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ABSTRACT 

A study was undertaken on a strip mine in Campbe11 County, 

Tennessee to determine what site characteristics permit vegetation 

estab1ishment and growth on some spoi1s whi1e preventing it on 

adjacent ones. Fifty p10ts were estab1ished and spoi1 samp1es, 300 

each on vegetated and non vegetated spoi1s, were taken at depths of 

0-5 cm, 10-15 cm, and 25-30 cm to be analyzed for pH, Ca, Mg, K, �, 

Fe, Al, Mn, Zn, compaction, moisture content, surfa�e temperature, 

and co10r. It was fQund that K, P, Mn, and Zn were in the deficiency 

range of most plants. The solubility of a1uminum and iron increases 

\'Iith 10'11 pH, thus increasing the probabi1ity of their interactions 

with and decreased availability of other p1ant nutrients. Applications 

of dolomitic 1imestone to some plots increased pH and may have decreased 

the availability of some nutrients such as iron. 

iv 



TABLE OF CONTENTS 

SECTION 

I. INTRODUCTION 

I I .  THE STUDY AREA • •  

III. MATER IALS AND  METHODS . •  

Sampling Methodology . 
Analytical Met hods . .  
Chemical  Analyses . . •  

Phys i cal  Anal yses . . . 
Statistical Analyses 

IV. RESULTS AND DISCUSSION 
Spoil Ac i dity. 
Magnesium. 
C alcium . .  
Potassium . 
Phosphorus 
Iron . . .  
Al uminum • . .  

M anganes e .  
Zinc . . . . . . . . . . 
Penet ration and Moisture . 
Color • • . .  

Temperature. . . . . . 
I nt e-ractions . • . . •  

V .  S UMMARY A N D  CONCLUSIONS . .  

LITERATURE CITED . 

APPEND IX . 

VITA • •  

v 

. . .  

PAGE 

5 

17 
17 
17 
19 
19 
20 

21 
21 
21 
28 
28 
29 
29 
34 
35 
35 
3S 
39 
44 
44 

52 

54 

60 

70 



LIST OF TABLES 

TABLE PAGE 

1. Esti mated Percentage of Vegetati on of Sel ected Stri p �Ii ne 
S i tes, Campbel l County, Tennessee . • . • • . . . . 10 

2 .  Preci p i ta t i on (mm) at  LaFol lette Stati on (El . 1 250), 
Campbel l County, Tennes see . . • . . . . • • • • . . . • • •  15 

3 .  Temperature (OC ) at Norri s Stat ion (El . 1150 ) ,  Anders on 
County, Tennessee . . . . . . . • . . . . . • . . . . 16 

4 .  Hydrogen-Ion Activi ty i n  Spoi l from Vegetated (V) and 
Nonvegetated (N ) Stri p t� ine S i tes, Campbel l County, 
Tennessee . . . . . . . . . . , . . I • •  41 • • •

.
• • 22 

5 . .  Hydrogen-Ion Acti vi ty in Spoi l from Sel ected Stri p M ine 
Sites, Campbell County, Tennessee . . . . . . . . • . . 23 

6 .  Magnesi um, Calc i um, and Potass i um i n  Spoil  from Vegetated 
(V ) and Nonvegetated (N) Stri p r�ine S i tes, Campbel l 
County, Tennessee . • . • . . . . • . . . . . . . . . . 24 

7 .  Magnes i um, Cal c ium, and Potass i um i n  Spoi l from Selected 
Stri p M ine S i tes, Campbel l Co unty, Tennessee. . . . . . 25 

8 .  Phos phorus, Iron, and Al uminum in S po i l  from Vegetated (V ) 
and Nonvegetated (N)  Stri p r�i ne S i tes, Campbe l l County, 

9. 

Tennessee . . . . . . • . . . . . . • . . . . . . • 30 

Phosphorus,  Iron, and Alumi num in  Spoi l from Sel ected 
Stri p Mine S i tes, Campbel l  County, Tennes see . • . •  31 

10,' Manganese and Zi nc in Spoi  1 from Vegetated (V) and 
Nonvegetated (N ) Str i p  r� i ne S i tes, Campbe1l County, 
Tennessee . . . • .. . . . . . . . . . . . .  .. . . ., . 36 

11. Manganese and Zinc i n  Spoi l from Selected Stri p M ine S i tes, 
Campbe l l County, Tennessee . . . . • . . . • • . . • . 37 

12 . Penetrometer Measurements i n  Spoi l (0-8 em) at  Sel ected 
Strip M ine S i tes, Campbell County, Tennessee. . . • • 40 

13. Penetrometer Meas urements and Moi st ure i n  Spoi l (0-8 em) 
from Vegetated and Nonvegetated S tr i p  Mi ne S i tes, 
Campbel l County, Tennessee . . . • • . . . . • • . . . • 41 

vi 



vi i 

TABLE PAGE 

14. Moi sture i n  Spo i l  (0-8 cm ) from Sel ected Stri p r�i ne S i tes, 
Campbell County, Tennessee • • . • . . • . • . . • . • . •  42 

15. Co l or Val ue and Chroma of Dry Spo i ls i n  Stri p Mi ne S i tes, 
Campbe 11 County, Tennessee .  . . . • . . • . . . • . • 43 

16. Spo i l  Temperatures on Vegetated and Nonvegetated Stri p 
Mine S i tes, Campbell County, Tennessee .  • . • • • • . 45 

17. Spo i l  Pro perti es Before and After Limi ng and Ferti l ;za-
t i on, Campbell County, Tennessee . . . • . • . • . • . 48 

18. Color Determinati on of Spo i l  from Pa i red  Sampl es of 
Vegetated and Nonvegetated Stri p M ine S i tes, Campbel l 
County, Tennessee . • . . . . . . • . . • . . . . . • 61 



L IST OF FIGURES 

FIGURE PAGE 

1. Cross-section o f  Typica l  Contour Strip Mine. . . • . . . 3 

2. Strip Mine Study Site Showing Areas (Numbered) and P l ot 
Locations (So l id Dots ) ,  Ol l is Creek , Campbel l C ounty , 
Tennessee • . .  '" • . . • . . • • • . . . . . • • . 6 

3. Typica l P l ot wit h Bare Spoil Adjoining Vegetation. . • . 1 3  

4 .  Typical  Pl ot with H erbaceous C over (Festuca ar undinarea 
Schreb. ) and Trees (Robinia pse udoacacia L.) in the 
Background . . . . . . . . . . • . . • . . . . . . . . 1 4  

5. Plot Layout with Samp l ing Points 45° from One Another and 
Five Meters from Plot C enter . • • • . • • • . • • • . . •  18 

viii 



I. INTRODUCTION 

The probl ems fac i ng a g row i n g  i n dustri al i zed nati on are numer

ous . One bas i c  req ui rement for expan s i on on al l hor izons i s  energy. 

Many hyd roele ct ri c and steam generati ng pl ants were establi shed by the 

cl ose of Worl d War II , but it was apparent that va st amounts of energy , 

above and beyond that wh i c h  co uld be produced by exi st i ng fac i l i t i es, 

would soon be needed . Consequently, the fi rst nucl ear power pl ants 

were establi s hed  i n  the  mi d 1 9601s. Publ i c  awareness of poss ibl e 

hazards i n  the deve l opment and produc ti on of nucl ear power has i n- .

creased requ; red regu l  at i on s  an d the refo re the time s chedu.1 e neces sary 

fo r "in l i nell powe r producti on. Energy need? and demands are exceedi ng 

the producti on of power at an ever-i nc reas i ng rate. 

Coal mi n i ng i s  necessary for the mai ntenance of our present 

stan dard of l ivi ng , for many worke rs in all f i elds of endeavor rel y  on 

coal -de ri ved ene rgy and the products it produces. It i s  needed for 

thei r l ive l ihood as well as for pe rsona l  sati sfact i on. legal constra i nts 

Cdn m i n im ize damage, protect wi l derness  areas, and preserve our envi ron

ment, but t hey will not and cannot stop our country's need for ene rgy. 

Surface m i n i ng res ults i n  the d i splacement of soi l and rock strata. 

The term "strip mi n i ng" i s  gene rall y associ ated wi th  the surface removal 

of c oal and i n  the l ay person1s mi nd, the ecol ogi cal  i n stabi l i ty whi ch 

can res ult ( Boyer  1974) .  

The most p romi nent  type of strip mi n i n g  carri e d  out i n  the 

easte rn Un i ted States has  been termed "contou r strippi n gll or "contour  

s u rface mi n i ng, .. an d ;s  accompl i sh e d  by the  removal of  ove rburden and 
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mi n i ng of a coal seam i n  steep or mo unta i nou s terra i n  ( Boyer 1974) .  

Unt i l recentl y, th i s  type of m i n i n g  resu l ted  i n  p us h i ng the ove r

burden downs l ope to c reate a bench so that equ ipment coul d be ope rated 

w i th eff i c i ency ( Fi gu re 1 ) .  Once the coal was removed, l ittl e wa s done 

to rehabi l i tate the s i te to p revent e ros i on and potent ial aci d d ra i nage. 

Damage to the envi ronment due  to stri p mi n i ng s i nce 1 945 has 

i nvol ved some 1.6 m i l l i on hectares of l and, of wh i ch only 81 0 thousand 

hectares have been reveget ated. Uncl a imed  acreage i nc ludes over 81 

thousand  hectares i n  lIorphan banksll fo r wh i ch no mi ne operator <!�n be 

contacted for rec l amati on. In add i ti on, s t ri p m i n i ng of coal  i s  con

t i n u i n g  at an increas i ng rate, d i s turbi ng  1 ,620 to 2,025 hect a res of 

l and  per week {Anonymous 1973}. It  i s, therefo re, neces sary to re

habi l i tate l ands that have been mi ned--to h ea l  the envi ronmental damages 

that have occ urred in procuri n g  fossil fue l s  and other raw materi a l s. 

-:-h is  probl�'m must  be attacked from an eco l og i ca l ly sound po i nt of vi ew. 

P ubl i c  awareness resu l ti ng f rom concerned c i t i zens and ecol ogi cal l y  

oriented organ i zat i ons  has b rought about c h anges i n  reclamat i on practi ces 

an d leg i sla tive act ion  to ai d the rehabi l i tati on of the se sites. 

N umerous studies have been undertaken to describe and  presc ribe courses 

of act i on for cont ro l l i ng  i mpen d i ng dama ge to the envi ronw�nt. 

Strip mi ne  areas are not natural lIecosys tems." Very l i tt l e i s  

known concern i n g  the environmental  cond i t i ons wh i ch prevai l  on such 

s i tes, and  i t  ;s not surpr i s i ng that so l i ttl e data have been ut i l i zed 

i n  thei r revegetat i on. Necessarily, any sol uti on w i ll be part i all y 

emp i r i cal , but bas e d  i ns ofar  as pos s i bl e on a knowl edge and understandi n g 

of s po i l  and  mi c roc l i mati c paramete rs c h aracteri s t i c  of stri p  m i ne s i tes.  
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The object ive of thi s study was to make mi crocl i mati c and 

s poi l analyses for determin i n g  conditi ons  preva i l i n g  on sel ected 
� 

s tri p mi ned s po i l banks whi ch permi t  the i nv as i on and establ ishment 

of certain plant spec i es on some mic ros i tes while excludi ng them 

4 

from others. Suggestions are offered as to how these growth l imita

t i ons may be overcome s o  that natural suc ces sion can be reestabl i shed. 



II. THE StUDY AREA 

The Ol l i s Creek strip mine , i n  Campbel l County, Tennessee, was 

the  study a rea. It i s  l ocated N 36° 22' 30" longi tude on the edge of 

the Cumberl an d escarpment. It i s  northwest of �nd pa ra l l e l to Cumber

l and Mounta i n  and  i s  i n  both the Jacksbo ro and Ivyde11 Quadran gl es 

(USGS nos. At4S 4156 I SW-Se ri es V841 and  AMS 4156 I NW-Series V853, 

respective ly). The  s tri p m i ne i nterrupts the drai nage of the Olli s 

Creek �latershed wh ich  origina tes at the Tennessee Val ' ey D i vide (on 

L i ttl e Cumberl and and Sh ort t�ounta i ns) . Tributaries to Ol l i s  Creek 

wh i ch a re al s o  interrupted a re Thompson Creek , Yel l ow Branch, and Laure l  

Branch. 

The area ; s  characteri ze d  by fau l ting due to the ri s e  of the 

Cumberl and Es carpment wh i ch del i neates the P l ateau from the Ri dge and 

Val l ey provi nce of Tennessee (Fenneman 1938). As a res u l t, the Kent 

( or  Coal Creek) coal seam ,  wh ich  i s  the prima ry object of mi n i ng, 

va rie s from 427 to 518 mete rs i n  el e vati on. Rock strata compri s i n g 

most  of the  overburden i s  a sha l e i n terval of the  Sl ates tone Group 

(Wil son, et a1. 1956), somet i mes cal l ed the Bricevi l l e  Formation (Gl enn  

1925).  The  Kent seam i s  nea r the bottom of  th i s  group of  the  Pen nsyl 

vani an formation , and associ ated wi th i t  i s  a formati on of the same 

peri od  known as "Stephens Sandstone.1! Th i s  sandstone ; s  d i stributed 

i n  both mass i ve and thi n  phases throughout the enti re extent of the Kent 

seam. An exampl e of the mass i ve phas e can be found i n  a rea 3 (Fi gure 2) 

where i t  o ver l i es the Kent seam. In contrast wi th other  a reas, the 

sandstone is seemi ngl y nonexi stent because i t  u nderl i es the mi ned seam, 

5 
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Figure 2. Strip mine study site showing areas (numbered) and plot locations ( solid 
dots ) , Ollis Creek, Campbell County, Tennessee. 0"0 



i s  found i n  extremel y  thi n ph ases, or i t  i s  di scon t i nu ous ( Wi l son , 

et al . 1 956 ) .  These formations are the resul t o f  erosi on and  si l ta-
• 

t i on o f  brack ish or fresh water swamp areas d ur i ng, the Pennsyl van i an 

7 

peri od. Impressi ons o f  fern l eaves and other vegetati on are.preva l ent 

in  the shal e structures i mmedi a tel y overl y i ng the Ken t  seam , wh i l e  

casts o f  roots, such as Lepi dodendron a n d  S igi l l ari a occur i n  the 

un dercl ays ben eath the seam ( Gl enn  1 9 25 ) .  Nai ad i tes , a bracki sh or 

fre sh water i nvertebrate spe c i es of the Pennsyl van i an peri od occur i n  

the b l ue-b l ack (Sl atestone)  sh al es over the coal  at Ol l i s Creek ( Gl enn 

1 92 5 ) . 

The Kent seam i s  the most wi despre ad mi ned seam and  i s ,  there 

fore , the most econ omi ca l l y  i mportant coal sea m  i n  Campbel l County 

( Lu ther 1 959 ) .  Coal has been mi ned  i n  t h i s  area  for more than 9 0  

years , commerci a l l y  for o ver 5 0  years. The seam at the Ol l i s  Creek 

si te , excl udi ng part i n gs ,  has a th i c kn ess from . 76 to 1 . 27 meters with  

reserves i n  the  I vydel 1 Quadran gl e total i ng 9 1 ,688 ,889 metri c tons as  

of 1 958 ( Eng l und 1 958) . 

The mi n e  si te has a rol l i n g  topography and  was contour stri pped. 

Consequ en tl y ,  overburden vari es greatly  i n  t h i c kness and  expanse from 

the highwa l 1 ( Fi gure 1 ,  page 3). The coal  seam and i ts ri der (a Ilstrayll 

coal seam usua l l y  above and  div i ded from the ma i n  coal  bed by rOCK , 

shal e, or  o ther mater i a l ) mi ned at Ol l i s Creek are genera l l y  known as 

the Coal Creek  seam ( Swi ngl e 1 96 0 ) ;  pecul i ar to th i s  area ;s  the Kent 

seam ( W i l son , et al . 1 95 6 ) . 

Ol l i s Creek was stri p mi ned i n  1 9 58 and  abandoned without reha

b i l  i ta t i on . The study area i'/as aga i n  mi ned  between Apri l 1 9 70 and  
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April 1 972, disturbing 1 6 3 hectares for the remova l  of  542
' , 76 7  metric 

,,>, 

tons o f  coal . The mining operation incorporated both stripping and 

augering where practicable .  Standard rec lamation technol ogies at 

that time incl uded liming, fertilization, seeding herbaceous species, 

and the p lanting of  both co ni ferous and deciduous co ver. Many small 

water impoundments were l e ft, particu l arl y  at the bases o f  highwa1 1 s. 

The area is characterized by roll ing to hilly topography a nd is 

covered by a thin soil, Muskingl!m, steep to hil l y  phase (Rudo 1 ph, et 

a 1.  1 953) . Recent studies identify the soil s o f  the general area as 

being within the Muskingum-Gilpin-Je fferson soil association .  Pre

l iminary descriptions indicate that the Muskingum and Gilpin are thin 

soi l s  from 46 to 91 cm to shale bedrock. They are formed on rel atively 

steep slopes with grades of  20 to 60% (Personal communication, M. E. 

Springer 1977). 

The mine d area is within the boundaries characterized as being 

the Mixed Mesophytic Forest region (Braun 1 950).  The forests of the 

area were mixed hardwood forests o f  Quercus (oak), Carya (hicko�'y), 

Castanea (chestnut) on intermediate sites, Til ia (basswood), Lirioden

dron (yell ow poplar), and others o n  mesic slopes, and � echinata 

Mill . (shortl eaf pine) and Pinus virginiana Mill . (Virginia pine) o n  

more xeric sites (Rudolph, et ale 1 95 3 ). l-/ith the advent o f  u nderground 

mining, rail way systems were constructed in the area . Local timber was 

used for constructing this system and for shoring in  the mines (Glenn 

1925 ). The locality is, since mining, predominately Quercus and Carya 

with some Tsuga (heml ock). Understory vegetation is sparse and inc ludes 



Ka l m i a  ( mounta i n  l au re l ) ,  Vacc i n i um ( blueberry ) , and Gayluss i c a  

( huckleberry ) .  

Vi rgi n i a  p i n e  ( P i nus vi rgi n i ana t4 i ll. ) was the on ly  volunteer 

tree spe c i e s  encroach i n g on the mi ned area but was sparse and 

i rregula r i n  di s t ri buti on. Pokeweed ( Phytolacca ameri cana L.) 

occurred cons i s tently throughout the a rea .  Greenbri e r  ( Sm ilax bona

� L. ) ,  the frost aster ( Aster pi l os us Willd.) , and Queen Anne1s 

9 

Lace ( Daucus carota L.) occurred  sporad i cal l y  i n  the more �€s i c  s i tes; 

catta i l  (�l atifoli a L.) ,  sedges ( Carex spp. and C.yperus spp . ) ,  

and smartweed ( Pol ygonum pensylvan i c um L. ) occ ur i n  va ry i n g  abundance 

on hydri c s i tes around water impoun dments. 

Pl anted tree speci es i nc l ude l ocust  ( Robi n i a  pseudoacaci a  L. ) ,  

autumn oli ve (Elaeagnus  u mbe l l ata Th umb. ) ,  and  pi tch pi ne (Pi n us ri g i da 

Mi l l . ). The wi de vari at i on i n  s urvi val and growth rates was dramat i c. 

Surviva1 of seeded  herbaceous spec i e s  was greatest i n  the case of 

seri cea lespedeza [Lespedeza cuneata ( Dumont )  G. Don] and Kentucky 31 

fescue ( Festuca a rundenacea Sch reb.) . They va ry from depa uperate, 

i solated p l ants to lush, den s e  stands four to fi ve feet tal l . 

Other i ntrodu ced  spec i es found  i n  vary ing  abundance i ncluded 

weepi ng love grass  [Erag rost i c  curvul a ( Sc hrad. ) Nees. J and  Korean 

lespedeza ( Lespedeza sti pulacea Maxim. ) .  Introduced speci es fa r exceed 

the vol untee rs in numbers. 

Esti mates have been made that only 41 of the 163 hectares  

compri s i n g  the  mi ne s i te have been s ati sfacto rily vegetated. An 

est i mate of vegetative cove r based on 50 plots y ielded an aver

a ge of 26. 1 %  ( range of 0-95%, Tabl e 1). Sharp and clear 



Pl ot I 

n o . 1 

1 15 
2 7 5  

3 85 

4 95 

5 65 

.6 9 5  

7 65  

8 65 

9 65 

10 15 

11 55  

12 95  

13 95 

14 25  

15 15 

16 25  

17 5 

18 5 

19 45 

20 85 

21 45 

22  5 5  

23 25 

24 25  

2 5  95  

2 6  25  

27 55 

28 65 

TABLE 1 .  ESTIMATED PERCENTAGE OF VEGETATION 
OF SELECTED STRIP MINE SI TES, 

CAMPBELL COUNTY, TENNESSEE 

Observati ons 
2 3 Average 

.1 .1 tJ/ 
/0 

45 65 41. 67  

95  55  75. 0 0  

95 85 88.33 

85 35 71. 67 

45 55 55 . 00 

85 65 81. 67 

7 5  85 7 5.00 

35 55 51. 67 

75 75 71. 67  

55  85 51. 6 7  

85 55 65 . 00 

75  55  7 5 . 00 

95 95 95. 00 

55 45 41 . 67 

5 5 8. 33 

45  55  41.67 

15 5 8 . 33 

5 5 5.00 

45 55  48. 33 

85 95 88.33 

35 45 41 . 67 

45 55 51.67 

2 5  2 5  2 5. 00  

75  85 61 . 67 

9 5  95  95.00 

2 5  3 5  28.33 

7 5  5 5  61.67 

9 5  9 5  85.00 

P redomi nan t  Speci es 

Festuca arundi nacea Schreb. 
Lespedeza cuneata 

Lespedeza cuneata 

( Dumon t ) 

( Dumont ) 

G .  

G .  

Lespedeza cuneata ( Dumont ) G .  

Lespedeza cuneata ( Dumoh
"
t ) G .  

Lespedeza cuneata (Dumont ) G. 

Lespedeza cuneata ( Dumont ) G. 

Festuca arun d i n acea Schr.eb. 

Festuca arund i nacea Schreb. 

Lespedeza cuneata ( Dumont ) G. 

Lespedeza cuneata ( Dumont ) G .  

Festuca arundi nacea Schreb. 

Tri fo l i um agrari um L. 

Festu ca arund i nacea Schreb. 

Festuca arundi nacea Schre b .  

Festuca arundi nacea Schre b .  

Festuca arundi nacea Schre b .  

Festu ca arundi nacea Schreb. 

Festuca arundi nacea Schreb. 

Lespedeza cuneata 

Lespedeza cuneata 

Seca1 e spp . 

Lespedeza cune.a ta 

( Dumont ) 

( Dumont ) 

( Dumont ) 

Festuca arundi nacea Schre b .  

Festuc a  arundi nacea Schreb .  

Festuca arundi nacea Schreb. 

Festuca arund i nacea Schreb. 

Festuca arundi nacea Schreb. 

G .  

G .  

G. 

1 0  

Don 

Don 

Don 

Don 

Don 

Don 

Don 

Don 

Don 

Don 

Don 



1 1  

TABLE 1 (con tinued ) 

Observations 
P lo t  1 2 3 Average Predominant  Speci�s 

no. % % % - % 

2 9  85 55 75 71. 67 Festuca arundinacea Schreh. 
30 45  85  45 58 . 33 cuneata (Dumont ) G .  Don 
31 3 5  75  55  55.00 Typha latifol ia L. 

32 3 5  2 5  3 5  31 . 67 Festuca arundinacea Schreb . 

33- 45  55  35 45 . 00 Festuca arundinacea Schreb. 

34 45  95  75  71.67 arundinacea Schreb. ,,..,, -

35  2 5  55 55 45 . 00 Festuca arundinacea Schreb. 

36  75  85 75  78 . 33 Festuca arundinacea Schreb . 

37  1 5  2 5  1 5  18.33  Festuca arundinacea Schreb. 

38 95  65  65 7 5 . 00 arundinacea Schreb. 

3 9  45 35 65  48.33  Festuca arundinacea Schreb. 

40 15 3 5  3 5  28. 33 Festuca arundinacea Schreb. 

41 15  25  25  2 1.67 Festuca arundinacea Schreb . 

42 7 5  4 5  45 55.00 Festuca arundinacea Schreb. 

43 35 55  55  48. 33  tuca arundinacea Schreb. 

44 55 35 3 5  41. 67 Festuca arundinacea Schreb . 

45  2 5  15 3 5  2 5.00 Festuca arundinacea Schreb. 

46 55 55 35 48.33  Festuca arundi nacea Schreb. 

47 35 25  55 38.33 Festuca arundinacea Schreb. 

48 2 5  6 5  3 5  41. 67 Festuca arundinacea Schreb. 

49  3 5  7 5  5 5  55 . 00 arundinacea Schreb. 

50 2 5  2 5  5 18 . 33 Festuca arundinacea S chreb. 
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b oundaries del ineate the majority o f  the vegetated and nonvegetated 

portions of  the mine ( Figu res 3 and 4). The boundaries are, in general , 

perpendicular t o  the highwa 1 1 .  

Stations reporting p recipitation and temperatu re are those in 

cl osest p roximity to the s tu dy area . P recipitation of the area has 

been reco rded and col l a ted by the Tennes see Valley A uthority at  the 

LaFol lette station, Campbell C ounty , Tennessee, for the past 43 years. 

This station, l ocate d approximatel y two mil es  east  of the mine site, 

receives an average 1, 303 mil l imeters (Tabl e 2) o f  p recipitation pe r 

yea r (Anonymous 1974- 1 9 76). 

Tempe rat u res reco rded by the National Weathe r Service at Norris, 

'Anderson Co unty, Tennes see, indicate an annual a ve rage(temperature of  

1 3 . 8° C (Tab1 e 3) and all monthly a verages' are above OC C (United 

States Department of Comme rce 1974- 1 976 ) . 







TABLE 2. PRECIPITATION (MM) AT LAFOLLETTE STATION (EL. 1250 ) ,  CAMPBELL COUNTY, TENNESSEE 

Year January February .March Apr i l  May June Ju l y  

Average1 123 122 139 101 94 109 135 

1974 230 113 129 104 195 40 26 

1975 131 135 360 60 172 97 86 

1976 91 46 177 27 211 152 133 

Year August Se�tember- Octgper November December Annua12 
. . ¥ 

Average1 103 82 69 101 125 1303 

1974 127 199 46 98 131 1439 

1975 80 133 150 74 94 1572 

1976 48 82 130 30 77 1202 

l Average i s  determined by data col l ected for the peri o d  from 1941 
through 1970. 

2Derived from unrounded data. .... 
U1 



TABLE 3. TEMPERATURE (oC) AT NORRIS STATION ( EL, 1150 ) , ANDERSON COUNTY) TENNESSEE 

Year January Februar.� March AQril May June July 

Average1 2.8 3.9 8.3 14.2 18.7 22.7' 24.3 

1974 8.5 5.3 11.9 14.6 18.9 20.7 24.8 

1975 M2 M2 8.0 13.6 20.3M2 22.1 24.2 

1976 .5 8.8 10.9 14.3 16.3 21.8 .7 

Year August Se�tembet October November December Annual 

Average1 23.8 20.7 14.8 8.0 3.5 13.8 

1974 23.8 19.7 13.7 9.0 4.6 14.6 

1975 25.1 19.7 14.9 9.1 3.8 

1976 23.2 19.2 11.6 5.0 1.7 13.0 
�'" " 

lEstab1ished using 1941-1970 data by procedures outlined by the 
National Oceanic and Atmospheric Administration. 

2Denotes miSSing data. Averages have been computed for months 
with less than 10 days missed. 

-" 
0'1 



III. MATERIALS AN D METHODS 

Sampl i ng ��thodol ogy 

Pre l i mi na ry i n vesti gations of the mine s i te we re made pri or to 

pl ot establi shment i n  1974. Boundary deli neation, topography, d i s tri bu

ti on, and pos i t i on we re con sidered. Fifty pl ots were subsequently 

establi shed at random (Figure 2, page 6 ) .  Plot centers were l ocated 

on boundari es of vegetated and nonvegetated a reas. F rom each plot 

cen ter, three sample points were establi shed f i ve meters from each 

s i de of the boun da ry (Figu re 5). Three spoi l samples were taken at 

depths of 0-5, 10-15, an d 25-30 cm at each of these  six poi nts in each 

plot, yi eldi ng a total of 900 spoi l s ampl es. Photographs were made to 

a i d  i n  veri fi cati on of plot s i tes and to yi el d i nformati on conce rn i ng 

poss i ble encroachment of veget ati on i nto nonvegetated areas and changes 

i n  topography. Percent  cover was esti mated (Brown 1954) usi ng a c i rcle 

wi th an area of one squ are meter. l" 

After the establ i shment of the 50 pl ots, seven areas we re de

l i ne ated based on homogenei ty of s i te condi t i ons. However, s ome plots 

were not i ncluded i n  any of the areas because of s i te differences. 

Duri ng the course  of the study, three areas (1. 2, and 4) were limed 

(46 metric  tons/hectare w i th dolom i t i c  limestone) and fertilized 

(N = 57 kg/ha, P205 = 114 kg/ha). 

Anal yti cal Methods 

Spoi l  sampl es we re col l ected from each sample point an d taken to 

the 1 aboratory fat' dryi ng at 70° C fo r 48 hours. They were crushed, 

17 



Samplin, Points 

Points 

Plot 
Center 

Figure 5 .  Plot layout with sampling points 45° from one 
another and five meters from plot center. 

1 8  



then s i eved through a number 1 0  mesh to obtai n  pa rti cles l es s  than 

2 mm. S i x  hundred sampl es were used  for anal �s;s . 

Chemi ca l  Analyses 

The pH was determined u s i ng a 1 :1 spo i l  to  water rati o  after 

1 9  

it had been m ixed, covered, and al l owed to stand fo r,72 hou rs . As a 

check, sampl es were se l ected randomly and determinat i ons  made u s i ng a 

.01 mol ar sol uti on of calcium chlori de (Peech 1 965 ) . Al l measurements 

were made usi ng  a Fi she r Accumet pH meter wi th a standard combi nati on 

gl a,s s e l ectrode. 

A neut ral  1 normal sol uti on of ammoni um acetate was used to 

ext ract calc i um and magnes i um (Heal d 1 965 ) , exchangeabl e potass i um  

(Pratt 1 965 ) , and  manganes e  {Adams 1 965}. Ext ractable a l umi num (Youn 

and F i skel l 1 959) and i ron (O l s on 1 965 ) was extracted wi th 1 normal 

ammon i um acetate, pH 4 . 8 . Phosphorus was extracted us i ng Nel son's 

doubl e aci d procedu re (Ol sen and Dean 1 965 ) ' and zi nc by a 0 . 1  normal 

hydrochl ori c ac i d  s ol ut i on (V iets and Bo awn 1 965 ) . · 

Cal c i um and potass i um were determ i ned on a Techn i con Autoanaiyzer 

Fl arne Photomete r I I I . Magnes; urn and phos pho rus we roe determi ned  

col orimetrica l l y  us i ng a Techni con colorimeter us i ng magnes i um b l ue an d 

ammon i um vanadate  to del i neate col or .  Al umin um, i ron, manganese, and 

zi nc were determi ned i n  a Pe rkin  Elmer Atom;c Absorpt i on S pect ro pho

tometer Mode l  40 3 .  

Phys i ca l  An a lys es 

Col or analysis' of dry and moist  spoi l was made u nder a constant 

fluorescen t art i fi c i al l i ght source us i ng standard so ; l  col or chi ps 

(Munse l l 50;1 Col or Chart 1 954) . 
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Penetrometry measurements were made in. the field with a Proctor 

penetrometer (Davidson 1965). Moisture samples were taken at the same 

time as the penetrometry measurements and percent moisture determined 

in the 1aboratory (Gardner 1965). 

Surface temperatures were measured using a Model 560 Mikron 

Radiometer to measure spoil under vegetation and bare spoil. Ambient 

temperature was measured using a standard mercury thermometer. Slope 

angle and aspect were determined using a Brunton Pocket Transit. 

Statistical Analyses 

Statistical analyses were made using the Ilt" test procedure as 

given in the User's Guide to SAS (Barr, et ale 1976). The paired "til 

test compat'ed selected elements in spoils under vegetation with those 

from nonvegetated sites. Comparisons
,

were made on three levels of 

complexity: the individual plots, tre seven areas, and a composite 

of the 50 plots by spoil depth. 



IV. RES ULTS AN D DISCUSSION 

Spoi l Ac i d i ty 

Wi th each depth cons i dere d  i ndependently, spoi l reacti on was 

s ign i fi cant l y  l ower (p = .01) on bare than ·on vegetated spo i l  (Tab l e 

4 ) ,  the total range be i ng f rom pH 2.6 to 7.9. General ly, the areas 

l imed  in 1974 (1,2, and 4) had differences in pH (p = .05), whi l e  

unl i med  a reas (3, 5, 6, and 7) ( Tabl e 5) had d iffe rences great enough 

to ove rr i de those of the li med areas i n  the compos ite ana lys i s  

( Tabl e 4). 

Compar i s on among s urface samp les  (0-5 cm) had pH val ues of 6.1 

and 4. 0 on vegetated l i med and vegetated unl i med  s i tes whi l e  bare 

l imed and bare un l i med si tes yi el ded val ues  of 6.2 and 3.1, respectively. 

Differences became l ess  defi ned w i th s ampl i ng depth (Tabl e 4 ) .  

The pH va l ues  i ndi cated a fai rly l a rge respon se to the appl i cati on 

of dol omi t i c  l i mestone (46 metri c tons/hectare) when compared w ith pre

l imed spoils  ( Tabl e 5). Low pH val ues may be attributed to weatheri ng 
. 

of o verburden. thus i ncreas i ng the n umber of exchange s ites, the forma-

t i on of hydro l yzed al umi num, and the oxi dati on of s u l f i des. 

Magnes i um 

An average of a l l pl ots i n d icated  more exchangeabl e magnes i um 

i n  nonvegetated spo i l s  than un der vegetati on at the 0-5 cm sampl i ng 

depth ( p::: .01). No d i fferences ( p  = .05) occurred at l m<Jer depths 

( Tabl e 6) � Differences ( p  = .05) we re fo und i n  on ly  three of the 

seven i ndependently tested areas at the 0-5 cm sampl i ng l eve l ( Tabl e  7 ) .  

21 



TABLE 4. HYDROGEN-ION ACTIVITY IN SPOIL FROM VEGETATED 
(V) AND NONVEGETATED (N)  STRIP MINE SITES, 

CAMPBELL COUNTY, TENNESSEE 

Average 
Spoi 1 A.cti vity 

Difference1 Depth V N 

cm £!:L £!:L ElL 

0- 5 4.8 4. 1 0.7 
10-15 4.6 3.4 1.2 
25-30 4.6 3.4 1.2 

1Al1 differences significant at 1% level in 100 
paired observations. 

22 
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TABLE 5. HYDROGEN-ION ACTIVITY IN SPOIL FROM SELECTED 
STRIP MINE SITES, CAMPBELL COUNTY, TENNESSEE 

Average 
Observations Acidity 

Non- Non-
Spoil Vege- vege- Vege- vege-

Area Deeth tated tated tated tated Difference Significance 

cm no. no. � � 2!L .05 . 01 

0- 5 12 12 6.6 6.9 0. 3 NS NS 
10-15 12 12 5. 4 4.1 1. 3 S S 
25-30 12 12 5. 7 3. 7 2.0 S S 

Comeosite 36 36' 5. 9 4.9 1. 0 S NS 

2 0- 5 12 12 6.4 6. 3 O. 1 NS NS 
10-15 12 12 5.2 4. 3 0.9 NS NS 
25-30 12 12 5. 3 4.2 1. 1 S NS 

ComEosite 36 36 5. 6 4. 9 0.7 NS NS 

3 0- 5 10 10 3. 9 3.4 0.5 S S 
10-15 10 10 4. 2 3. 3 0.9 S S 
25-30 10 10 4.3 3. 5 O.S S S 

ComQosite 30 30 4. 1 3. 4 0.' S S 

4 0- 5 6 6 5.3 5,5 0.2 NS NS 
10-15 6 6 4. 2 3.4 O.S S S 
25-30 6 6 4.0 3.S 0,2 NS NS 

Composite 1S lS 4.5 4. 2 0.3 NS NS 

5 0- 5 6 6 3.7 2. 9 O.S S NS 
10-15 6 6 3. 6 2.9 0. 7 S NS 
25-30 6 6 3 . S 3. 0 O.S S NS 

Comeosite 1S l S  3 .7 2.9 O.S S 5 

6 0- 5 6 6 4. 3 3. 2 1.1 S S 
10-15 6 6 5. 0 3. 2 l oS S S 
25-30 6 6 4. 9 3. 1 l .S S S 

ComEosite lS l S  4. 7 3. 6 1. 1 5 5 

7 0- 5 S S 4. 1 3.0 1. 1 S S 
10-15 S 8 4. 3 3. 0 1.3 S S 
25-30 S S 4. 4 3. 0 ' 1. 4 S S 

ComEosite 24 24 4. 3 3. 0 1.3 S S 
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TABLE 6. MAGNESIUM, CALCIUM, AND POTASSIUM IN SPOIL 
FROr,1 VEGETATED (V) AND NONVEGETATED (N) STRIP 

MINE SITES, CAMPBELL COUNTY, TENNESSEE 

Average Differences 
Spoil Concentration in 1 00 Paired Significance 

Mi nera 1 Depth V N Observations of Di fference 

B.I!!!! -E.E.!!!. B.I!!!! .05 

Magnesium 0- 5 1 87 294 1 07 S S 
1 0- 1 5 207 227 20  NS NS 
2 5-30 237 262 2 5  NS NS 

Calcium 0- 5 797 1 1 87 390 S NS 
1 0- 1 5 432 787 355 S S 
25-30 476 976 500 S S 

Potassium 0- 5 76  32 44 S S 
7 10- 1 5 70 28 42 S S 

25-30  70 37 33 S S 



Area 

2 

3 

4 

5 

6 

7 

TABLE 7. MAGNESIUM, CALCIU�I, AND POTASSIUM IN S POIL FROM 
SELECTED S TRIP MINE SITES, CAMPBELL COUNTY, 

Observations  
Non-

Spoil Vege- vege-

TENNESSEE 
. 

Average 
Concentrati on 

Non-
Vege- vege-

25 

Deeth tated tated tated tated Di fference Si gn i f i  canee 

Magnesium 

em no. no . P.E!!! P.E!!! � .05 .01 

0- 5 12 12 178 222 44 NS NS 
10-15 12 12 194 211 17 NS NS 
25-30 12 12 268 252 16 NS NS 

Comeos ite 36 36 213 229 16 NS �� 

0- 5 12 12 183 283 100 S NS 
10-15 12 12 255 208 47 N S  NS 
25-30 12 12 255 265 10 NS NS  

Composite 36 36 231 252 21 NS NS 

0- 5 10 10 98 127 29 NS NS 
10-15 10 10 81 150 69 NS  NS 
25-30 10 10 92 113 21 NS NS 

ComEosite 30 30 91 130 39 NS  NS  

0- 5 6 6 262 781 519 S NS 
10-15 6 6 274 397 123 NS NS 
25-30 6 6 315 414 99 NS NS  

Compos ite 18 18 284 531 247 S S 

0- 5 6 6 222 483 261 S NS  
10-15 6 6 251 314 63 NS  NS  
25-30 6 6 268 440 172 S N S  

Compos ite 18 18 24i 412 165 S S 

0- 5 6 6 305 370 65 NS  NS 
10-15 6 6 336 251 85 N S  NS  
25-30 6 6 329 285 44 NS  NS  

Compos ite 18 18 323 301 22 NS NS  

0- 5 8 8 235 206 29 NS  NS 
10-15 8 8 217 237 20 NS  NS  
25-30 8 8 54 136 82 NS  NS  

Comeos ite 24 24 233 242 9 NS  NS  
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TABLE 7 (continued) 

Average 
Observati ons- Concentration 

Non- Non-
Spoil Vege- vege- Vege- vege-

Area De�th tated tated �ated tated Difference Si gnifi cance 

Ca 1 dum 

cm no. � � EE!!L .05 . 01 

0- 5 1 2  1 2  2423 3754 1 33 1  S S 
1 0- 1 5 1 2  1 2  9 1 4 1 808 894 S NS 
25-30 1 2  1 2  1 233 1 893 660 NS NS 

Com�os;te 36 36 1 524  2485 961 S S 

2 0- 5 1 2  1 2  2085 3437 1 352 S NS 
1 0- 1 5 1 2  1 2  9 1 1 1 485 574 NS NS 
25-30 1 2  1 2  727 2 1 7 7  1 450 S S 

Comeosite 36 36 1 241  2366 1 1 25 S S 

3 0- 5 1 0  1 0  3 7  29 8 NS NS 
1 0- 1 5 1 0  1 0  3 5  30 5 NS NS 
25-30 1 0  1 0  37  37  0 NS NS 

Comeosite jo jD 3b 32 � �S f\lS 

4 0- 5 6 6 1 342 3022 1 680 S S 
1 0- 1 5 6 6 578 1 433 855 NS NS 
25-30 6 6 386 923 537 NS NS 

ComEosite 1 8  1 8  769 1 793 1 024  S S 

5 0- 5 6 6 275 375 1 00 NS NS 
1 0- 1 5 6 6 373 632 259 NS NS 
25-30 6 6 5 1 9 1 01 4  495 NS NS 

Comeosite 1� 1 8  389 673 284 S NS 

6 0- 5 6 6 256 1 51 1 05 NS NS 
1 0- 1 5  6 6 342 300 42 NS NS 
25-30  6 6 31 7 284 33 NS NS 

ComQosite 1 8  1 8  3 05 245 60 NS NS 

7 0- 5 8 8 297 349 52 NS NS 
1 0- 1 5  8 8' 324 1 684 1 360 NS NS 
25-30 8 8 435 1 670 1 235 S S 

Comgosite 24 24 352 1 235  883 S S 
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TABLE 7 ( co nt i n u ed ) 

Average 
Observat ions  Concentrat i on 

Non - Non -
Spoi l Vege- vege- Vege- vege-

Area De2th tated tated tated ta ted Di fference Si gn i fi cance 

Potassi um 

cm n o . n o . � � P.E!!l . 05 .01 

0- 5 12 12 110 69  41 S S 
1 0- 1 5 12 1 2  88 35 53 S S 
25-30 1 2  1 2  87 34 53 S S 

Comeosi te 3 6  3 6  95 46 49 S S 

2 0- 5 1 2  1 2  1 1 0  49 61 S S 
10- 1 5 12 12 90 33 5 7  S S 
25-30 1 2  12 84 42 42 S S 

Com,eosi te 3 6  3 6  95 42 53  S S 

3 0- 5 10 1 0  3 3  2 4  9 NS NS 
1 0- 15 10 10 38 25 13 S NS 
2 5-30 10 10 3 6  34 2 NS NS 

ComEosi te 30 30 35 28 ·7 S NS 

4 0- 5 6 6 91 2 5  6 6  S S 
10-15 6 6 92  21' 65 S S 
25-30 6 6 71 '42 29 NS NS 

Composite i8 lS S4 �i 5 3  S S 

5 0- 5 6 6 6 9  5 64 S NS 
10-15 6 6 60 11 49 S S 
25-30 6 6 63 18 45 S NS 

Comeosi te 18 18 64 11 5 3  S S 

6 0- 5 6 6 78 22  56 . S S 
10-15 6 6 86 36 50 'S S 
25-30 6 6 101 40 61 S S 

Com,eosi te 18 18 88 33  55  S S 

7 0- 5 8 8 5 7  13 44 S S 
10-15 8 8 6 4  11 5 3  S S 
25-30 8 8 61 17 44 S S 

Com�os;te 24 24 60. 13 47 S S 



Ma gnesi um i n  both vegetated and  non vegetated spoil was suffi c i ently 

abu ndant that a dequate amo unts ( above 60 pa rts per mi ll i on )  would b e  

a vailable to the vari ous pl ants ( Embl eton 1 966 ) .  

Ca l c i um 
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Dolomit i c  l i mestone had  been a ppl i e d  to thre e  of the seven 

i n dependentl y tested a re as from wh i ch sampl es were taken. I n  these 

areas ( 1 ,2, and 4, Tabl e 7 ) ,  non vegetated spoi ls had grea ter amou nts 

o f  calc i um than vegetated spoils ( p  = . 05) at  the 0-5 cm sampli ng  

depth . Remain ing areas had n o  impo rtant diffe rences. Only area  

t h ree was l ow in  ca l c i um in both vegetated and  non veget ated spoi l 

b ut not e nough to retard p l ant growth . 

Wh en a l l plots were an a l yzed  togethe r, differences were g reat 

enough that t rea ted pl ots o ve rrode the remain i ng pl ots ( Table 6) at 

the 0-5 cm sampli ng  le vel . Comparati ve di fferences ( p  = . 01 )  were 

g reater in the rema i n i n g sampl i n g  depths, non vegetated spoi l hav ing  

more calci um ( Table 6 ) . H oweve r ,  in both spo i l  under vegetat i on and  

i n  non  vegetated spo i l  cal c i um concen trati ons were probabl y  adequate 

for pl ant  growth ( Lon eragan a n d  Snowbal l 196 9 ) .  

Potassi um 

A1 1 plots c onsi dere d ,  there was more potassi um i n  vegetated 

than i n  nonveg etated spoi l at all depths ( p  = . 01 ,  Tab l e  6 ) . Results 

were va riable when each of the se ven a reas was tested in depen dentl y 

( Tab l e 7) . Four a reas, i n c l ud i n g  two wh i ch h ad been limed and  

ferti l ized, had mo re potassium in  vegetated than in  nonvegetate d  

spoi l s  ( p  = . 0 1 , Tab l e  7) . The rema i n ing  three areas h ad di fferences 



that were l ess si gni fi cant ( p  = . 05 ) . The general mi n i mum  requi red
' 

c oncentrati on o f  potassi um i n  soi l for crop growth is  1 1 2  kg per 

hectare ( Ul ri c k  and  Oh k i  1 966) . Non ve getated spoi l contai ned 83 kg 

per hectare or  l ess , whi l e  spoi l un der vegetati on conta i ne d  approxi 

mate l y  1 57 kg per hectare (Tab l e 6 ) . O f  the  seven areas,  onl y the 

29  

0-5 cm  sampl i ng depth o f  area 1 had  a val ue above the  general mi n imum 

i n  nonvegetated spo i l  (1 54  kg per h ectare ) . I n  spoi l u nder vegetati on  

onl y area  3 yiel ded va l ues bel ow the crit i ca l  l e ve l  prescri bed  by  

Ul ri c k  and  Oh ki ( Tab l e  7 ) . 

Phosphorus 

No d i fferences ( p  = . 05 ) were fou n d  i n  amounts o f  phosphorus 

i n  vegetated and  non vegetated spoi l s , both when pl ots were consi dered 

as a group ( Ta b l e  8) and  when each area  was tested i n dependent l y  

( Tabl e 9). H owever, the phosphorus l e ve l s i ndi cated that pl ants 

shoul d  respond to amendments. B i ngham ( 1 966) and Sabbe and  B re l and 

( 1 974) su ggest probab l e  responses when l eve l s  in soi l  are 25 ppm and 

l ess. 

Iron ........... 

Wh en a l l pl ots were consi d ered as a c omposi te , n on vegetated 

spoi l s  had more i ro n  at each soi l  depth ( p  = .01 ) th an vegetated 

spoi l s  ( Tab l e  8). The seven areas, tested i n dependent l y ,  had concen

trat i ons of i ron i n  bare spo i l s  that were e i ther equal  to or greater 

than ( p  = . 0 5 )  those under vegetat i on (Tab l e  9). 

Th e ava i l ab i l i ty of i ron a n d  i ts i ntera ct i on w i th other i ons  

ma kes it  one  of the more i mportant  e l ements under  i n vest i gati on i n  



TABLE 8. PHOSPHORUS , IRON, AND ALUf1INUM I N  SPOIL FROM VE GETATED 
(V ) AND NONVEGETATEO (N) STRI P MINE S I TES, CAMPBELL 

COUNTY , TENNESSEE 

Average Di fferences 
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Spo i l  Concen trati on i n  100 Pa i red S i gn i ficance 
M i n eral DeEt h  V N Observati ons of  Difference 

cm .E£!l! E.E!!l E.E!!l .05 ,01 

Phosphorus O� 5 15 14 1 NS NS 
10-15 2 0  17 3 NS NS 
25-30 24 19 5 NS NS 

I ron 0- 5 74 173 9 9  S S 
10-15 65 260 195 S S 
25-30 70 270 200 S S 

A l umi num 0- 5 225 445 220 S S 
10-15 217 445 228 S S 
25-30 217 401 184 S S 



Area 

1 

2 

3 

4 

5 

6 

7 
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TABLE 9 .  PHOSPHORUS, IRON, AND ALUMINUf1 IN SPOIL FRDr>1 SELECTED 
STRIP MINE SITES, CAMPBELL COUNTY, TENNESSEE 

Average 
Observations Concentration 

Non- Non-
Spoil Vege- vege- Vege- vege-
Depth tated tated tated tated Difference Si gnificance 

Phosphorus 

em no. no. ..eE!!! ppm ppm .05 .01 

0- 5 12 12 7 3 4 NS NS 
10-15 12 12 18 9 9 S NS 
25-30 12 12 27 17 10 NS NS 

Composite 36 36 17 10 7 S NS 

0- 5 12 12 6 7 1 NS NS 
10-15 12 12 31 24 7 NS NS 

. 25-3'0 12 12 36 25 11 NS NS 
Composite 36 36 24 19 5 NS NS 

0- 5 10 10 7 6 1 NS NS 
10-15 10 10 8 6 2 NS NS 
25-30 10 10 10 6 4 NS NS 

Composite 30 30 8 6 2 NS NS 

0- 5 6 6 11 12 1 NS NS 
10-15 6 6 29 17 12 NS NS 
25-30 6 6 25 33 8 NS NS 

Composite 18 18 22 20 2 NS NS 

0- 5 6 6 18 17 1 NS NS 
10-15 6 6 23 11 12 NS NS 
25-30 6 6 28 15 13 NS NS 

,!:omposite 18 18 23 14 9 NS NS 

0- 5 6 6 17 11 6 NS NS 
10-15 6 6 17 11 6 NS NS 
25-30 6 6 17 11 6 NS NS 

Composite 18 18 17 11 6 NS NS 

0- 5 8 8 21 41 20 NS NS 
10-15 8 8 24 51 27 NS NS 
25-30 8 8 42 37 5 NS NS 

Composite 24 24 29 43 14 NS NS 
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TABLE 9 (continued) 

Average 
Observations Concentration 

Non- Non-
Spoil Vege- vege� Vege- vege-

Area De�th tated tated tated tated Difference Significance 

Iron 

no. no. ppm ppm ppm .05 .01 

1 0- 5 12 12 90 72 18 NS NS 
10-15 12 12 106 299 193 S S 
25-30 12 12 115 381 266 S S 

Com�osite 36 36 '104 250 146 S S 

2 0- 5 12 12 61 106 45 S NS 
10-15 12 12 61 458 397 S S 
25-30 12 12 87 446 359 S S 

Composite 36 36 70 337 267 S S 

3 0- 5 10 10 17 32 15 NS NS 
10-15 10 10 10 43 33 S NS 
25-30 10 10 6 32 26 S NS 

Composite 30 30 11 36 25 S S 

4 0- 5 6 6 53 70 17 NS NS 
10-15 6 6 58 173 115 S NS 
25-'30 6 6 84 96 12 NS NS 

Composite 18 IS 65 I13 48 S NS 

5 0- 5 6 6 167 258 91 NS NS 
10-15 6 6 120 349 229 S NS 
25-30 6 6 93 339 246 S NS 

ComQosite 18 18 135 341 206 S S 

6 0- 5 6. 6 25 171 146 NS NS 
10-15 6 6 14 157 143 NS NS 
25-30 6 6 9 161 152 NS NS 

ComQosite 18 18 16 163 147 5 NS 

7 0- 5 8 8 118 514 396 S S 
10-15 8 8 73 554 481 S S 
25-30 8 8 79 655 576 S S 

ComQosite 24 24 90 574 484 S S 



3 3  

TABLE  9 (continued ) 

A verage 
O bservatio ns Concentratio n  

Non- Non-
Spoil Vege- vege- Vege- vege-

A rea Depth tated tated tated tated Difference Signi ficance 

A l uminum 

cm no . E£!!!. E£!!!. £2.1!! . 05 . 0 1  

1 0- 5 12 12  125 90 35 NS NS 
10- 15 12 12  2 1 3  302 89 NS NS 
25- 30 12 1 2  1 2 3  30 1 178 S NS 

Composite 36 3 6  154 2 3 1  77 S NS 

2 0- 5 12 12 153 184 3 1  NS NS 
10- 15 12 12  199 4 18 219 S S 
25-30 12 1 2  202 349 147 S NS 

Composite 36 3 6  185 3 17 132  S S 

3 0- 5 10 10 273 424 1 5 1  S NS 
10- 15 10 10 265 432 167 S NS 
25- 30 10 10 3 0 1  3 85 84 NS NS 

Com�osite 30 30 . 280 414 134 S S 

4 0- 5 6 6 258 447 189 NS NS 
10- 15 6 6 2 36 515 279 NS NS 
25- 30 6 6 358 399 4 1  NS NS 

Comp osite 18 18 284 453 169 NS NS 

5 0- 5 6 6 2 6 1  682 42 1 S S 
10- 15 6 6 187 523 336 S S 
25- 30 6 6 1 9 1  452 2 6 1  S S 

Composite 18 18 2 13 552 339 S S 

6 0- 5 6 6 2 35 770 535 S S 
10- 15 6 6 156 665 509 S S 
25-30 6 6 132 566 434 S NS 

Composite 18 18 174 667 493 S S 

7 0 - 5 8 8 243 501 258 S NS 
10- 15 8 8 145 438 293 S S 
25-30 8 8 156 445 289 S S 

Composite 24 24 181 46 1 280 S S 
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th i s  stu dy .  Al l spoils sampl es exceeded the mi nimum ( 2 ppm ) whi ch 

cou l d resul t i n  i ron defi ci ency as i ndi cated by Ol son (1965) . Even 

though concentrations to 655 ppm i ron ( Tabl e 9) occurred in  non

vegetati on spoils, tox i c  level s were probab l y  not reached, as some 

soi ls may contain 50,000 ppm i ron wi th no apparent tox i city probl ems 

(Mu rphy and Wal sh 1972) . Pl ant uptake or l ow i ron concentrati ons i n  

the overburden are two possib l e reasons for the l owe r i ron content of 

spoi l under vegetati on. 

Al umi num 

Nonvegetated spoi l s  contai ned more al umi num ( p = . 05) than 

vegetated spoi l s  i n  areas whi ch had not been l imed and fe rti l i zed 

( Areas 3, 5 ,  6, and 7) ( Tabl e 9) . Limed areas were not di fferent 

( p = . 05) at the 0-5 cm sampl ing depth but h ad di fferences i n  amounts 

of alumi num i n  bare spoi l equ al to or greater than ( p = .05) those 

under vegetati on at l ower sampl i ng depths .  However, where al l pl ots 

were tested col l ect ively by sampl i ng depth , at each depth ( Tabl e 8) 

w ith non vegetated spoils contain i ng more avai l abl e al umi num than 

vegetated ( p = .01). Al uminum toxi ci ty is  due i n  part to ( 1 ) concen

trations of other i ons , (2) susceptibi l i ty of the species , and ( 3) sol u

bi l i ty as a functi on of pH (Brady 1974, Bl ack 1968, Pratt 1966) , so that 

determi nati on of i ts speci fic effect i s  di ffi cu l t .  Two pl ots con

tai ni ng Festuca arundi nacea Schreb . h ad the most (95%) and l east (5%) 

vegetati on cover, w ith an average for al l - spoi l depths of 496 and 369 

ppm extractabl e al umi num and pH l evel s of 3 . 4  and 4.2 , respecti vel y .  
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Manganese 

In the c ompos i te an a l ys i s  o f  a l l pl ots � nonvegetated spoi l had 

as much man ganese as or  more manganese than vegetated pl o ts ( Tab l e  1 0) . 

Labanaukas ( 1 9 66 ) s tated that s oi l s  h a vi ng 1 00 ppm or more manganese 

were adequ ate for mos t  crops , whi l e  21  ppm or l ess prod uced defi c i en cy 

symptoms . Manganese con centrat i ons on vegetated p l ots were i n  the 

defi c i ent ran ge at al l sampl i ng depths ( Tab l e 1 0 ) . 

No  d i ffe rences ( p  = . 05) between  vegetated and bare s po i l s  were 

found when each area was tested i ndepe n dent ly  ( Tabl e 1 1 ) .  Al l a reas 

conta i ned  l ess  than tox i c  amou n ts at each s amp l i n g poi nt , w i th th ree 

areas ( 1 , 2 ,  and 3) i n  the de fi ci en t  ran ge ( Ta b l e  1 1 ) .  

Man gan ese defi c i ency i s  there fo re suspect as a caus e  o f  the 

l i tt l e  p l ant producti v ity on ba rren mi ne s poi l s .  

Z i n c  

Z i nc i n  both t h e  compos i te spo i l  ana l ys i s ( Tabl e 1 0 )  a n d  when 

the s even areas ( Tab l e 1 1 )  were i nd ependen t l y  tested was present in 

amounts n e i ther  defi c i en t  ( 4 . 00 ppm) nor tox i c  ( 1 00 ppm) ( Chapman 

1 966b ) . As i nd i cated i n  b oth types o f  ana lys i s ,  there wa s as mu ch or 

more z i nc i n  non vegetated spoi l s  as ;n vegetate d s poi l s  ( p  = . 05 )  

( Tab l es 1 0  a n d  1 1 ) .  O f  the t h ree  so i l depths  s t ud i e d , the s u rface 0 -5 

cm was l east  l i ke ly  to have d i fferences (Tab l e 1 0 ) . 

Penetrat i on and  Moi stu re 

Penetrat i on res i s tance between ve getated and nonvegetated 

spo i l s  was measure d  at al l pl ots . When cons i der i n g  a l l pl ots , 

re s i stances were greatest ( p  = . 01 )  on non veget ated spo i l s  



TABLE 1 0. MAN GANESE AND ZINC  I N  SPOI L FROM VEGETATED ( V) 
AND NONVE GETATED { N }  STRI P MIN E  SI TES , CAMPBELL 

COUNTY , TEN NESSEE 

Average Di fferences 
Spo i l  Concentrati on i n  100 Pa i red Si gn i fi cance 
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Mi neral Deeth V N Observat i on s  of Di fference 

cm £E!!! .P.P.1!! .P.P.1!! . 05 . 01 

��a n9anese 0- 5 26 38 1 2  S S 
10-15  34  33  1 NS NS 
25-30 30 38 8 S NS 

Z i nc 0- 5 1 1  1 3  2 NS NS 
10-15  9 13  4 S NS  
25-30 8 13 5 S S 



TABLE 1 1 .  ftlAN GANESE AN D ZINC IN SPOIL FROM SELECTED STRIP 
MINE  SITES, CAMPBELL COUNTY, TENNESSEE 

Average 
Observati ons Concentrati on 

Non- Non-
Spo i l  Vege- vege- Vege- vege-
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Area De2tn tated tated tated tated Di fference S i gn i fi cance 

Manganese 

....fL no. no . � � � .05 .01 

1 0- 5 12 12 8 - 4  4 NS NS 
10-15 12 12 27 19 8 NS  NS 
25-30 12 12 22 25 3 NS  NS 
ComEosi te 36 36 19 16 3 NS NS  

2 0- 5 12 -12 14 11 3 NS NS 
10-15 12 12 35 26 9 NS NS 
25-30 12 12 24 32 8 NS  NS 
Com�o s i te 36 36 24 23 1 NS  NS  

-< 0- 5 10 10 17 20 3 NS  NS .... 

10-15 10 10 15 22 7 NS  NS  
25-30 10 10 17 16 1 NS  N S  
Com�os;te 30 30 16 19 3 NS NS  

4 0- 5 6 6 39 66 28 NS  NS 
10-15 6 6 51 72 21 NS NS 
25-30 6 6 56 64 8 NS  NS  
Compos; te 18 18 49 67 18 N S  NS 

5 0- 5 6 6 31 79  48 NS NS 
10-15 6 6 42 45 3 NS NS  
25-30 6 6 30 62 32 NS NS 
ComJ;!osi te 18 18 34 62 28 S NS 

6 0- 5 6 6 39  52 13 NS  NS 
10-15 6 6 37 32 5 NS NS 
25-30 6 6 29 35 6 NS NS  
Com�os;te 18 18 35 40 5 NS NS 

7 0- 5 8 8 36 26 10  NS N S  
10-15 8 8 43 25 18 S NS 
25-30 8 8 32 34 2 NS NS 
ComQos-i te 24 24 37 28 11 NS  N S  
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TAB LE 1 1  (cont i nued)  

A verage 
O bservati ons Concentrati on 

Non- Non-
Spoi l Vege- vege- Vege- vege-

A rea De�th tated tated tated tated D i fference S i gni ficance 

Z i nc 

cm n o .  n o .  E£!!! E£!!! .E£!!!. . 05 . 0 1 

1 0- 5 12  12 5 5 0 NS NS 
10- 15 12  12 7 10 3 S NS 
25- 30 12  12 8 1 1  3 NS NS 
ComQos i te 36 36  7 8 1 NS NS 

2 0- 5 12  12  5 7 2 NS NS 
10- 15 12  12 8 8 0 NS NS 
25- 30 1 2  1 2  7 10 3 NS NS 
Compos ite 36  36  7 9 2 NS NS 

3 0- 5 10 10  6 1 3  7 NS NS 
10- 15 1 0  1 0  6 25 19  NS  NS 
25- 30 1 0  1 0  8 13  5 NS NS 
Com]2osite 30 30 7 17  1 0  NS NS 

4 0- 5 6 6 8 1 7  9 NS NS 
10- 15 6 6 8 1 1  3 NS NS 
25- 30 6 6 8 1 3  5 NS NS 
Com2os ite 18  1 8  8 14  6 S NS 

5 0- 5 6 6 6 16  10 S NS 
10-15 6 6 1 1  14  4 NS NS 
25-30 6 6 8 12  4 NS NS 
ComQos ite 18  18  8 14  6 S S 

6 0- 5 6 6 1 1  32  21 S NS 
10- 15 6 6 10  26  16  S NS 
25- 30 6 6 6 26 20 S NS 
COITIQos ite 18  18  9 28 19 S S 

7 0- 5 8 8 8 1 1  3 NS NS 
10-15 8 8 8 14  6 S S 
25-30 8 8 8 1 3  5 S NS 
ComQosi te 24 24 8 1 3  5 S S 



(Tables 1 2  and l3) .  There were no d i fferences i n  spoi l moi sture 

(p = . 05 ) between vegetated and nonvegetated spoi ls when measure

ments were made (Table 1 4 ) . 

The degree to wh i ch compact ion of spoi l becomes li mi t ing 

depends on many parameters i nclu ding moisture , textural class, 

physi cal and chemi cal Irfeathering of materi als ,  and the degree of 

spoi l scari fi cati on in prepari ng the seed bed. 
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Spoi l color ranged from strong brown ( 7 . 5  YR 5/6 ) to l i ght  

gray ( 5  Y 7/2 ) when moi st , and redd i sh yellow ( 7 . 5  Y R  8/4) to pale 

yel l ow ( 5  Y 7/3) when ai r dry. Hue vari ed li ttle between nonvegetated 

and vegetated pa rts of plots. However , there were some d i fferences 

between areas . 

The value and chroma of spoi l color were used by Smith , et al. 

( 1 974 ) as i ndi cators of lime req uirements for spoi ls. Values of three 

or less are i nd i cators of carbon contai ni ng rock (carboli ths) wh i ch 

often contai n  appreciable amounts of sulfur and may be a source of 

extreme aci d i ty. Chroma may indicate di fferences between weathered 

and nonweathered materi al. Chroma of 3 or more may i nd i cate weatheri ng 

of pyri tes (and therefore iron oxi dation has taken place) wh i le that 

of 2 or l ower may i nd i cate i ron i s  not present or ; s found i n  reduced 

forms wh i ch may present aci d i ty prob lems . 

Color values of all samples were 3 or more (Table 1 5) i ndi cati ng 

that carboli ths probably were not present . 

In nonvegetated spo; 1 a chroma of 2 or less was found ; n 84% 

of the composite samples and was 83% or greater in all areas except 



40 

TAB LE 1 2 .  PENETROMETER MEASUREMENTS IN SPOIL ( 0 -8 CM) AT 
SELECTED STRIP MINE SITES , CAMPBELL COUNTY , 

TENNESSEE 

Average 
Observati ons Resistance 

Non- Non-
Vege- vege- Vege- veoe-

Area tated tated tated tated Di fference Signifi cance 

no . no . no. kg/cm2 kg/ cm2 kg/cm2 . 05 . 01 

1 18 18 45 . 64 63 . 1 3  17 . 49 S S 

2 18 18 49 . 55 60 . 35 10 . 80 S NS 

3 15 15  41 . 19 52 . 32 1 1 . 13 S NS 

4 9 9 46 . 89 70 . 63 23 . 74 S S 

5 9 9 2 5 . 44 47 . 1 3  2 1 . 69 S NS 

6 9 9 23 . 9 5  42 . 58 18 . 6 3  S S 

7 12 12 29 . 12 52 . 31 2 3 . 19 S NS 

Total 150 150 34 . 39 50 . 89 16 . 50 S S 



A rea 

no . 

1 
2 
3 
4 
5 
6 
7 

TABLE 1 3 . PENETRO METER MEASUREMENTS AND  MOISTURE I N  S PO I L  
( 0 -8 CM) FROM VEGETATE D AND N ONVEGETATED STRI P MINE 

SITES , CAMPBE LL CO UNTY , TENNESSEE 

O bservati ons 
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Per Value Vegetated Nonvegetated 
Vegetated Nonvegetated Resistance Moi sture Res istance Moi sture 

n o .  n o . kg/ cm2 % kg/cm2 % 

18 18 45 . 64 1 0 . 4 1  63 . 13 9 . 99 
18 18 49 . 55 10 . 48 60 . 35 9 . 26 
1 5  1 5  4 1 . 19 8 . 69 52 . 32 9 . 1 1 
9 9 46 . 89 9 . 26 70 . 63 8 . 24 
9 9 25 . 22 1 1 . 54 47 . 13 1 1 . 7 9  
9 9 23 . 95 1 3 . 23 42 , 58 1 3 . 1 1 

12  12  29 . 12 1 1 . 96 52 . 3 1  12 . 70 
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TABLE 1 4 . �10ISTURE IN SPOIL ( 0-8 CM) FROM SELECTED STRIP 
MINE SITES, CAMPBELL COUNTY, TENNESSEE 

Average 
Observati ons Moisture 

Non� Non-
Vege- vege- Vege- vege-

Area tated tated tated tated Difference Significance 

n o. no. no. % % 0/ . 05 . 01 ,. 

1 18 18 10 . 40 9 . 95 . 45 NS NS 

2 18 18 10 . 46 9 . 22 1 . 24 NS NS 

3 1 5  1 5  8 . 67 9 . 13 . 46 NS NS 

4 9 9 9 . 23 8 . 24 . 99 NS NS 

5 9 9 1 1 .  53  1 1 .  76  . 23 NS NS 

6 9 9 13 . 23 1 3 . 08 . 1 5 NS NS 

7 12  12  1 1 . 98 1 2 . 68 . 70 NS NS 

Total 150  150 11 . 58 1 1 . 00 . 58 NS NS 



Area 

1 
2 
3 
4 
5 
6 
7 

TABLE 1 5 . COLOR VALUE AND CHRO MA OF DRY S POILS IN STRIP MINE SITES , 
CAMPBELL COUNTY , TENNESSEE 

Value Chroma 
Observat i ons 3 or Les s 2[: or More 2 o r  Less  

Non- Non- Non- Non-
Vege- vege- Vege- vege- Vege- vege- Vege- vege-
tated tated tated tated tated tated tated tated 

.!lQ.:... n o. % ..!... % % % 

7 Sel ected Areas 

36 36 0 0 1 00 1 00 64 89 
36 36 0 a 1 00 lOa 36 lOa 
30 30 0 0 1 00 lOa 1 0  6 3  
1 8  1 8  a a l Oa 1 00 89 l aO 
1 8  1 8  a 0 lOa 1 00 83 1 00 
1 8  1 8  a 0 lOa 1 00 33  83 
24 24 0 a 1 00 1 00 38 96  

Ave rage a a 1 00 lOa 50 90  

Al l Observati ons 

300 300 a a 1 00 1 00 48 84 

3 or More 
Nan-

Vege- vege-
tated tated 

.1.. % 

36 1 1  
64 0 
90  37  
1 1  0 
1 7  0 
67  1 7  
62  4 

50 1 0  

52 1 6  

..p. 
w 



area 3 (Table 1 3) .  I n  spoi l unde r  vegetation , the ch roma divisions 

suggested by Smith , e t  a l . ( 1 974) ·we re equa l ly divided with 48% 

having ch roma of  2 or less and 52% having ch roma of  3 or  more 

(Tabl e  1 5 ) .  

G reater iron concent rations ( Table 9, page 31 ) occurred in  

n on vegetated spoil than in spoil under vegetation which gives 

validity to "chroma ll as an indicato r of red uced forms of i ron  in  the 

spoil s unde r  investigati on . 

Tempe ra tu re 
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Spoil tempe ratures were higher on bare than on vegetated spoil 

surfaces (Table 1 6 ) . Bare spoil temperatures were from 38° to 54° C 

(median = 46° C )  whi 1e  under vegetation they were from 29 ° to 42°  C 

(median = 36° C) . Diffe rences on  indi vidual p l ots were from 6 °  to  

1 8° C .  

Normal temperature l imits o f  45° t o  55°  C for plant growth 

( Levitt 1 972 )  we re exceeded on ba re spoil at O llis Creek and c onse

quently may induce high temperat ure inj u ry to young plants .  Such 

tempe ratures may also p reclude establishment by most vol unteer species . 

The question remains , h oweve r !  as to  how plants became establ ished on 

a reas which were bare p rior to the establ ishment of vegetation . 

Interacti ons 

The avai l abil ity of nutrients to p l ants depends upon many 

p hysical and chemical factors .  I n  some o f  the areas whic h were 

studied , the additions  of  l ime and other  amendments were intended to 

al l e viate deficiencies and toxicities , and decrease soil acidity. 
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TAB LE 1 6 .  SPOIL  TE �tPE RATURES ON VEGETATED AND NONVEGETATED STRI P 
MINE S I TES , CAMPBEll COLINTY , TENN ESSEE  

Surface 
Non ... 

Pl ot As�ect Sl oee Ambient vegetated Vegetated Di fference 

n o .  % °c °C 1 °C
1 °c 

1 305 10 29 49 31 18 
2 0 29 48 33 1 5  
3 240 1 2  2 9  44 29 15  
4 90 13  29  44 32 1 2  
5 260 13 29 48 32 16 
6 300 4 29 46 31 15 
7 335 2 27  40 32 8 
8 312  6 27  42 29 1 3  
9 323 20 27 49 31 18 

10 349 2 27  39 29 10 
1 1  81 1 27 42 29 13 
1 2  44 7 27  43 3 1  12  
1 3  278 5 27  38 29 9 
14  240 5 28 43 37 6 
1 5  172 18 28 50 39  1 1  
16  233 9 28 49 37 12 
17  47  10  27 39 3 1  8 
18 17 1 1  2 7  36 28 6 
19  100 1 29 48 38 10 
20 275 4 29 50 42 8 
2 1  164 15  29  50 38 1 2  
2 2  3 1 8  10 29 48 39 9 
23 208 14 29 5 1  38  1 3  
24 163 7 29 53 38 1 5  
25  0 29  50 37 13 
26 188 6 29 49 39 10 
27 0 29  50 39 1 1  
2 8  85 2 29 51 38 1 3  
29 385 3 29  54  37  17  
30 0 29 52 38 1 4  
3 1  274 1 29 50 38 12  
32 64 4 29  5 1  3 5  16  
33  83 4 29  54 35  1 9  
34 328 3 29 50 38 1 2  
3 5  1 50 2 29 50 36 14  
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TABLE 1 6  ( continued) 

Surface 
Non-

Plot ASQect SloQe Ambi ent vegetated Vegetated Di fference 

no . % °el °e1 °e 

36 1 1 7  1 5  28 52 37 15 
37  99 14 27 50 39 1 1  
38 1 47 8 27 48 39 9 
39  82  2 27  49 35 1 4  
40 1 58 2 27  44 36 8 
4 1  252 3 27  51  37  14  
42 1 60 4 25 39 31 8 
43 3 10  3 25  37  30 7 
44 357 7 25  37  29  8 
45 0 25  33  27  6 
46  123 17  27  45  36 9 
47  96  3 25 39 32 7 
48 1 25 2 25 3 9  34 5 
49 202 6 25 42 32 1 0  
50 1 26 9 27 4 9  34 1 5  

lEach temperature value is an a verage of th ree observati ons. 
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Wti i l e  these treatments may h a ve had  pos i t i ve i n fl uences on the  ava i l a 

b i l i ty of  some el ements , they undoubtedl y dec reased a va i l abi l i ty of  

oth e rs . 

One of the prima ry goa l s  of l i mi ng i n  recl amati on i n  the 

eastern U n i ted States i s  to rai se  the  pH of  s po i l s  to opt imal  l eve l s  

for most farm c rops . As a res u l t ,  l ime appl i cati o n  rates us ual ly 

h ave been s et i n  most  states by pH va l ues ( Adam and Pea rson  1 967) 

wi th  l i ttl e rega rd to other  so i l paramete rs .  I n  th i s  study pre- and 

pos t-samp l i n g  ( 46 metri c tons/hectare do l omi t i c  l i me appl i cat i on ) i n  

s poi l fe rt i l i zed wi th 46 met ri c tons of do l omi t i c  l ime per hectare 

( areas 1 ,  2 ,  and 4 ) resu l ted i n  a l arge i nc rease of pH at the s urface 

( 4 . 1 3  to 6 . 55 ) and s l i gh t  i ncreases at l owe r sampl i n g  depth s ( Tabl e 

1 7 ) , produci ng  substant i a l i ncreases i n  amounts of cal c i um and 

magnes i um .  Inc reases i n  potass i um were a l s o found , presumab l y  from 

dol om i t i c  l i mestone ( Tabl e 1 7 )  ( Barber  1 967 ) . Limi ng  i ncreased con

cent rat i on s  of ca l ci um ,  magnes i um ,  and pota s s i u m  from very l ow or  l ow 

ran ges  t o  medi um or h i gh ran ges of a va i l abi l i ty for pl ant g rowth . 

As the  amount of hydrogen i on s  i n  so i l i ncreases , the total  

supp l y  of ca l c i um u sua l l y  decreases , as  does i ts avai l ab i l i ty to 

pl ants ( Chapman 1 966a ) . Th i s  is a l s o  true when excess a l umi num i s  

p resent i n  the p l an t root en vi ronJT"ent ( B l ack 1 968) . �Jhen ca l c i u m  and 

magnes i um are re pl aced by hydrogen i on s , the so l ubi l i t i e s  of  man ganes e ,  

al umi n um ,  and i ron i ncrease , and w i t h  i n c reased sol ubi l i ty ,  i n s ol ubl e 

phosphoru s  compounds are formed usua l l y  i nc o rporat i n g  i ron and 

a l umi num. Jackson ( 1 967 ) noted a s o i l  wh i ch h ad a comb i nati on of 

magnes ium  and mol ybdenum defi c i en ci es a s  we l l as  manganese and 
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TABLE 1 7 .  S POI L PROPERTI ES BE FORE AND AFTER L I MING  AN D 
FERTI L I ZATI ON . CAMPBELL COUNTY , TENNESSEE 

S po i  1 
Property Depth ( cm ) 

Hydrogen- I on 0- 5 
Acti vi ty 1 0- 1 5 

25-30 
Average 

0- 5 
I�agnes i um 1 0- 1 5  

25-30 
Average 

0- 5 
Cal c i um 1 0- 1 5 

25-30 
Average 

0-' 5 
Potas s i um 1 0- 1 5  

25-30 
Average 

Before 
Treatment 

I n  Seguence 
After 

Treatment 

- - - - - - - - - - - - - pH - - - - - - - - - - - - - - - -

4 . 1 3  6 . 55 
4 . 1 7  4 . 75 
4 . 33 4 . 73  
4 . 2 1 5 . 33 

----- --- ----ppm------ ----------
56 2 1 6 
43 2 1 7 
65 260 
55 231  

- -- - --- ---- -ppm----------- -----
1 1 1  2409 
1 38 1 279  
1 49 1 507 
1 66 1 904 

-- - - - -- - - - --ppm------------- ---
9 84 

1 0  6 1  
1 2  6 2  
10 69 
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aluminum toxicities . Liming " alleviated these difficulties but induced 

a boron deficiency. 

Potassi um, under acid conditions , may be lost in great amounts 

by leaching. The addi tion of calcium S i gnificantly reduces this 

loss by ( 1 ) replacing exchangeable aluminum by calci um and ( 2) i n

creasing the cati on-exchange capaci ty ,  therefore increasing exchange

able potassium by a mass-action effect (Slack 1968). 

In soils which have sulfide and other sulfur compounds i n  

abundance ,' calcium may be solubilized and be leached from the spo i l. 

Where o xidation of  sulfides is high, little or no change i n  pH will be 

noted (Sutton 1 973) . 

With particles o f  lime , particularly dolomitic limestone , 

strong absorption of  zinc ions occurs . It has been hypothesized that 

the zinc ion reacts with the magnesium o f  d olomitic limestone and 

replaces the magnesium ion in the crystalline structure {Buckman and 

Brady 1 969 }, thus reducing its availability. 

Recommendations for lime amendments on stri p mine land have 

been made by Smith (l974) . The methodology utilizes percent sulfur 

present in spoils times a constant to estimate the number of tons of  

calcium carbonate per thousand tons of  material necessary to  neutralize 

the potential acidi ty o f  spoil . This procedure does not give considera

tion to plant nutrient availability. 

The presence o f  soluble iron has been noted .in many water 

drainage areas o n  and below the Ollis Creek Mine. The spoil samples 

analyzed also have shown that iron was one of  the most abundant 

elements investigated (Table 9 ,  page 31) . The effect of iron in hi gh 
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con centrati ons in spoi l wh i ch a re subsequent ly  absorbed by pl ants may 

h ave an e ffect  on the man ganous i on .  Th i s  anta gon i st i c  rel a t i onsh i p  

between i ron  and  man ganese ( genera l l y  wri tten as the  i ron-man ganese 

rati o) i n  p l an ts  i ndi cates that an exces s of one el ement coul d i nduce 

a defi c i ency o f  the  other .  Hewi tt and  Smi th ( 1 9 74 )  n oted the 

mech an i s m  i n  pl ants by whi ch the man ganous i on is oxi di zed  to a 

short-l i ved t ri val ent  form ( mangan i c ) , wh i ch i s  n ot useabl e by pl ants . 

a n d  then stabi l i zed by a phos phate .  Thus , i ron can  p roduce a man ganese 

defi c i en cy wh i ch has symptoms i n  pl ants eas i l y  con fus ed wi th i ron 

defi c i ency ( Labanaukas 1 966 ) . I ron accumul ati on i n  p l ant roots and 

s tems c an be  i nduced by a defi ci en cy i n  potas si um ,  res u l t i ng i n  i ron 

defi c i ency c h l o ros i s .  Th i s  e ffect is l i nke d \'ii th ph osphorus 

me tabol i sm .  The enzyme system i n vol v i n g  phosph o rus uti l i zati on 

( ATP p roduct i on and uti l i zati on )  i s  dependent upon enzymes wh i ch 

c on ta i n  potas s i um .  The acc umul ati on o f  i ron i s  rel ated  t o  the 

bu i l d-up  of  i no rgan i c  phospho rus in  the t i s s ue . wh i ch i mmob i l i zes 

the i ron ( H ew i tt and Smi th 1 974) . 

Phos phorus i n te ract i ons \tl i th va ri ous el ements ha ve been we 1 1 -

documented . On ac i d  stri p mi n e  s poi l s ,  the tendency o f  a l umi n um and  

i ron hyd roxi des to  react with ph os phate i on s  i nc reases wi th i nc reas i ng 

ac i d i ty to  form i n so l ub l e  a l umi n um and  i ron phosphates resul ti ng i n  

l e ss p l an t-avai l abl e phosph ate . E ven though i ron act s  a s  an aci d i c  

e l ement ( undergoes hydro1 i z at i on y i e l d i n g  hydrogen i on s )  a t  l ow pH 

l e ve l s  ( c a .  3 . 0) , al umi n um i s  the ac i d i c  metal l i c  e l ement of most 

ac i d  s oi l s .  Sol ub l e a l umi nu m  i nc reases rapi dl y  as  the pH l evel s 

dec rease be l ow 4 . 7  ( McLean 1 976) . I n  gene ral , a l umi num phosphates 
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a re more sol ubl e than i ro n  phosphate s .  I ncreas i ng p H  a n d  cal ci um ,  by 

l i mi n g ,  res u l ts i n  a sl i ght  dec rease i n  the abundance o f  a l umi n um and  

i ron phosphates and st imul ates the formati on of avai l abl e c al ci um 

phosphates ( McLean 1 976)  wi th subsequent p rec i p i tat i on o f  al umi num as  

a hyd roxi de [Al ( OHhJ .  

Newl y-fo rmed al u mi num  phos phates are rel ati vel y  u nstab l e and 

the phos pborus i s ,  the refore , more a va i l abl e to p l ants . HO\'leve r ,  

"ag i ng"  ren de rs phos phate m uch l ess  avai l ab l e  t o  p l ant  a bs orpti on 

because the a l umi num phos phate may e i ther  c rysta l l i ze formi n g  

A1 P04 , 2H20 ,  o r  revert to a l es s  so l ubl e i ron phos phate ( McLean 1 976 ,  

Brady 1 9 74 ) . 
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V .  SUMMARY AND C O NCLUS I O NS 

Analyses o f  vegetated and nonvegetated sp oil indicated t hat 

t hey contain l ow concentrations of nut rients . Mine ral elements in  

the range of  deficie ncy included potassium, phosphorus, manganese , 

and zinc . A ggravati on o f  potential deficiencies can be brought 

abput by t hei r interactions with othe r elements in the spoil . 

Aluminum and iron were found in amounts which were neither 

deficient nor toxic, but low pH levels increased t hei r solubility . 

Their inte ractions at low p H  with othe r ions such as p otassium, 

p hosphorus , zinc, calcium, and manganese may contribute to  low 

spoil p roductivity . Fo r example, soluble aluminum readily reacts 

with phosphates .fo rming insoluble al uminum phosphates (G rime and 

Hodgson 1 9 69 ) . De ficiencies in potassium may cause an inc rease i n  t he 

amounts o f  inorganic phosphates within a . plant , which , in  turn, may 

combine with i ron ( Hewitt and  Smith 1 9 74 ) and render p h osphorus 

unavailabl e  for plant growt h . In  severe cases, evidences o f  i ron 

phosphorus immobilization have been found  in t he vascular system o f  

ce rtain c hlorosis-susceptible p1ant species i n  the form o f  i nsoluble 

ferric phosphates (Wool house 1 969 ) . 

Applications o f  dolomitic limestone increased t he availability 

o f  cal cium , magnesium, and potassium, as well as t he pH of surface 

spoi l s .  I ncreases i n  cal cium a lso decrease man ganese availability .  

Dolomit ic  magnesium and manganese a re metabol ically antagonistic t o  

one anot he r (Boswell and Bl ount 1 9 72 ) .  They supp ress uptake and use 

by plants o f  one another as wel l  as compete for acti vation sites 
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wi th i n  the pl ant . Zi nc i s  abso.rbed i nto.  the crystal l i ne structure · 

af dal ami t i c  l i mestone ( repl aci n g  magnes i um) and consequentl y ,  z i nc 

s al ubi l i ty i n  the soi l i s  decreased by excess use of dol omi t i c  l i me

stane ( Baswel l and  B l ount 1 972) . L imi ng can i nh i b i t the uptake o f  

bath i ron and manganese by reduc i n g  sol ubi l ity and canvers i an of  

manganese to  a stabl e form , res ul t i ng i n  immob i l i zat i on .  I t  i s  

i nteresti ng  to. note that even under these cond i t ian s , the i nh i b i ti on 

o f  manganese u ptake by i ron i s  st i l l  i n  evi dence ( Jackson 1 967 ) . 

Ava i l a bl e  n i t ro gen was assumed to. be at a ve ry l ow l evel when 

th i s  s tudy was unde rtaken and ,  the refore , i s  cons i dered l i mi t i ng . 

Addi t i ons  of  n i t rogen shau l d be made to  the mi ned a rea duri n g  the 

revegetati on stage of recl amat i an .  

I n  genera l , most  nutrient l e ve l s  nee d to be i ncreased i n  the 

s poi l .  Ca ut ion shaul d be taken du ri ng the appl i cation  af dol omi ti c 

o r  other  types o f  l i me to. avo i d  unwanted i nte racti ons . 
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AP PENDIX 



P l ot 

no. 

1 

2 

en 

3 

4 

5 

6 

TABLE 1 8 . COLOR DETE P�INATI ON OF SPOI L FROM PAI RED SAMPLES OF VEGETATED AND NONVEGETATED 
STRI P t�I NE S I TES,  CAMPBELL COUNTY , TENNESSEE 

Muns el l Col or Notation 
Spoil Vegetated Nonvegetated 
De�th �oi st IJr'y R"oi st Dry 

1 2 1 2 1 2 1 2 

0- 5 ·· 5Y 3/ 1 2 . 5Y 3/ 2 5Y 6/ 1 2 . 5Y 6/2 2 . 5Y 3/ 2 5Y 3/2 2.5Y 6/2 5Y 6/ 1  
10- 15 2 . 5Y 4/2 2 . 5Y 3/2  2 . 5Y 6/ 2 2 . 5Y 7/2 5Y 3/2 2.5Y 4/2 5Y 6/2 2.5Y 7/ 2 
25-30 2 . 5Y 3/2 2 . 5Y 3/2  2 . 5Y 6/2 2 . 5Y 6/ 2 5Y 3/ 2 2.5Y 4/2 5Y 7/ 2 2.5Y 6/ 2 

0- 5 10YR 4/4 10YR 4/3 lOYR 7/4 lOY R  7/3 2.5Y 4/2 5Y 4/2 2 . 5Y 6/2 5Y 7/ 1 
5 10Y R 4/3 10YR 4/2  l OY R  8/3 10YR 7/3 10YR 5/ 4 2.5Y 4/2 10YR 7/3 2.5Y 7/ 2 

25-30 10YR 5/6 2 . 5Y 4/2  1 0Y R  7/6 2.5Y 6/2 5Y 3/2 5Y 3/2 5Y 6/ 1 5Y 6/ 1 

0- 5 10YR 4/4 2 . 5Y 6/2 10YR 7/3 2.5Y 8/2 2 . 5Y 3/2 2 . 5Y 3/ 2 2 . 5Y 5/ 2 2 . 5Y 6/2 
10-15 2.5Y 4/4 2 . 5Y 4/ 2 2 . 5Y 7/4 2 . 5Y 8/2 5Y 3/2 10YR 3/3 5Y 6/ 1 10YR 7/3 
25-30 2.5Y 5/4 2 . 5Y 4/ 4 2.5Y 7/4 2.5Y 7/2 10YR 3/3 10YR 4/4 10YR 6/3 l OYR 7/3 

0- 5 5Y 3/2 2 . 5Y 4/ 2 5Y 5/ 1 2 . 5Y 6/2 2.5Y 3/2 5Y 3/ 1 2.5Y 6/ 2 5Y 6/ 1 
10- 1 5  10YR 5/ 6 1 0YR 4/3 10YR 7/4 10YR 7/ 4 5Y 2 / 1  5Y 2/ 2 5Y 6/ 1 5Y 5/ 1 
25-30 2.5Y 4/2 10YR 4/4 2.5Y 7 / 2  l OY R  7/3 5Y 3/ 1 5Y 3/ 2 5Y 5/ 1 5Y 5/1 

0- 5 2.5Y 3/2 5Y 3/ 1 2 . 5Y 6/2 5Y 7/2 5Y 3/ 2 5Y 3/2 5Y 5/1 5Y 6/1 
1 0- 15 2 . 5Y 3/ 2 5Y 3/ 2 2.5Y 6/2 5Y 6/3 5Y 3/ 2 5Y 3/1 5Y 6/ 1 5Y 6/ 1 
25-30 2.5Y 3/ 2 5Y 4/2 2.5Y 6/ 2 5Y 7/ 2 5Y 3/ 2 5Y 3/ 2 5Y 6/ 2 5Y 6/2 

0- 5 5Y 2/2 5Y 2 / 1  5Y 5/ 1 5Y 4/ 1 5Y 3 / 1  5 Y  2/2 5Y '6/ 1  5Y 6/ 1 
10- 15 5Y 2/ 1 5Y 3/ 1 5Y 6/ 1 5Y 6/2 5Y 3/ 2 5Y 3/1 5Y 6/ 1 5Y 6/2 
25-30 5Y 2/2  5Y  3/ 2 5Y 5/2 5Y 6/2 5Y 3/ 2 5Y 3/2 5Y 6/2 5Y 6/ 2 



Spoi l 
P l ot DeQth 

no . em 

7 0- S 
10- 1 S  
25-30 

8 0- 5 
10- 1S  
25-30 

9 0- S 
10- 1 S  
25-30 

10 0- S 
10-1 5  
2 S- 30 

1 1  0- S 
1 0- l S  
2S-30 

12 0- S 
10- l S  
2S-30 

TABLE 1 8  ( conti nued)  

Munsel l Col or Notat ion  
Vegetated 

Pi(')l S't 

1 

2 . SY 4/4 
2 . SY 5/4 
2 . SY 4/ 4 

SY 3/ 1 
SY 3/2 
SY 3/ 1 

2 .  SY 3/2 
2 . SY 4/ 2 
2 . SY 4/2 

2 . SY 4/4 
2 .  SY 3/0 
2 . SY 4/4 

SY 4/4 
10YR  6/ 6 
2 . 5Y S/6 

lOY R  S/8 
1 0Y R  6/8 
10Y R  S/6 

2 
-

2 . SY 4/2 
2 . SY 4/4 
2 . SY 4/4 

SY  2/ 1 
SY 3/2 
SY 3/ 1 

SY 3/2 
2 . SY 4/4 
2 . 5Y 4/4 

2 . SY 4/4 
10YR 4/3 
2 . SY 2/0 

2 . 5Y 4/ 4 
2 . SY 5/4 
1 0YR  S/4 

10YR S/7 
10YR S/6 
10YR S/8 

Dr� 
1 

2 . SY 7/2 
2 . SY 7/4 
2 . SY 7/ 4 

SY S/1 
SY 6/ 1 
SY 6/ 1 

2 . 5Y 7/2 
2 . 5Y 6/2 
2 . SY 6/2 

2 .  SY 7/4 
2 .  SY 5/0 
2 . SY ,6/4 

SY 7/3 
lOY R  7/4 
2 . SY 8/ 4 

10YR  7/ 4 
10YR 8/4 
1 0YR 7/4 

2 

2 .  SY 6/ 2 
2 . SY 7/4 
2 . SY 7/4 

SY 5/ 1 
5Y 6/ 1 
SY S/ l 

SY 6/2 
2 . SY 7/4  
2 . SY 6/4 

2 .  SY 7/4 
1 0Y R  7/3 
2 .  SY 4/0 

2 . SY 7/4 
2 .  SY 7/4  
lOYR 7/3  

1 0YR 7/4  
1 0YR  7/3 
10YR  8/3 

Pichst: 

1 
-

2 , SY 3/0 
SY 2/2 
SY 3/2 

2 . SY 3/0 
SY 3/1 

2 . SY 2/0 

SY 3/ 1 
2 . SY 3/2 
2. SY 4/2 

2 . 5Y 3/2 
2 . SY 3/2 

SY 2/2 

SY 3/ 2 
SY 4/2 
5Y 4/2 

SY 4/ 2 
2 . SY 4/2 
2 . SY 4/2 

Non vegetated 
Or� 

2 1 2 
- -

2 . SY 3/0 2 . SY S/O 2 . SY 5/0 
2 .  SY 3/2 5Y 4/2 2 .  SY 6/ 2 

5Y 3/2 SY 6/ 1 5Y  5/1 

SY 2/2 2 . SY S/O SY 6/ 1 
SY 2/2 SY 5/1 SY 6/ 1 
SY  3/2 2 . 5Y 6/2 SY S/l 

SY  3/2 5Y S/ l SY 6/ 2 
5Y 3/2 2 . SY 6/ 2 SY 5/2 
SY 3/2 2 . SY 6/2 SY 6/2 

SY 3/2 2 . SY 6/2 SY 6/ 1 
2 . 5Y 4/ 2 2 . SY S/O 2 .  SY 6/'2 
2 .  SY 3/2 SY 4/2 2 . SY 6/2 

SY 3/2 SY 6/1 SY 6/1 
5Y 3/2 SY 6/ 1 SY 6/ 1 
SY  3/2 SY 6/1 SY 6/1 

2 . SY 4/2 SY 6/1  2 . SY 6/2 
2 . SY S/4 2 . SY 6/2 2 . SY 7/2 
2 . SY 4/2 2 . SY 6/2 2. SY 6/2 

m 
N 



TABLE 1 8  ( conti nued ) 

Munsel l Col or Notation  
S po i l Vegeta ted Nonvegetated 

P l ot DeQ.th Moi st [)r� Moist Dry 

no . cm 1 2 1 2 1 2 1 2 
- - -

13  0- 5 10YR 5/2 10YR 5/2 10YR 7/ 1 10Y R 7/ 1 2 . 5Y 4/2 5Y 4/2 2 . 5Y 6/2 5Y 7/ 1 
1 0- 1 5  2 . 5Y 4/2 10Y R  4/2 2 . 5Y 6/2  10YR  7/ 1  2 . SY 4/2 2 .  SY 4/2 2 .  SY 6/ 2 2 . SY 6/2 
2 5- 30 5Y 4/2 lOYR S/2 5Y 7/2 lOY R 7/ 1 2 . SY 4/2 2 .  SY 3/ 2 2 . 5Y 6/2 2 . 5Y S/2 

1 4  0 - S 5Y 7/2 SY 4/3 5Y  7/1  SY 6/3 5Y 5/2 ' 5Y 5/2 SY 7/2 5Y 7/2 
10- lS  SY 4/3 SY 5/2 5Y 7/3 5Y 7/2 SY 5/ 1 5Y 5/2 5Y 7/ 1 5Y 7/2 
2 5-30 5Y 4/3 SY 5/2 SY 6/ 3 SY  7/2 SY S/2 SY S/2 5Y 7/1 SY 7/2 

1 5  0- S lOYR 6/6 10YR 5/4 10YR 8/4 10Y R  7/4 2 . 5Y 4/2 2 . SY 4/ 2 2 . 5Y 5/2 2 . SY 6/2 
10- l S  10YR S/4 lOYR 6/6 10YR 7/4 lOYR 7/4 SY 4/ 2 2 . SY 5/4 5Y 6/2 2 . 5Y 7/4 
25- 30 SY 5/6 10YR 7/4 5Y 7/4 10YR 8/3 2 . SY 4/2 10Y R 5/4 2 . 5Y 6/2 10YR  7/3 

16 0- S 10YR S/4 10YR  5/4 10YR 7/4 10YR 7/3 1 0Y R  S/8 7 . 5YR  5/6 10YR 7/4 7 . SYR 8/4 
1O- 1 S  10YR 5/6 2 . SY 4/4 10YR 8/4 2 . SY 7/4 10Y R  6/8 1 0YR  5/8 10YR  8/4 10YR 7/4 
2 S-30 1 0Y R  S/8 10YR S/6 10YR 8/6 10YR 7/4 1 0Y R  5/6 10Y R  S/6 10YR 8/4 10YR 7/4 

17 0- S 10YR S/4 10YR S/6 10YR 8/ 3 lOYR 8/4 10Y R 5/2 2 . SY 4/2 10Y R  6/2 2 . SY 7/2 
10- 1 S  10YR 5/6 10YR S/4 10YR 8/ 4 10YR 8/4 2 . SY 4/4 10YR  4/2 2 . 5Y 7/2 10YR 6/2 
2S-30 10YR S/6 10YR  5/4 10YR 7/4 lOY R 7/4 10Y R S/4. 2 . SY 4/4 10YR 8/3 2 . SY 7/2 

18  0- S 2 . 5Y S/6 2 . SY S/6 2 . SY 7/4  2 . 5Y 7/4 SY 4/4 2 . SY 4/4 SY 7/ 2 2 . 5Y 7/2 
10- lS 10YR 5/8 10Y R  S/ 6 10YR 7/4 10Y R  7/3 SY 4/2 10YR 5/8 SY 6/2 lOYR 7/4 
2 S-30 10YR 6/6 2 .  SY S/6 1 0Y R  7/4  2 . 5Y 7/4 2 . 5Y 4/2 10Y R S/6 2 . 5Y 7/2 lOYR 8/ 3 

0\ 
W 



TABLE 1 8  ( conti nued ) 

Munse l l Col or Notati on 
S poi l Vegetated Non ve�etated 

P l ot  De�th �oist  IJr� �1oi  st Drl 

� em 1 2 1 2 1 2 1 2 

19 0- 5 5Y 4/3 2 . 5Y 4/2 5Y 7/2 2 . 5Y 6/ 2 2 . 5Y 4/2 2 . 5Y 3/ 2 2 . 5Y 6/2 2 . 5Y 7/2 
10- 15  2 . 5Y 4/2 5Y 4/3 2 . 5Y 6/2 5Y 7/3 2 . 5Y 4/2 2 . 5Y 5/2 2 . SY 6/2 2 . 5Y 7/2 
2S-30 5Y 4/3 2 . 5Y 4/2 5Y 7/3 2 .  SY 6/2 2 . 5Y 5/2  5Y 4/3 2 . 5Y 7/2 5Y 6/ 1 

20 0- 5 2 . 5Y 4/2 2 . 5Y 4/2 2 . SY 6/2 2 . 5Y 6/2 2 . 5Y 4/2 2 . SY 4/2 2 . 5Y 6/2 2 . SY 6/2 
10- 15  2 . SY 4/2 2 . 5Y 4/2 2 . 5Y 6/2 2 . SY 7/2 2 . 5Y 4/2  2 . 5Y 4/2  2 . 5Y 6/2 2 . SY 7/2 
25-30 2 . 5Y 4/2 2 . 5Y 4/2 2 . SY 7/2 2 . 5Y 6/2 2 . 5Y 4/2 2 . 5Y 4/2  2/5Y 6/2 2 . 5Y 6/2 

2 1  0- 5 2 . 5Y S/2 2 . 5Y 4/2 2 . 5Y 6/2 2 . 5Y 6/2 2 . SY 3/2 5Y 4/2 2 . 5Y 5/2 SY S/2 
10- 15  SY 4/2 2 . 5Y 4/2 SY 6/2 2 . SY 6/2 · 2 . 5Y 3/2 2 . SY 4/2 2 . 5Y S/2 2 . SY 6/2 
25-30 2 . 5Y 4/2 2 . 5Y 4/2 2 . 5Y 6/2 2 . SY 6/2 2 . 5Y 5/2 2 . 5Y 4/2 2 . 5Y 6/2 2 . 5Y 6/2 

22 0- 5 10Y R  5/6 10YR 5/6 10Y R  7/4 10YR  7/4 2 . SY 4/4 2 . 5Y S/2 2 . 5Y 7/4 2 . 5Y 7/2 
10- 15  10YR S/6 10YR S/6 lOYR 7/6 10YR 7/6 2 . 5Y 4/4 2 . 5Y 4/2 2 . 5Y 6/4 2 . 5Y 6/2 
2 5-30 lOYR S/8 10YR  5/8 10YR  7/6 10YR 7/6 2 . 5Y 5/2 2 . 5Y S/2  2 . SY 6/2 2 . 5Y 6/2 

23 0- 5 5Y 3/2 2 . 5Y 5/4 5Y 6/1  2 . 5Y 7/4 SY 5/2 SY 4/3 2 . 5Y 7/2 5Y 7/2 
1O- 1 S  1 0Y R  5/ 6 10YR S/8 10YR 7/4 10YR 7/4 2 . 5Y 5/4 2 . 5Y 5/ 2 2 . 5Y 6/4 2 . 5Y 6/2 
25-30 10YR 5/4 10YR 6/6 10YR 7/4 10YR 7/3 2 . 5Y 5/4 2 . 5Y 4/ 4 2 . 5Y 7/ 2 2 . SY 7/4 

24 0- 5 2 . 5Y 4/2 2 . SY 4/2 2 . SY 7/2 2 . SY 6/2 2 . 5Y S/4 2 . 5Y 4/2 2 . 5Y 7/4 2 . 5Y 6/2 
10- 15  2 . 5Y 4/2 10YR 3/2 2.  SY 6/ 2 lOYR 7/2 2 . 5Y 4/2 2 . SY 4/2 2 . 5Y 6/2 2 . 5Y 6/2 
25-30 2 . 5Y 3/2 2 .  SY 4/ 2 2 . 5Y 6/2 2 . 5Y 6/2 2 . 5Y 4/2 5Y 4/3 2 . SY 7/2 5Y 7/2 

en 
� 



" 

TABLE 1 8  (cont i n ued ) 

M unsel l Co lor Notati on 
Spoi l Vegetatea Non vegetatea 

P lot Depth Moist Dry Moist Dry 

no . em 1 2 1 2 1 2 1 2 

25 0- 5 5Y S/3 5Y 4/3 5Y 7/3 SY 6/2 5Y 4/ 4 10YR 4/2 SY 7/2 10YR 7/2 
10- 1 S  2 . SY 4/2 SY 4/3 2 . SY 7/2 SY 6 / 1 SY 4/3 SY 4/3 SY 7/2 SY 7/2 
2S-30 2 . 5Y S/2 2 . 5Y 4/2 2 . SY 6/2 2 . 5Y 6/2 SY 4/3 SY 4/3 SY 6 / 1  S Y  7/3 

26 0- S 2 . SY 4/4 2 . SY 4/2 2 . 5Y 7/4 2 . 5Y 6/2 2 . SY 4/2 2 . SY 7/4 2 . SY 6/2 2 . SY 7/4 
10- 1 S  2 .  S Y  4/4 2 . 5Y 4/4 2 . 5Y 7 / 2  2 . SY 6 / 2  2 . 5Y 4/2 2 . SY S/4 2 . SY 6/2 2 . SY 7/4  
25-30 2 . SY 4/4 2 . SY 4/4 2 . 5Y 6/4 2 . 5Y 7/4 2 . 5Y 4/4 2. SY 5/4 2 . 5Y 7/4 2 . 5Y 8/2 

21 0- 5 2 . 5Y 4/2 SY 4/2 2 . SY ' 6/ 2  SY 6/ 1 5Y 4/2 5V 4/2 5V 6/2 5V 5/ 1 
10- 15 5Y 4/2 5Y 5/ 2 SY 6/2 SY  6/1  5Y 4/2 2 . 5Y 4/ 2  S Y  6 / 2  2 . 5V 6/2 
2S-30 5V 4 / 1  2 . SY 4/2 5Y 6 / 1  2 . SY 6/2 SY 4/2 2 . SY 4/2 5Y 6/1  2 . 5Y 6/2 

28 0- S 2 . 5Y 4/4 2. SY 4/ 4 2 . 5Y 6/2 2.SY 7/4 2 . SY 4/2 2 . SY 4/4 2 . SY 6/2 2 . 5Y 6/4 
10-15 2 . 5Y 4/4 lOYR 6/6  2.SY 6/4 10YR 7/4 2 .  SY 4/ 2 2 . SY 4/2 2 . SY 6/2 2 . SY 6/2 
2S-30 10YR 5/4 10YR 5/6 10YR 7/4 10YR 7/4 2 . SY S/2 2 . SY 4/2 2 . SY 7/2 2 . SY 6/2 

29 0- 5 2 . 5Y 3/0 2 . 5Y 4/2 2 . SY SID 2 . SY 5/2 SY 4/ 1 5Y 4/2 SY 6 / 1 5Y 6/ 1 
10- 1 5  S Y  4 / 1  2 . SY 3 / 2  5 Y  5/ 1 2 .  SY S/2 2 . 5Y 3/0 SY 4/ 1 2 .  SY S/ O  SY S/ 1 
25-30 2. SY 3/2 2 . 5Y 3/2 2 . 5Y 6/2 2 . 5Y 6/2 SY 3/ 1 5Y 3/ 1 SY S / 1  S Y  S/ l 

30 0- S 2 . 5Y 4/2 2 . SY S/2 2 . 5Y 6/2 2 . 5Y 7/4 2 . SY 5/2 2 . SY S/2 2 . 5Y 6/2 2 . 5Y 6/2 
10- 15 2 . SY 4/2 2 . 5Y S/2 2 . 5Y 6/2 2 . SY 7 / 2  2 . 5Y 4/2 2 . SY 5/2 2 . SY 6/2 2 . SY 6/2 
2S-30 2 . SY 4/2 2 . 5Y 4/4 2.5Y 6/2 2 . 5Y 7/4 2.5Y S/2 2 . SY 4/2 2 . 5V 6/2 2 . SY 6/2 

0'1 
c.n 



TABLE 18 ( conti nued ) 

Munse l l  Col o r  Nota t i on 
Spoi l Ve�etated - Nonvegetated 

P l ot Depth Moi st Dr� �10i s t  Or,}! 

no . em 1 2 1 2 1 2 1 2 -

3 1  0- 5 2 . 5Y 4/4 10YR 5/4 2 . 5Y 7/ 4 10YR 7/3 5Y 4/3 5Y 3/2 5Y 6/3 5Y 7/3 
10- 1 5  2 . 5Y 4/4 10YR 5/4 2 . 5Y 7/4 10YR 7/4 2 . 5Y 4/4 2 . 5Y 4/4 2 . 5Y 6/2 2 . 5Y 6/4 
2 5-30 2 . 5Y 4/ 2 lOYR 5/ 6 2 . 5Y 6/ 2 10YR 7/4 5Y 3/2 10YR 5/4 5Y  6/ 1 . 10YR 7/4 

32 0- 5 lOYR 5/4 10YR 5/4 10YR 7/4 10YR 7/4 2 . 5Y 4/2 2 . 5Y 5/4 2 . 5Y 7/4 2 . 5Y 7/4 
10- 15  10YR  5/4 10YR  5/6 10YR  7/4 10YR 7/4 2 . 5Y 4/2 2 . 5Y 4/2 2 . 5Y 6/ 2 2 . 5Y 6/2 
25� 30 10YR 5/6 10YR 5/4 10YR  7/4 10YR 7/4 2 . 5Y 4/2 2 . 5Y 4/2 2 . 5Y 6/2 2 . 5Y 6/2 

33 0- 5 10YR 5/4 10YR 5/4 1 0YR  7/4 1 0Y R  7/4 5Y 4/ 1 5Y 3/1 5Y 5/1 5Y 5/ 1 
1 0- 1 5  1 0YR 5/4 10YR 5/6 10YR 7/4 lOYR 7/4 5Y 4/ 2 5Y 3/ 1 5Y 5/2 5Y 5/ 1 
2 5-30 2 . 5Y 5/4 5Y 4/3 2 . 5Y 7/4  5Y  6/3 5Y 3/2 5Y 3/1 5Y 5/1 5Y 5/ 1 

34 0- 5 2 . 5Y 4/2 2 . 5Y 4/2 2 . 5Y 6/2 2 . 5Y 6/2 2 . 5Y 4/2 10YR 5/6 2 . 5Y 7/2 10YR 7/4 
10- 1 5  2 . 5Y 4/4 2 . 5Y 4/2 2 . 5Y 7/4 2 . 5Y 6/2 2 . 5Y 4/2 5Y 4/3 2 . 5Y 6/ 2 5Y 6/3 
25-30 2 . 5Y 3/2 2 . 5Y 4/2 2 . 5Y 5/2 2 . 5Y 5/2 2 . 5Y 4/ 2 2 . 5Y 4/4 2 . 5Y 6/2 2 . 5Y 6/2 

35 0- 5 5Y 3/2 10YR  4/1  5Y 6/ 3 10YR 6/ 1 2 . 5Y 4/2 2 . 5Y 5/2 2 . 5Y 6/2 2 . 5Y 7/2 
10- 1 5  5 Y  3/2 2 . 5Y 3/2 5Y 5/ 2 2 . 5Y 6/2 5Y 5/ 3 5Y 4/1 5Y 6/3 5Y 6/ 1 
2 5-30 2 . 5Y 3/2 2 . 5Y 3/2 2 . 5Y 5/2 2 . 5Y 6/2 2 . 5Y 4/4 2 . 5Y 4/2 2 . 5Y 7/4 2 . 5Y 6/2  

36 0- 5 2 . 5Y 3/2 lOYR 5/4 2 . 5Y 5/2 1 0YR  7/4 5Y 3/2 5Y 3/2 5Y 5/2 5Y 6/ 1 
10- 1 5  2 . 5Y 4/2 2 . 5Y 4/4 2 . 5Y 5/2 2 . 5Y 6/2 2 . 5Y 3/2 5Y 4/2 2 . 5Y 6/2 5Y 6/1  
25- 30 2 . 5Y 4/2 2 . 5Y 4/ 2 2 . 5Y 7/4 2 . 5Y 6/ 2 5Y 3/2 5Y 3/2 5Y 5/1 5Y 5/ 1 

0'1 
0'1 



TABLE 18 ( cont i n ued ) 

Munsel l Col or Notat ion 
Spo; 1 Vegetated IQonvege'Ea'Eeo 

P l ot De�th Mo i st Dry Moi s t Dry 

no . em 1 2 1 2 1 2 1 2 - - -

37 0- S 2 . SY 4/4 2 . SY 4/2 2 .  SY 6/4 2 .  SY 6/2 2 . SY 4/2 2 .  SY 4/ 4 2 .  SY 6/2  2 . SY 6/2 
10-lS 2 . SY 4/4 2 . SY 4/2 2 .  SY 6/2 2 . SY 6/2 2 . SY 4/2 2 .  SY 3/ 2 2 . SY S/2 2 . SY

<
6/2 

25-30 2 . 5Y 4/4 2 .  SY 4/2 2 .  SY 6/2 2 . 5Y 5/2 2 . 5Y 4/2 2 . 5Y 4/2 2 . 5Y 6/ 2 2 . 5Y 5/2 

38 0- 5 2 . 5Y 4/2 2/5Y 4/2 2 . 5Y 6/2 2 . 5Y 6/2 2 . 5Y 4/2 2 . 5Y 4/2 2 . 5Y 5/2 2 . 5Y 6/2 
10-15 2 . SY 4/2 2 . 5Y 3/2 2 . 5Y 6/2 2 . 5Y 5/2 2 . 5Y 4/2 2 . 5Y 4/2 2 . SY 6/2 2 . SY 6/2 
25-30 2 . 5Y 3/2 2 . 5Y 4/2 2 . 5Y 6/2 2 . 5Y 6/2 2 . 5Y 3/ 2 2 . 5Y 3/2 2 .  SY S/2 2.  SY 6/ 2 

39  0- 5 SY 4/1 2 . 5Y 4/2 5Y 6/1 2 . SY 6/2 2 . SY 3/2 2 . SY 3/2 2 . 5Y 6/ 2 2 . SY 6/2 
10- 1 5  2 . 5Y 4/2 2 . 5Y 3/2 2 , 5Y 6/2 2 . 5Y S/2 2 , 5Y 2/0 2 ,  SY 5/0 2 . 5Y 5/ 0 2 . 5Y 7/0 
25-30 2 . 5Y 4/2 2 . 5Y 3/2 2 . 5Y 6/2 2 . 5Y 6/2 2 . 5Y 3/0 2 . 5Y 4/ 1 2 . 5Y 6/0 2 . 5Y 6/2 

40 0- 5 10YR  5/4 10YR 5/ 6 lOYR 7/4 1QYR 7/4 10YR 5/4 2 . 5Y 4/ 4 10YR  7/4 2 .  SY 6/4 
10- 1 5  10YR 5/6 lOYR 5/6 10YR  7/4 1 0YR  7/4 5Y 4/ 2 2 . SY S/2 5Y 6/2 2 . SY 6/2 
25-30 1 0YR  5/6 10YR  5/6 10YR 7/4 10Y R  7/6 SY 4/ 1 2 . 5Y S/2 5Y 6/1 2 . 5Y 6/2 

0- S 2 . SY 5/6 2 . 5Y 5/4 2 . 5Y 7/4 2 .  SY 7/4 2 . 5Y S/2 5Y 4/1  2 . SY 6/2 5Y S/ 1 
la- I S  2 . SY S/4 2 . SY S/4 2 . SY 7/4 2 . 5Y 7/4 2 . 5Y 4/4 2 . SY 4/0 2 . SY 7/2 2 . SY 6/0 
25-30 10Y R  5/4 10YR  S/ 4 10YR 7/4 10Y R  7/4 10Y R  S/4 2 . 5Y 3/2 10YR  7/4 2 . SY 5/2  

42  0- 5 5Y 4/ 1 2 . 5Y 3/2 SY S/ l 2 . SY 5/2 5Y 3/1  2 . 5Y 4/0 SY S/ 1 2 . SY 6/2 
10- 1 5  2 . 5Y 3/2 5Y 3/2 2 . 5Y 6/2 SY 5/2 2 . SY 4/0 5Y 3/2 2 . 5Y 6/0 5Y 5/ 2 
25-30 2 . 5Y 3/2 2 . 5Y 3/2 2 . 5Y 5/2 2 . 5Y 5/2 2 . 5Y 4/0 2 . 5Y 3/0 2 . 5Y 5/0 2 . 5Y 6/2  

0'1 
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TABLE 18 ( conti nued ) 

Munsel l Co lor  Notat ion 
Spo i l Vegetatea . r�onve8etatea 

p lot DeEth Moi st  Dr� Moi st  Dr� 
no . em 1 2 1 2 1 2 1 2 -

43 0- 5 2 . 5Y 4/4 2 . 5Y 4/4 2 . 5Y 6/4 2 . 5Y 6/4 2 . SY 4/2 5Y 3/2 2 .  SY 6/2 SY 6/ 2 
10- 1 5  1 0Y R  5/4 lOYR S/4 10YR 7/3 10Y R  7/3 2 .  SY 4/2 2 . SV 4/2 2 . SV S/ 2 2 . SY 6/2 
25-30 2 . 5V 5/4 2 . 5Y 5/4 2 . SV 7/4 2 . SV 7/4 2 . SV 3/2 2 . SY 3/2 2 . SY S/ 2 2 . SY 6/2 

44 0- 5 2 . 5V 5/4 2. SV S/4 2 . 5V 6/4 2 .  SY 7/4 2 .  SY 4/2 2 . SY 3/2 2 . 5Y 6/2 2 . SY 5/2 
10- lS  2 . 5Y 4/ 4 2 . SV 4/4 2 .  SY 6/ 4 2 . 5V 7/4 2 .  SV 4/4 2 . 5Y 4/2 2 .  SY 7/4 2 . 5Y 6/2 
25-30 2 . 5Y 5/2 2 . 5V 4/4 2 . SY 7/2  2 . SY 6/4 2 . SY 4/2 2 . 5Y 4/2 2 . SY 6/2 2 . SY 6/ 2 

45 0- S 2 . 5Y S/2 SY S/3 2 . SY 7/2 SY 6/3 SV 3/2 2 . SY 3/2 SY 5/ 1 2 . SY 5/2 
10- 1 5  2 . 5Y 4/4 2 .  SV S/ 4 2 .  SY 7/2 2 .  SY 7/4 SY 4/3 SV 3/2 SV 6/2 5Y S/1 
25-30 5Y 4/4 SY S/3 5Y 6/3 SY 6/ 3 2 . SY 4/2 SY 4/2 2 .  SY 6/2 SY S/ 2 

46 0- 5 2 . 5Y 5/2 2 . 5Y 5/4 2 . 5Y 7/ 2 2 . 5V 7/4 5Y 4/2 2 . SY S/4 SY 6/ 1 2 . 5Y 7/4  
10- 15  2 . SV 5/4 2 . SV S/4 2 . SY 7/2 2 ,  SY 7/4 10VR S/6 2 . 5Y 4/ 2 lOYR 7/ 6 2 .  SY 5/2 
2S-30 SY 4/2 2 . SY S/4 SY 6/ 1 2 . SY 7/2  2 . SY 4/ 2 SY 4/2 2 . 5Y 7/2 SY 6/1  

47 0- 5 10YR S/4 2 . SY 4/4 10VR  7/4 2 . SV 7/4 2 . SV 4/2 2 .  SV 3/ 2 2 . SV 6/2 2 . 5V 6/2  
10- 15  lOVR  S/6 10VR S/4 10VR 7/4 10VR 7/4 2 .  SV 4/2 2 .  SY 4/4 2 . 5Y 6/2 2 . SY 6/2 
25-30 10YR S/4 10YR  5/6 10VR 7/4  10YR  7/4  2 . SY 4/2 SY 3/2 2 . SY 6/2 SY S/2 

48 0- 5 2 . SY 4/2 2 . 5Y S/2 2 . 5Y 6/ 2 2 . SY 6/2 2 . SV S/4 2 . 5Y 5/2 2 . SV 7/2 2 . 5Y 6/4 
10- l S  2 .  SY S/2 2 . SY 4/2 2 . SV 7/2 2 . SV 6/2 2 .  SV 4/4 SY S/3 2 . SV 7/4 5V 7/3 
25-30 2 .  SY 4/ 2 2 . SV S/4 2 . SV 6/2 2 . 5V 6/2 10V R  S/4 2 .  SY 5/4 10YR  7/4 2 . 5V 7/2 

0'1 
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TABLE 18 (c onti nued )  

Munsel l Co l or Notati on 

p l ot Depth f\to;s t  
Vegetated 

Dry Piol sf 

no . em 1 .f. 1 2 1 

49 0- 5 2 . 5Y 4/4 2 . 5Y 4/4 2 . 5Y 7/4 2 . SY 7/4 2 . SY 3/2 
1 0- l S  2 . 5Y 4/4 2 . 5Y 4/4 2 . 5Y 6/4 2 . SY 7/4 2 . 5Y 4/4 
25-30 2 . 5Y 4/4 SY S/4 2 . 5Y 6/4 SY 7/4 2 . 5Y 4/4 

SO 0- S 2 . SY 4/4 2 . SY 4/4 2 . SY 6/4 2 . SY 6/4 2 . SY 4/ 2 
1 0- 1 S  2 . SY 4/4 2 . SY 4/4 2 . 5Y 7/4 2 . 5Y 7/ 4 2 . 5Y 4/2 
25-30 2 . SY 4/4 2 . 5Y 4/4 2 . SY 7/4 2 . 5Y 7/4 2 . 5Y 4/2 

Nonvegetated 
Or,¥: 

2 1 

2 . SY 4/2 2 .  SY 5/2 
2 . 5Y 4/4 2 . 5Y 6/4 

5Y 4/2 2 . 5Y 6/4 

2 . 5Y 4/2 2 . 5Y 6/2 
2 . 5Y 4/ 2 2 . 5Y 6/2 
2 . 5Y 4/2 2 .  SY 6/ 2 

2 

2 .  SY 6/ 2 
2 . 5Y 7/4 

SY 6/1 

2 . SY 6/2 
2 .  SY 6/2 
2 . 5Y 7/2 

I .. 

0'1 
1O 
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