shale chips and l o c a l l y  

containing dense caramel-brown t o  

jasper  che r t  up t o  boulder s i z e .  

Shale is 
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FORMATION NAME 
m THICKNESS UNIT GEOLOGIC C€I&UCT~IS'PICS RESIDUAL MATERIAL 

Conttsauga Group Cce Fa i r ly  pure limestone and dolomitic limestone, l i g h t  

(6c 1 
(con ttnued) 

I n  most places overbwden i s  very 

t o  medium gray, f ine ly  t o  coarsely c rys ta l l ine ,  in thin,  but where present is a l i g h t  

beds from l e s s  than I ft t o  5 f t  thick.  Thin beds orange-red granular c lay  containing 

of interbedded shale i n  lower p r t .  

l i t t l e  cher t .  

Copper Ridge. 

Contains very l i t t l e  or no chert .  

Crops out along northwestern face o f  

Knox Dolomite Mostly s i l iceous  dolomite, medium t o  light gray, 

dense t o  coarsely crya ta l l ine ,  i n  beds up t o  four 

ft thick.  Upper 400 f t  i s  largely l ight-gray t o  

meaim-gray dense t o  f ine ly  c rys t a l l i ne  dolomite 

and dolomitic limestone containing Jasper che r t .  

Underlies Chestnut Ridge and the upper part of 

Copper Ridge. 

Generally light yellow-tan t o  red t o  

red-brown la rge ly  kaol in i t ic  c lay  

containing abundant chert  fragnents 

and blocks ranging up t o  b a l d e r  size. 

Thickness of overburden is  i n  most 

places greater than 30 f t ;  known 

mxlmum thickness on Chestnut Ridge is 

125 f t  and on Copper Ridge, 65 f t .  



FORMATION NAME 
AND THICKNESS UNIT GEOLOGIC CWCTEHISTICS FUSIDUAL MATERIAIS 

Chickarnauga Ocha 

Limestone 

1,800 f t  

Ochb 

Ochc 

Ochd 

Mixture of calcareous s i l t s t o n e ,  limestone, and bedded 

che r t ;  s i l t s t o n e  i s  o l ive ,  gray, and maroon; limestone 

is  dark t o  l ight-gray; 

th ick .  

Laminated calcareous shaly s i l t s t o n e ,  mostly maroon 

but  l o c a l l y  contains blotches of green and yellow. 

200 f t  th ick .  

IiLmestone, l i g h t  t o  medium gray, f i n e l y  t o  coarse ly  

c rys t a l l i ne ,  p a r t l y  shaly.  Contains some t h i n  beds of 

l i g h t  maroon calcareous s i l t s t o n e .  Nodular gray c h e r t  

present in more pure limestone. 

Shaly, cher ty  limestone, gray t o  ollve,  t h i n l y  bedded. 

Contains abundant che r t  i n  lower beds, r e su l t i ng  i n  

res i s tance  t o  erosion. Underlies chain of l o w  h i l l s  on 

northwestern s ide  of Bethel Valley. About 220 f t  thick.  

che r t  is  dark gray. About 250 f t  

About 

About E O  f t  th ick .  

Residuum on Chickanlauga typ ica l ly  

heavy yellow or yellow-brown 

montmorillonite-like c lay  generally 

containing small chips of white or 

yellow che r t ,  fragments of porous 

brown s i l t s t o n e ,  and small blocks 

of limestone. Unit  Ocha, however, 

has t h i ck  overburden of extremely 

cher ty  red clay,  the  che r t  occurring 

as loose rectangular blocks or i n  beds 

in te r - layered  with r e s idua l  c lay .  Also ,  

u n i t  Oclib has only a very th in  veneer 

of overburden i n  most places and i n  

r e l a t i v e l y  l a rge  a reas  none is present.  

A s e r i e s  of 50 core  holes d r i l l e d  i n t o  

u n i t s  Oche, Ochf, Ochg, and Ochh by 

Stockdale showed depths t o  bedrock ranging 

from 1 f t  t o  25 f t .  This range of thickness 

h, 
0 
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FOPMATION NAME 
ANI) THICKNESS UNIT GEOMorC CXARAC~ISTICS RESIDUAL M!I%RIAL - 
Cliickamuga Oche 

Limes tone 

(continued ) 
( k h )  

Ochf 

Shaly limestone and calcareous shale, gray to gray tan, is  probably typ ica l  of all uni t s  except 

containing some maroon-gray limestone i n  lower prt 

of wit. 

Upper p r t  of un i t  weathers t o  produce small rounded 

masses of yellow, si l t-encrusted limestone mixed with 

clay residuum. 

Calcareous shaly s i l t s tone ,  niostly maroon. Very similar 

un i t s  Ocha and Ochb. 

Shale partings along bedding planes common. 

About  380 f t  thick. 

t o  W i t  Ochb. 25-30 ft thick. 

Mixture of various types of limestone, mostly medium t o  

l i g h t  gray and brown gray; generally shaly and Lhin 

bedded. About 300 f t  thick. 

Maroon calcareous s i l t s tone  a t  base, overlain by gray 

or maroon-gray shaly limestone, about 300 f t  thick.  
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CIHRAC~ISTICS AND GEXETIC MIATIONSHIPS OF SOIIS FOUND M WHITE: OAK CREEK DRAINAGE BASIN 

Great Soil Group and Soil Physiographic S o i l  Drainage Slope Range Parent Material and 
Series and Map S j b o l  Brief Profile Description Position Classes (1) (per cent) Geologic Formation 

ZONAL 

Red-Yellow Podzolic soils 
Dark yellowish-brown silt loam surface Upland Moderately 2 to 7 Argillaceous limes tone 
over a very firm yellowish-brown clay. well dralned Chickamuga Limestone 
Weathered argillaceous limestone bed- 
rock is at 18 t o  30 inches. 
crops are common. 
moved from nonforested areas by sheet 
erosion. 

Colbert. Cbl 

Rock out- 
Top soil usually re- 

Fullerton FUl Grayish-brown cherty silt loam over 
yellowish-red cherty silty clay or 
cherty clay underlain at 36 inches by 
red cherty silty clay variegated with 
yellowish-brown and strong brown. Depth 
to bedrock usually ranges from 8 to 25 
feet. 

Hartsells Har Yellowish-brown loam surface over 
yellowish-brown loam subsoil. Depth 
to weathered bedrock is generally 24 
to 30 inches. Occurs intermittently 
on the broader ridge crests on Haw 
Ridge. 

Upland 

Upland 

Well drained 4 to 50 Cherty dolomite or 
to excessively limes tone 
drained Knox Dolomite, Chicka- 

mauga Unit Ocha and 
Oc hc 

Well drained 5 to 12 sands tone 
Rome Formation 



Great So i l  Group and S o i l  Physiographic Soil Drainage Slope Range Parent Material and 
Series and Map Symbol Brief Prof i le  Description Pos it1 on Classes (1) (per cent) Geologic Formation 

Jefferson Je  f Yellowish-brow loam surface over 
yellowlsb-brown o r  brownish-yellow 
moderately f r i ab le  clay loam sub- 
s o i l  which becomes s l igh t ly  mottled 
with yellow and gray a t  36 inches. 
Depth of the  co l luv ia l  deposit ranges 
from 2 112 t o  8 f e e t  and is underlain 
by shale or sandstone residuum. 

Minvale 

Muse 

Sequoia 

Min 

MUS 

Brown t o  dark yellowish-brown silt  
loam surface over yellowish-red s i l t y  
clay subsoil. Depth of co l luv ia l  de- 
pos i t  varies from 3 t o  3 f ee t ,  generally 
underlain by dolomitic l h ~ e s t ~ m e  residuum. 
Develope6 in col luvia l  material  generally 
transported from Fullerton Upland so i l s .  

Yellowish-brown s i l t  l o a m  surface over 
strong brown s i l t y  clay loam or s i l t y  
c lay  subsoil .  Depth t o  co l luv ia l  de- 
pos i t  varies from 2 1/2 t o  6 f e e t  and 
i s  underlain by acid shale residuum. 

Brown s i l t  loam or s i l t y  c lay  loam surface 
over yellowish-red s i l t y  c lay  subsoil  
which grades i n t o  yellowish-red shaly 
s i l t y  c lay  a t  20 t o  22 inches. Weathered 
shale bedrock generally occws a t  28 t o  
30 inches. Usually ~ c c u r s  on the  broader, 
smoother h i l l  tops. 

Foot slopes Well drained 4 t o  30 Colluvlwn from sand- 
and colluv- stone 
i a l  benches Rome Formation 

Foot slopes Well drained 4 t o  20 Colluvium f r G m  cherty 
and colluv- dolomite and limestone 
ial benches Chickamauga Unit &ha 

Foot slopes Well drained 3 t o  20 Colluvium Prom acid 
shale 

Upland Well drained 3 t o  12 Yellowish-red acid 
calcareous shale 
Ccnasauga Unit (Ccb, 
Chickamauga Unit Ochh) 



Great S o i l  Group and S o i l  Physiographic So i l  Drainage Slope Range Parent Material  and 
Ser ies  and Map Symbol Brief P ro f i l e  Description Pos i t ion  Classes (1)  (per cent )  Geologic Formation 

Talbott  Ta l  Brown s i l t y  c l ay  loam over yellowish- Upland Well drained 3 t o  20 Argillaceous limestone 
red very f i r m  c lay  subsoi l  which grades 
i n t o  a yellowish-red c lay ,  mottled with 
yellow and brown a t  25 inches. 
t o  weathered bedrock ranges from 3 t o  5 
f e e t .  Occurs on r e l a t i v e l y  cher t - f ree  
u n i t s  i n  a reas  where rock outcrops a r e  
less common. 

Chlckamauga Limestone 

Depth 

Grading toward Planosols 

Leadvale Lea 

Pace PaC 

Grayish-brown s i l t  loam sur face  over 
yellowish-brown s i l t y  c l a y  loam sub- 
s o i l .  Fragipan a t  24 inches.  Col luvia l  
deposit  i s  generally 1 1/2 t o  5 f e e t  
t h i ck  and is  underl8in by sha le  residuum. 
Developed i n  s o i l  depos i t s  transported 
from Li tz  and Sequoia s o i l s ,  

Light yellowish-brown s i l t  loam over 
yellowish-brown s i l t y  c l ay  loam subsoi l .  
Fragipan l aye r  a t  28 inches. Depth of t h e  
c o l l u v i a l  depos i t  va r i e s  from 3 t o  10 f e e t  
and i s  underlain by cher ty  dolomitic lime- 
stone residuum. 
transported from cher ty  Ful le r ton  and 
C la rksv i l l e  s o i l s .  

Developed i n  s o i l  depos i t s  

Foot slopes Moderately 3 t o  12 Colluvium and l o c a l  
and colluv- wel l  drained alluvium from ac id  
i a l  benches calcareous shale 

Coriasauga, Chic kamauga 
Unit ochh 

Foot slopes Moderately 2 t o  12  Colluvium from cher ty  
and colluv- well  drained dolomite, and limestone 
la1 benches 



Great So i l  Group and Soil Physiographic So i l  Drainage Slope Range Parent Material and 
Series and Map Symbol Brief Prof i le  Descrlption Posit ion Classes (1) (per cent) Geologic Formation 

Grading towara Regasols 

Clarksville Cla Pale-brown very cherty s i l t  loam surface Upland Excessively 5 to 50 Cherty dolomite or 
underlain a t  12 inchefi by strong-brown drained limes tone 
very cherty s i l t y  clay lcam. Variegated Knox Dolomite, Chicka- 
yellow, brown, red, and gray very cherty m u m  Unit Ocha and 
s i l t  loam substratum oecurs a t  30 inches. 
Depth t o  weatbered cherty dolomitic lime- 
stone bedrock ranges from 5 t o  20 feet ,  
but chert  beds a r e  cannon below a depth of 
26 inches. Occurs on the more cherty h i l l  
c r e s t s  along Copper Ridge and Chestnut 
Ridge. 

Ochc 

Grading toward Reddish-Brown I a t e r i t i c  Soils 

Dewey 

Hermitage 

Dew Brown 5 i l t  loam surface over red s i l t y  Upland 
clay or c lay  subsoil. 
l a t i ve ly  cher t  f ree .  Weathered bedrock 
is e t  15 t o  40 f e e t .  
along the broader, smoother, more chert-  
f'ree ridge c re s t s .  

P ro f i l e  is re- 

Occurs in te rmi t ten t ly  

Well drained 3 to 30 

Her DBrk-brom silt loam surface over yellowish- Foot Slope6 Well drained 3 t o  12 
red f r i ab le  s i l t y  clay locun  subsoil .  Depth and colluv- 
t o  co l luv ia l  deposit is generally from 2 1/2 i a l  benches 
t o  4 f ee t .  
dolomitic limestone residuum. Developed i n  
s o i l  deposits that nave been transported 
primarily f r o m  Dewey and Bolton s o i l s .  

It is usually underlain by 

Dolomite 
&ox Dolomite 

Colluvium and loca l  
alluvium from limefitone 



Great Soi l  Group and S o i l  Physiographic S o i l  Drainage Slope Range Parent Materlal  and 
Ser ies  and Map Symbol Brief P ro f i l e  Description Pos i t ion  Classes (1) (per c e n t )  Geologic Formation 

Reddish-Brown I a t e r i t i c  So i l s  

Bolton Bo1 Dark-brown s i l t  loam over a red or dark Upland Well drained 7 t o  30 Sandy dolomite 
red f r i a b l e  s i l t y  c l ay  loam. P ro f i l e  i s  
generally che r t  f r ee .  
is  30 t o  50 f e e t  or more. S o i l  is on e a s t  
or northeast  fac ing  slopes.  Occurs on long, 
smooth, cher t - f ree  slopes throughout Copper 
Ridge. 

Depth t o  bedrock 

Humic Gley So i l s  

Burgin (Ortho) Bur Dark grayish-brown s i l t y  c l ay  l o a m  sur face  Depressions Poorly drained 3 
which grades t o  a s i l t y  c lay  a t  6 inches. 
A very dark grayish-brown firm c lay  subsoil 
i s  a t  12 inches, which becomes mottled with 
depth. Extensive sur face  cracking occms 
during dry smner  months. Thickness of 
alluvium over limestone rock ranges from 
2 t o  5 f e e t .  Most extensive a rea  is 
located along the  northern base of Copper 
Ridge. 

and narrow 
bottoms 

Local alluvium, 
a rg i l laceous  
limes tone 
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Ureat S o i l  Grulp and S o i l  Physiographic S o i l  Dralnage Slope Range Parent Material and 
Series  and Mcrp Symbol Brief Prof i le  Description Position Classes (1) (per cent )  Geologic Formation 

kw-Humic Gley 

Melvin 

AZONAL 

Lithosols 

Arrnuchee 

Me 1 Dark grayish-brown si l t  lcam surface Bottom Poorly drained 0 t o  2 General alluvium f r o m  
mixture of sandstone, over gleyed subsurface layers t h a t  

become finer textured with depth. The shale  and Umestone 
grayish-brown subsurface layers  are 
mottled with yellow and brown. 
tab le  generally i s  within 2 f e e t  of 
the surface. 
generally greater  than 5 feet. Occurs 
primarily In  White Oak Creek flood 
plain.  Sometimes cal led Prader in 
areas where alluvium originates  primarily 
from sandstone and shale  so i l s .  

Water 

Depth t o  bedrock i s  

A m  Dark grayish-brown s i l t y  clay loam surface, Upland 
underlain a t  10 inches by grayish-brown 
shaly s i l t y  clay. Interbedded weathered 
shale and limestone rock are a t  16 inches. 
Limestone outcrops a r e  common t o  must 
areas .  
h i l l s  of Copper Ridge. 

Occurs along the northern foot  

Well drained 5 t o  30 Shale with interbedded 

limestone lenses tu 
Conasauga shale  u n i t  Ccd -4 



Great S o i l  Group and S o i l  Physiographic Soil Drainage Slope Range Parent Material  and 
Ser ies  and Map Symbol B r i e f  FYofile Description Pos i t i o n  c lasses  (1) (per cen t )  Geologic Fornation 

Bland (Ortho) B l a  

khew 

LZtz 

Montevallo 

Mus kingum 

Leh 

L i t  

Mon 

MUS 

Reddish-brown s i l t  loam surface,  under- 
lain by weak-red s i l t y  c l a y  a t  8 inches. 
Weathered bedrock is  a t  14 t o  16 inches. 
Class 1 rockiness is common over m o s t  
a reas .  Very erodable; sur face  s o i l  has 
been removed over much of the  a rea  by 
shee t  erosion. 

Weak-red l o a m  sur face  underlain a t  8 inches 
by weak-red sha ly  loan substratum. 
ed bedrock is  a t  16 inches. The weak-red 
co lor  is not uniform, the re  a r e  many brown- 
ish-yellow bands interwoven. 

Yellowish-brown s i l t  loam sur face  over 
yellowish-red sha ly  s i l t  loam or sha ly  
s i l t  c lay  loam subsoi l .  
rock i s  a t  depths of 16 t o  18 inches. 
Gully-erosion comon i n  a reas  t h a t  had 
been cu l t i va t ed  p r i o r  t o  AEC purchase. 

Dirk grayish-brown s i l t  loam sur face  under- 
l a i n  a t  6 inches by brown s i l t  loam s o i l  
inaterial  mixed with grayish colored shale 
fragments. 

Yellowish-brown or brown f i n e  sandy loam 
sur face  underlain a t  9 inches by browriish- 
yellow stony f i n e  sandy loam subsoi l .  
to  weathered sandstone bedrock i s  generally 
l e s s  than 18 inches.  
rockiness a r e  common. 

Weather- 

Weathered bed- 

S o i l  depth i s  10  t o  12 inches. 

Depth 

Class 2 and C l a s s  3 

Upland Well drained 5 t o  60 Calcareous si  Its tone 
(muddy limestone) 
Chickamuga Unit Ochb 

Upland 

Upiand 

Upland 

Upland 

Excessively 
drained 

5 t o  60 Interbedded sandy 
shale,  and s i l t s t o n e  

Well drained 5 t o  30 Acid shale 
t o  excessively 
drained Ccb, Cce 

Conasauga Shale Units 

Chickamauga u n i t  Cchh 

Well drained 5 t o  30 F i s s l e  sha le  
Conasauga Unit Cca 

Excessively 8 t o  75 Sandstone 
drained Rome Formation 

N 
00 
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Great S o i l  Group and S o i l  PhysiograWc Soil Drainage Slope Range Parent biaterial  arid 
Ser ies  arid Map Symbol Brief Profile Description Posi t ion 

Grading toward Red-Yellow Podzolic So l l s  

Classes (1) (per cent )  Geologic Fonration 

Upland Well drained 5 t o  30 Argillaceous limestone Colbert arid 
Talbott very Tc-Rk The s o i l  mater ia l  between rock exposures Chichmuga limestone 
rocky sol lv  

These soils ace rocky and f ine  textured. 

generally has a brown or dark-brown s i l t y  
c lay loam surface underlain by yellowish- 
red very firm clay1. Class 2 and Clasb  3 
rockiness. 

Alluvial  Soi l s  

Dark reddish-brown loam surface underlain Narrow bottom Well drained 2 t o  5 Local alluvium chief ly  
from limestolie a t  1 4  inches by a weakly developed reddish- 

brown s i l t y  c lay l o a m  subsoil. A l luv ia l  and depressions Knox Dolomite, 
deposit i s  3 t o  10 ft thick. Chickamuga Lim stone 

Ehory b0 

toe  slopes 

Greendale Gre Browti si l t  loam surface over yellowish- 
brown silt loam subsoi l  t h a t  becomes 
somewhat f i n e r  textured with depth, 
gradirig t o  a s i l t y  c l ay  loam. 
mottling t o  a depth of 30 inches or more. 

b e e  of 

Linds ide Lin Brown s i l t  loam that becomes s l i g h t l y  
mottled a t  15 inches snd becoming pro- 
gressively more mottled with depth. A 
mottled dark grayish-brown layer  occurs 
a t  24 inches. Depth to bedrock var ies  
from 3 to 20 f e e t .  Sometimes cal led 
Hamblen i n  areas  where the  alluvium 
originates  primarily from sandstone and 
shale  areas .  

TOe Slopes Well draiiied 2 t o  5 Local alluvium from 
a l l u v i a l  fans  
and narrow stone 
drainageways Knox Dolomite 

cher ty  dolomitic l i m e -  

tu 
u) Bottoms and Iniperfectly 0 t o  3 General alluvium and 

local al luv-  t o  moderately loca l  alluvium from 
ial  areas well drained mixture of sandstone, 

shale, and limestone 

~ ~ 

'AI, defined i n  "Soil Survey Manual" ('I, 



Table 3 

ESTIMATES, PERCENT DISTRIBUTION OF SOIIS OCCURRING WITHIN 'EACH GEOLCGIC BELT 

Geologic Belt Percent of Geologic Belt or Unit Occupied 
and uni t  Soil Series Physiographic Position S o i l  Series 

Knox Dolomite 
1 

Upland Soi ls  
Fullerton 
Clarksville 
Bolton 
Dewey 

2 
Colluvial Soils 

Minvale 
Hermitage 
Pace 

3 Local Alluvial 
Emory 
Greendale 

82 
70 

5 
5 
2 

10 

bpland s o i l s  a re  those weathered In place from underlying geology. 

2Colluvial so i l s  a r e  those so i l s  developed along foot slopes i n  material transported from adjacent 
uplands primarily by gravitational forces. 

8 

3Local a l l uv ia l  so i l s  a re  found along narrow drainageways and depressions; they have formed in  s o i l  
material transported primarily by water and are  subject t o  flooding during rainy seasons. 
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Geologic Bel t  Per Cent of Geoloeic Bel t  or Unit Occupied 

and Unit S o i l  Ser ies  Physiographic Posit ion S o i l  Ser ies  

Unit Gcc Upland Soils 
L i t 2  
Sequoia 

70 
1 5  

Unit; Gcd Upland S o i l s  
Armuchee 
Roc kland 
L i t 2  

90 
55 
20 
15 

Colluvial  Soils 10 
Ld 
w 

White Oak Creek Alluvium c 

Lindside’ 
Melvin5 
Burgin - - 

6 
Clinch River Terraces 

Molichucky - 
Waynesboro 

- - - 

5These so i l s ,  if developed on materials transported p r i m r i l y  from sandstone and shale  areas ,  a r e  

6 

sometimes cal led Hamblen and Prader respect ively.  

Clinch River Terrace deposits a r e  found near the  junction of White Oak Creek and White Wing Road;, 
the area occupied by these t e r race  deposits c o n t r i b u k l i t t l e  t o  the White Oak Creek drainage basin.  
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Figure 2. Soil Association Map of Whiteoak Creek Drainage Basin. Comrnon occurring soils 
within each geologic belt, geologic unit, or topographic unit are listed according to relative 
abundance (most abundant appear to the l e f t )  and toposequence (upland soils in the numera-tor 
and colluvial-bench soils or  bottom land soils in denominator). 
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