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Abs t rac t  

Th i s  r e p o r t  eva luates t h e  use o f  s t e reo  p a i r s  o f  a e r i a l  

photography over and i n  the  v i c i n i t y  o f  a coal  mine f o r  t h e  d e t e c t i o n  o f  

subsidence due t o  underground coa l  m in ing  i n  a g l a c i a t e d  area o f  c e n t r a l  

I l l i n o i s .  The study area chosen was examined on 11 se ts  o f  imagery 

taken between 1939 and 1977. A number o f  s i t e s  where subsidence was 

p r e v i o u s l y  documented i n  t h e  study area are v i s i b l e  on t h e  a i r  photos 

and were used f o r  comparison w i t h  o t h e r  anomalies found on t h e  photos. 

The a i r  photos were examined f o r  anomalous topographic  lows, 

unusual t o n a l  and t e x t u r a l  con t ras t s ,  and c e r t a i n  l and  use changes. The 

i n t e g r a t i o n  o f  t h e  a i  r photo anomal i e s  and p r e v i o u s l y  repor ted  

subsidence s i t e s  produced a s e t  o f  44 s i t e s  which were evaluated on a l l  

se t s  o f  photography. When t h e  44 s i t e s  were superimposed on t h e  

d e t a i l e d  mine map, s i t e s  f e l l  e i t h e r  o u t s i d e  t h e  l i m i t s  o f  t h e  mine o r  

over  areas o f  low o r  h i gh  e x t r a c t i o n  i n  t h e  mine. F i n a l  judgements were 

made by comparing t h e  c o n f i g u r a t i o n  o f  coal  e x t r a c t i o n  w i t h  t h e  su r f ace  

express ion o f  t h e  s i t e s .  

A e r i a l  photography proved t o  be a use fu l  t o o l  f o r  t h e  

i d e n t i f i c a t i o n  o f  probable s i t e s  o f  subsidence i n  t h e  s tudy area. 

F i f t y - n i n e  percent  (26 o f  44) o f  t h e  s i t e s  w i t h i n  t h e  study area and 

seventy percent  (26 o f  37)  o f  t h e  s i t e s  w i t h i n  t h e  boundary o f  t h e  mine 

a re  probably  due t o  mine subsidence. The remaining anomalies were 

judged t o  be un re la ted  t o  mine subsidence. Na tu ra l  depressions which 

fa1 1 by chance over h igh  e x t r a c t i o n  areas may have been a t t r i b u t e d  t o  

mine subsidence. 
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INTRODUCTION 

The purpose o f  t h i s  s tudy was t o  eva lua te  t he  e f f e c t i v e n e s s  o f  

us i ng  a e r i a l  s te reo  p a i r  photographs t o  d e t e c t  subsidence i n  a g l a c i a t e d  

area o f  c e n t r a l  I l l i n o i s  and t o  t r y  t o  i d e n t i f y  i n d i c a t o r s  f o r  

r e c o g n i t i o n  o f  subsidence versus n a t u r a l  g l  a c i  a1 depressions. The 

Divernon area i s  l oca ted  on t he  I 1  1 i n o i a n  yroundmoraine. Th i s  area i n  

c e n t r a l  I l l i n o i s  ( f i g .  1 )  was se lec ted  because bo th  t h e  subsur face 

geology and former m in ing  p r a c t i c e  a re  we1 1 known. I n  a d d i t i o n ,  t h e  

Divernon area had severa l  well-documented cases o f  subsidence, which 

proved use fu l  f o r  re ference.  F i v e  se ts  o f  a i r  photos from t h e  U.S. 

Department o f  A g r i c u l t u r e  and 6 se t s  f rom t h e  I 1  1 i no i s  Department o f  

T ranspo r ta t i on ,  w i t h  coverage from 1939 t o  1977, were used t o  eva lua te  

t h e  Divernon area (see Appendix A). 

A e r i a l  photos were examined on a "s tand a1 one" bas is  and l a t e r  

i n  con junc t i on  w i t h  o t h e r  data.  Because o f  v a r i a t i o n s  i n  sca le ,  

qua1 i t y ,  and percent  o f  coverage among t h e  se ts  o f  a e r i a l  photographs, a 

system o f  e v a l u a t i o n  was developed i n  which any poss ib l e  subsidence s i t e  

(anomaly) d iscovered a t  any p o i n t  i n  t he  i n v e s t i g a t i o n  was evaluated on 

every s e t  o f  photographs. I n  t h e  f i n a l  eva lua t ion ,  evidence from t h e  

photos was matched aga ins t  data frorn several  sources t o  c l a r i f y  t h e  

l i m i t s  and advantages o f  t h e  va r i ous  types  o f  data.  

GEOLOGIC SETTING 

The ground sur face  i n  t h e  s tudy area i s  I 1  1 i n o i a n  

groundmoraine covered by loess,  a depos i t  o f  wind blown s i l t s .  Loess 

ranges i n  th ickness  from 6.5 t o  8 f e e t  w i t h  an average o f  7.2 f e e t  and 

i s  t h e  m a t e r i a l  i n  which ou r  c u r r e n t  s o i l  i s  developed. The l o e s s  

o v e r l i e s  t i l l .  The t i l l  has occas ional  lenses o f  sand o r  g rave l ,  and 



averages about 19 f e e t  t h i c k  and ranges from 4 t o  33 f e e t  t h i c k  i n  t h e  

s tudy area. The t i l l  o v e r l i e s  bedrock. The average t h i ckness  o f  

bedrock from t h e  t o p  o f  t h e  coal  which was mined i n  t he  area up t o  t h e  

base o f  t h e  t i l l  i s  about 275 f ee t .  Th i s  i n t e r v a l  ranges from 268 t o  

294 f e e t  t h i c k  i n  t h e  s tudy area. The bedrock c o n s i s t s  o f  in terbedded 

l a y e r s  o f  shale,  l imestone,  sandstone, and coal .  The bedrock overburden 

over  t h e  coal  mine c o n s i s t s  o f  about 85 percent  shale,  10 percent  

l imes tone  and 5 percen t  sandstone. A coa l  mine i n  t h e  area operated i n  

t h e  H e r r i n  (NO. 6 )  Coal seam which averages about 8.1 f e e t  t h i c k  and 

ranges i n  t h i ckness  from 7.5 t o  8.5 f ee t .  Th i s  coal  seam v a r i e s  from 

290 t o  320 f e e t  below t h e  sur face  i n  t h e  s tudy area. 

The I 1  1 i no i  an groundmorai ne has many n a t u r a l  c l  osed 

depress ions l oca ted  on t h e  yround sur face.  These depressions were 

p robab ly  produced by m e l t i n g  i c e  chunks w i t h i n  t h e  depos i ted  

groundmoraine m a t e r i a l  o r  by t h e  me1 t i n g  o f  t h e  g l a c i a l  i c e  o f  uneven 

th icknesses  produc ing v a r i a t i o n s  i n  t h e  t h i ckness  o f  t h e  groundmoraine, 

HISTORY AND NATURE OF SUBSIDENCE I N  STUDY AREA 

The Mine No. 6 (1900-1925) o f  Madison Coal Corpora t ion  

under1 i es t h e  D i  vernon area and p r a c t i c e d  a room-and-pi 11 a r  m i n i  ng 

system. Para1 1 e l  e n t r i e s  were d r i v e n  t o  b l ock  out  areas o f  coal  . Then 

a s e r i e s  o f  e n t r i e s  was d r i v e n  i n t o  these panel areas and in te rconnec ted  

t o  leave  p i 1  j a r s  o f  coal  t o  support  t he  mine r o o f  ( f i y .  2 ) .  

The h i s t o r y  o f  mine subsidence i n  t h e  v i c i n i t y  o f  Divernon can 

be assembled from var ious  sources. Subsidence o f  t h e  ground sur face  and 

damage t o  s t r u c t u r e s  o r  l a n d  must be c l e a r l y  d i s t i ngu i shed .  Th i s  r e p o r t  

deal s o n l y  wi t h  t h e  1 ower i ny of t h e  y round caused by subsi dence, but  no t  

w i t h  any r e s u l t i n g  damage. 



Observat ions o f  prev ious i n v e s t i g a t o r s  are a pr imary source 

f o r  i n f o r m a t i o n  on subsidence i n  I l l i n o i s ,  and t h i s  r e p o r t  r e l i e s  

h e a v i l y  on them. A few pub1 i shed  i n v e s t i g a t i o n s  i n c l  ude measurements o f  

subsidence, i n  p a r t i c u l  a r  those  by Andros (1914), Herber t  and Rut1 edge 

(1927),  Quade (1934), and Young (1916). Much o f  t h e  i n f o r m a t i o n  was 

r e c e n t l y  summari zed by Hunt (1980). 

The most recen t  systemat ic  study o f  subsidence occurrences i n  

Sangamon County was p a r t  o f  an i n v e s t i g a t i o n  conducted by John C. Quade 

i n  1934 f o r  t he  Federal Land Bank o f  St. Louis.  Th i s  study was t o  

p rov ide  a bas i s  f o r  assessment o f  l oan  appl i c a t i o n s  i n  m i n i  ng areas. He 

repo r ted  on 14 s i t e s  o f  subsidence above t h e  No. 6 Mine. Quade found 

sag subsidences i n  Sangamon County t h a t  covered 3 t o  20 acres and were 2 

t o  4 f e e t  deep. 

Add i t i ona l  s t ud ies  i n  t h e  Sangamon County area were performed 

by Herber t  and Rut ledge (1927) and Young (1916). Herber t  and Rut ledge 

p laced bench marks over panels a t  a nearby mine and found 1.5 f e e t  o f  

su r f ace  subsidence where squeezes were t a k i n g  p lace  underground. Young 

compi led subsidence data f o r  D i s t r i c t  V I I ,  i n  which Sangamon County was 

loca ted .  F i gu re  3 shows t h e  subsidence as a percentage o f  t h e  he igh t  o f  

coal  mined compared t o  t he  depth o f  t h e  coal  mine. 

The t y p i c a l  subsidence f o r  t h e  Sangamon County area i s  a 

g e n t l e  sag, one t o  f ou r  f e e t  deep a t  i t s  maximum. The average maximum 

change i n  ground s lope i s  about 1 t o  2 percent  .* F igu re  4 i s  an example 

o f  a l a r g e  say over a panel from t h e  Madison Coal Corpora t ion  Mine 

No. 6. The company mined approx imate ly  8 f e e t  o f  H e r r i n  (No. 6 )  Coal a t  

*Based on monument spacing o f  100 f e e t  o r  33 percent  o f  depth t o  t h e  
mines. 



a depth o f  about 300 f e e t ,  w i t h  an e x t r a c t i o n  r a t i o  o f  about 65 percent  

i n  t h e  p roduc t i on  panels, The da ta  f o r  t h e  p r o f i l e s  are from t h e  Quade 

r e p o r t  f o r  Sangamon County and a re  2 o f  t h e  14 p r o f i l e s  measured across 

t h e  panel. Th i s  g e n t l e  se t t lement  o r  sag o f  t h e  su r f ace  i s  t h e  o n l y  

t ype  o f  subsidence observed i n  t he  Oivernon s tudy area. The recoyni  t i o n  

o f  t h i s  t y p e  o f  subsidence by photo i n t e r p r e t a t i o n  i s one o f  t h e  pr imary 

purposes o f  t h i s  study. 

The Madison Coal Corpora t ion  Mine No. 6 was v i s i t e d  on severa l  

occasions by Survey geo log i s t s ,  I n  Ill i n o i s  S ta te  Geolog ica l  Survey 

mine notes o f  1912, K O  D. White noted t h a t  t h e  underc lay was q u i t e  

t h i c k ,  t h e  t o p  p a r t  c o n s i s t i n g  o f  a  1  i g h t  gray p o r t i o n  ( 6  f e e t  t h i c k )  

g rad ing  downward i n t o  a  greenish b l ue  shale. He i n d i c a t e d  t h a t  t h e  

underc lay s laked bad l y  and t h a t  heaving was a  problem i n  t h e  mine. 

Heaving o r  a squeeze o f  t h e  mine f l o o r  i s  due t o  t he  i n a b i l i t y  o f  t h e  

underc l  ay below t h e  coal  p i 1  1  a r s  t o  suppor t  t h e  overburden wei yh t .  The 

l a r g e r  t h e  amount o f  coal  removed, t h e  h i y h e r  t h e  overburden pressures 

i n  t h e  p i 1  l a r s  and thus,  below t h e  p i l l a r s .  When t h e  concent ra ted  

pressures below t h e  p i l l a r s  become g rea te r  than t h e  s t r eng th  o f  t h e  

underc lay,  t h e  underc lay "squeezes" ou t  f rom under t h e  p i l l a r s  up i n t o  

t h e  mined-out coal  areas. The p i  11 a r s  and overburden w i l l  be lowered as 

t h e  c l a y  squeezes ou t  f rom under t h e  p i l l a r s .  Subsidence i s  t h e  end 

resu l  t o f  t he  overburden 1  oweri  ng . 
A summary o f  p roduc t ion  f o r  t h e  mine shows t h a t  a l though t h e  

mine was n o t  abandoned u n t i l  1925, i t  d i d  n o t  opera te  a f t e r  1924. The 

mine map h e l d  by the  Survey and t h e  I 1  1  i n o i s  Department o f  Mines and 

M ine ra l s  s t a t e s  t h a t  t h e  map was extended t o  May 4, 1925, and thus ,  

represen ts  t h e  f i n a l  map o f  t he  mine works. 



EVALUATION OF AER IAL PHOTOGRAPHY FOR DETECT ION OF SUBSIDENCE 

General P r i  n c i  ~l es 

M u l t i p l e  se ts  o f  a e r i a l  photos were analyzed t o  note change o f  

r e l i e f ,  a l t e r a t i o n  o f  drainage, q u a l i t y  o f  drainage, and any subsequent 

l a n d  use changes t o  i d e n t i f y  poss ib l e  s i t e s  o f  past  subsidence. The 

d i f f e r e n c e s  i n  qua1 i t y ,  scale,  e t c .  amongst t h e  se t s  o f  a e r i a l  photos 

r e q u i r e  t h a t  each be evaluated on i t s  own mer i t s .  

A l l  photos examined were b l ack  and wh i t e  a e r i a l  photographs a t  

sca les  from 1:3000 t o  1:24,000. No photos were considered w i t h  sca les 

small e r  than  1:30,000 because o f  t h e  small s i z e  o f  most o f  t h e  

subsidences. The i dea l  sca le  range t o  examine these d i s c r e t e  

subsidences i n  c e n t r a l  I l l i n o i s  i s  about 1:5000 t o  1:15,000 w i t h  

acceptable ranges ex tend ing  up t o  1:3000 and down t o  1:24,000. Larger  

sca les  t han  1:3000 show good d e t a i l  b u t  fewer re fe rence  p o i n t s  f o r  

proper  l o c a t i o n  o f  t h e  fea tu re .  A s i m i l a r  study i n  England by Norman 

and Watson (1975) found subsidence d e t e c t i o n  bes t  on 1:2000 t o  1:10,000 

sca le  photographs, and a study performed i n  Pennsylvania by Russel 1 e t  

a l .  (1979) used 1:10,000 t o  1:30,000 sca les f o r  t h e i r  work t o  d e t e c t  

p i t - t y p e  subsidence. 

A most c r u c i a l  v a r i a b l e  i s  seasona l i t y  o f  t he  photos, 

espec ia l  l y  i n  t h i  s r eg ion  o f  i n t e n s i v e  cashcrop a g r i c u l t u r e .  Best 

seasons are March-May (post-snow and pre-crop)  and l a t e  October-December 

(pos t -c rop  and pre-snow). Some o f  t h e  bes t  imayery i s  e a r l y  s p r i n g  

photography, when t h e  c o n t r a s t  i n  s o i l  mo i s tu re  i s  high, which 

emphasi zes w e t t e r  dra inage areas i n  c o n t r a s t  t o  t h e  d r i e r  up1 ands. 

A1 though imagery i n  t h e  June-September pe r i od  i s  yeneral  l y  1 ess use fu l  

because t h e  crops tend  t o  mask t h e  topography, c rop  germina t ion  problems 



re1 ated t o  lows i n  t he  f i e l d  (sometimes produced by subsidence) have 

proved va1 uabl  e. 

An anomaly was de f i ned  based on t h e  fo1 l ow iny  set  o f  

i n d i c a t o r s :  

1. topograph ic  low (depress ion)  ; espec ia l  l y  i f  "ou t -o f -p l  ace"; 

2. t e x t u r e ;  especi  a1 l y  1 ocal  l y  "drowned" crops i n  s p r i  ny ' 

photographs o r  poor c rop  cover i n  l a t e r  photographs; 

3. tone; a darker  tone i s  assoc ia ted  w i t h  moi s t  s o i l  condi  L i ons  

o r  areas where t h e  water t a b l e  i s  c l o s e r  t o  t he  ground 

sur face;  a l i g h t  tone  may i n d i c a t e  d r i e r  cond i t i ons ;  and 

4. l a n d  use modi f i c a t i o n ;  change o f  crop, cropped area, o r  change 

i n  f i e l d  use i n  response t o  dra inage problems, weed problems, 

e t c  . 
The i n t e r p r e t a t i o n  o f  f ea tu res  on a i r  photos p r i m a r i l y  

i n v o l v e s  qua1 i t a t i v e  assessment, which i s  no t  we l l  s u i t e d  t o  

quan t i  f i c a t i o n .  I n  eval u a t i n y  each se t  o f  a e r i a l  photographs, anomal i e s  

were r a t e d  as hav ing a "weak" o r  " s t r ong "  p o s i t i v e  i n d i c a t o r ,  o r  

nega t i ve  when an i n d i c a t o r  was no t  present.  

Eva1 u a t i o n  Procedure 

Background. F a m i l i a r i t y  w i t h  t h e  geo log ic  s e t t i n g  and l and  use 

p r a c t i c e s  i n  t h e  area a re  needed. The i n t e r p r e t e r  then  scans t h e  

photographs t o  ga in  a knowledge o f  "normal" topography tone  and t e x t u r e  

v a r i a t i o n s ,  i n c l u d i n g  r e f l e c t i o n s  o f  subsurface s t r uc tu res ,  s o i l  

pa t t e rns ,  c rop  pa t t e rns  and drainage, Then a search and i d e n t i f i c a t i o n  

o f  o t h e r  i r r e g u l a r i t i e s  (e.g., s lope  f a i l  u re )  t h a t  cou ld  be confused 

w i t h  subsidence i s  a l s o  performed. The area around suspected subsidence 

s i t e s  i s  scanned; i t  must be l a r g e  enough t o  i n c l u d e  a l l  o f  t h e  p o s s i b l e  



subsidence-af fected area. Good qual i t y  photographs a re  des i  r a b l  e f o r  

these i n v e s t i g a t i o n s ,  

I d e n t i  f i c a t i o n  o f  Anomal i e s .  Using t h e  background know1 edge gained from 

i n i t i a l  scanning o f  t h e  a e r i a l  photos, t h e  i n t e r p r e t e r  begins t o  

i d e n t i  f y  anomal i es i n  topography, tone, and t e x t u r e .  Depressions, 

apparent s lope i n s t a b i l  i t y ,  d i f f e r e n t  s o i l  o r  c rop  t e x t u r e  p a t t e r n s  a re  

noted. Human o r  animal adap ta t ions  such as changes i n  paths, l and  use 

changes ( e s p e c i a l l y  crop changes) o r  l and  abandonment a re  noted. 

Recogn i t ion  o f  these anomal i e s  depends bo th  on the  sk i 1  1 and exper ience 

o f  t h e  i n t e r p r e t e r  and t h e  q u a l i t y  o f  photographs; t h e  i n t e r p r e t e r  may 

wish t o  check ad jacent  photographs t o  r eso l ve  quest ions o f  unusual l and  

use. I n  t h i s  study, t h e  photographs were i n i t i a l l y  i n v e s t i g a t e d  

independent ly  w i t hou t  o the r  sources o f  subsidence o r  mine i n fo rma t i on .  

t h e  f u l l e s t  use o f  t h e  photos f o r  e v a l u a t i n g  t h e  

1 and coal  mine subsidence fea tu res .  

s Wi th  Reported Subsidence. A t  t h i s  p o i n t  a l l  

Th i s  procedure a1 1 owed 

w ides t  range o f  na tu ra  

Compari son o f  Anomal i e 

anomal i e s  i d e n t i f i e d  on a e r i a l  photos were compared w i t h  a l l  r epo r ted  

subsidence s i t e s  f o r  t he  area, i n c l u d i n g  a l  known o r  probable 

subsidence due t o  n a t u r a l  o r  man-made causes. The unmatched repo r ted  

subsidence s i t e s  were then inspec ted  on a l l  se ts  o f  a e r i a l  

photographs. Th i s  examinat ion o f  known subsidence s i t e s  may reveal  t h a t  

i n d i c a t o r s  were missed on some photos, It a1 so reveal  s i f  some known 

subsidence s i t e s  a re  a t  o r  below t h e  l i m i t s  o f  r e s o l u t i o n  o f  t h e  

imagery; thus,  i n d i c a t o r s  may be weak o r  absent, 



Resu l t s  

S i  te-Speci  f i c Eva1 u a t i  on. F o r t y - f o u r  s i  t e s  i n  t he  Divernon area were 

s t u d i e d  on t h e  s e t s  o f  a e r i a l  photographs ( f i g .  5 and 6 ) .  A l l  a i r  photo 

anomalies and repor ted  s i t e s  i n  o r  w i t h i n  about one-quarter m i l e  o f  t h e  

general  mapped boundary o f  t h e  mine were cons idered f o r  t h i s  study. 

Table 1 shows t h e  d i s p o s i t i o n  o f  t h e  i n d i c a t o r s  f o r  each s i t e  on t he  

va r i ous  se t s  o f  a e r i a l  photographs. Each s i t e  i s  ca tegor ized  f o r  each 

se t  o f  photographs as 1) " P o s i t i v e "  - t h e  s i t e  showed some topographic ,  

t o n a l  o r  t e x t u r a l  i n d i c a t i o n  on a  se t  o f  photos; 2 )  ' N e u t r a l '  - t h e  s i t e  

was a l t e r e d  o r  obscured on a  set  o f  photos; o r  3)  "Negat ive" - t h e  s i t e  

was no t  found on a  s e t  o f  photos. The p o s i t i v e  i n d i c a t o r s  were 

subd iv ided  i n t o  "weak" and 's t rong"  ca tego r i es  on t h e  bas i s  o f  how 

s t rong  t h e  v i s u a l  c o n t r a s t  was between t h e  s i t e  and t h e  normal t o n a l  , 

t e x t u r a l  and topographic  v a r i a t i o n s .  P o s i t i v e  and neya t i ve  i n d i c a t o r s  

f o r  each s i t e  were t hen  compi led f o r  use i n  t h e  a n a l y s i s  ( t a b l e  2 ) .  

A lso on t a b l e  2 a re  notes on each s i t e  concern ing t h e i r  pe rs i s t ence  

amongst se t s  o f  a i r  photos, o v e r a l l  s t r e n g t h  o f  i n d i c a t o r ,  and o t h e r  

observa t ions .  

P r o j e c t i o n  o f  S i t e s  on Mine Map. The major  downward movements o f  coal  

mine subsidence events a re  over and we l l  w i t h i n  t h e  boundaries o f  t h e  

p roduc t i on  panel s. The p roduc t i on  panels a re  t he  h i  yhest  e x t r a c t i o n  

areas o f  t h e  mine and a re  wide enouyh so t h a t  i f  overburden suppor t  i s  

l o s t  t h e  event w i l l  reach t h e  sur face  and cause subsidence. Th is  i s  i n  

c o n t r a s t  t o  t h e  low e x t r a c t i o n ,  narrow main entryways bound by b a r r i e r  

p i l l a r s .  Even i f  a l l  t h e  p i l l a r s  l o s t  suppor t  i n  t he  main entryways i n  

t h i s  mine, t h e  co l l apsed  w id th  would be t o o  small t o  reach and a f f e c t  

t h e  ground surface. Only 28 o f  t h e  44 s i t e s  (63%) are pos i t i oned  



p r o p e r l y  over p roduc t ion  panels o f  t h e  mine ( t a b l e  3, f i g .  7 ) .  O f  these 

28 s i t e s ,  13 a re  subsidence s i t e s  des ignated by J. C. Quade's r e p o r t  o r  

areas marked on t he  mine map where squeezes had taken p lace i n  t he  mine 

( t a b l e  3 ) .  

The semi - f i  na l  eval  u a t i  on us ing  a1 1  avai  1  ab le  i n f o r m a t i o n  i s  

shown i n  t h e  second t o  l a s t  column ~f t a b l e  3, Because f i e l d  checks 

were no t  a v a i l a b l e  f o r  many s i t e s  i n  t h i s  s tudy no judgements o f  "no 

subsidence" were made. I n  t h i s  case a  d e c i s i o n  was made between t h r e e  

ca tego r i es  : 

1) Subsidence 

2) Subsidence poss ib l e  o r  probable,  o r  

3)  Subsidence un l  i k e l y  . 
The f i n a l  eva lua t i on  was performed by us ing  a  d e t a i l e d  mine 

map showing a1 1  t h e  mine 's  rooms and p i 1  1  a r s  a long w i t h  t h e  a e r i a l  

photos. Three s i t e s  (25, 36, and 42) were upgraded t o  subsidence s t a t u s  

based on how t h e  mine p lan  ( p i l l a r s )  i n f l uenced  t h e  su r f ace  

depressions. S i t e s  25 and 42 bo th  show l e s s  subsidence over t h e  east -  

west o r i e n t e d  cha in  p i l l a r s ,  which run down t h e  cen te r  o f  t h e  panels  

(see f i g .  4). Since these p i l l a r s  a re  l a r g e r  than those i n  t h e  

p roduc t i on  p o r t i o n s  o f  t h e  panel, l e s s  n e t  subsidence r e s u l t s  above 

them. 

S i t e  20 was down-graded t o  a  poss ib le /p robab le  s ta tus .  It was 

o n l y  seen on one se t  o f  a e r i a l  photo coverage and had a  weak, smal l  

i n d i c a t o r .  

Two s i t e s  were down-graded t o  unl i k e l y  s ta tus ,  These were 

s i t e s  13 and 29. S i t e  13 was over a  s e c t i o n  o f  t h e  p roduc t ion  panel 

where very  sho r t  rooms were d r i v e n  i t h  o n l y  a  few c rosscu ts  present.  



The coal  e x t r a c t i o n  r a t i o  was very low w i t h  few i s o l a t e d  coal  p i l l a r s  

formed. S i t e  29 was p a r t  o f  a  n a t u r a l  dra inage way which runs through 

s i t e s  29, 31 and 32. A e r i a l  photos show an e longate one-ha1 f m i l e  

depress ion a t  a  45 degree any1 e t o  t h e  mine p l  an. 

The southeast p o r t i o n  o f  s i t e  40 i s l oca ted  over very  l a r g e  

cha in  p i l l a r s  a long t h e  haulageways i n  t h e  p roduc t ion  panel. The 

p roduc t i on  p a r t  o f  t h i s  panel i s  o n l y  t h e  southern 2/3 o f  t h e  o u t l i n e  

shown i n  f i g u r e  7, The haulageways a re  t h e  no r the rn  p a r t  o f  t h e  panel. 

Th i s  f i n a l  e v a l u a t i o n  shows t h a t  on l y  26 o f  44 (59%) s i t e s  can 

be cons idered p o s s i b l e  o r  probable subsidence events. Thi  r t y - t w o  

percent  (14 o f  44) were evaluated as subsidence events based on o the r  

subsidence s t u d i e s  i n  t h e  area and how t h e  v a r i a t i o n  o f  t h e  depth o f  t h e  

anomaly reac ted  t o  changes i n  t h e  mine plan, Th is  i s  shown by p r o f i l e  

A-A'  i n  f i g u r e  4 where l e s s  subsidence takes p lace  over t h e  l a r g e  cha in  

p i  11 a r s  a long t h e  haulageways through t h e  cen te r  o f  t h e  panel . 
The f i n a l  eva lua t i on  shows t h a t  26 o f  37 s i t e s  (70%) w i t h i n  

t h e  boundary o f  t he  mine cou ld  be cons idered p o s s i b l e  o r  probable coal  

mine subsidence events. 

It i s  i n t e r e s t i n g  t h a t  t h e  g rea t  m a j o r i t y  o f  these 26 s i t e s  

were undermined between 1918 and 1924 ( t a b l e  4 ) .  Annual p roduc t i on  

r a t e s  and t he  number o f  miners surged bey inn ing  i n  1917 due t o  American 

e n t r y  i n t o  World War I .  Produc t ion  may have been increased i n  p a r t  by 

r a i s i n g  t h e  e x t r a c t i o n  ra tes ,  l ead ing  t o  more squeezes i c h  r e s u l t e d  i n  

subsidence, 

Eva1 u a t i  on Problems, Once c l  ear  and e f f e c t i v e  c r i t e r i a  f o r  

c l  ass i  f i c a t i o n  were es tab l  ished, eval  u a t i o n  proceeded e f f i c i e n t l y ,  

Several o f  t h e  se ts  o f  photos were fou d t o  be e s p e c i a l l y  he lp fu l  f o r  



de l  i m i t i n g  na tu ra l  dra inage fea tu res ,  o the r  photos ( u s u a l l y  from 

June and J u l y )  showed c l e a r  evidence o f  l o c  l i zed c rop  problems. The 

tendency o f  co rn  seed l ings  t o  d i e  i n  s tand ing  water helped t o  d e l i m i t  

t h e  lowes t  areas w i t h i n  severa l  s i t e s ,  and t h e  shape and p o s i t i o n  over  

t h e  mine o f  these areas l e n t  s t rong  suppor t  t o  t h e  case f o r  

subsidence. The t a b u l a t i o n s  cap tu re  o n l y  p a r t  o f  t h e  r e l e v a n t  

i n f o rma t i on ,  e s p e c i a l l y  w i t h  regard t o  n a t u r a l  drainage. Some s i t e s  on 

o r  near d ra inage  commonly e x h i b i t e d  ' tone ' '  and " topo"  i n d i c a t o r s  b u t  

l i t t l e  evidence t o  s u b s t a n t i a t e  t h a t  t h e  anomalies were r e l a t e d  t o  coal  

mine subsidence. Th i s  i s  why some s i t e s  may have severa l  "weak 

p o s i t i v e "  i n d i c a t o r s ,  bu t  were u l t i m a t e l y  judged t o  be u n l i k e l y  s i t e s  o f  

subsidence. 

F i n a l  

1:20,000 o r  sma 

subsidence s i t e  

y ,  r e s o l u t i o n  i s  o f t e n  a problem, e s p e c i a l l y  when o n l y  

1 e r  sca le  imagery i s avai  1 ab le ,  Usi  ng such photography, 

o f  1 1/2 t o  2 acres o r  more can probably  be 

c o n s i s t e n t l y  recognized, as we l l  as subsidence s i t e s  down t o  1 acre  - i f  

they  a re  sha rp l y  def ined;  subsidence s i t e s  smal l e r  than a ha1 f acre are 

un l  i k e l  y t o  be re1 i a b l y  d i  scovered. Th i  s r eso l  u t i  on p rob l  em i s 

compounded by t h e  small subsidence events are no t  as deep as t h e  

l a r g e  events, and t hus  g i v e  weak o r  mpercept i  b l  e " t o n e '  o r   top^'^ 

i n d i c a t o r s ,  However, t h e  reso l  u t i o n  problem may be l a rge1  y a problem o f  

g ra i n i ness  o f  t h e  photos and no t  r e s o l u t i o n  o f  s i z e  s i nce  t h e  subsidence 

events i n  t h e  s tudy area a f f e c t  a minimum o f  an acre o f  t h e  sur face.  

Therefore,  t h e  r e s o l u t i o n  problem i s  l a r g e l y  so lved by us ing  imagery 

w i t h  sca les o f  1:10,000 o r  g rea te r ;  a s i m i l a r  conc us ion  was reached f o r  

a s tudy o f  mine-induced subsidence i n  England (Norman and 

1975). Thus, g iven i m  ye ry  i n  t h e  1:2000 t o  1:10,000 sca le  range, s i t e s  



o f  subsi dence which a1 t e r  d r a i  nage (and thus  vege ta t ion)  can normal 1 y be 

i d e n t i f i e d  i n  a e r i a l  photos. I f  t h e  su r f ace  was o n l y  dropped s l i g h t l y  

evidence o f  subsidence may be missed unless t h e  l o c a l  vege ta t i on  i s  very 

s e n s i t i v e  t o  such a change, as i n  r i v e r  bottom areas and on p l a i n s  o f  

P le i s t ocene  lakes  i n  I l l i n o i s ,  Such areas were no t  s tud ied,  

Th i s  s tudy a1 so evaluated and v e r i f i e d  subsidence da ta  i n  

J .  C. Quade's 1934 r e p o r t  on Sangamon County. Our i n i t i a l  photo 

e v a l u a t i o n  was done independent ly  o f  t h i s  da ta  source and on l y  7 o f  t h e  

14 subsidence s i t e s  i d e n t i f i e d  by Quade were p icked up. The balance o f  

t h e  s i t e s  repo r ted  by Quade were rechecked on a l l  se t s  o f  photographs 

d u r i n g  t h e  comparison staye, and i t  was determined t h a t  12 o f  t h e  14 

s i t e s  had some p o s i t i v e  i n d i c a t o r s  on a t  l e a s t  2 se t s  o f  coverage. S i t e  

38 was an area des ignated by Quade as hav ing subsidence, bu t  no 

i n d i c a t o r s  were found f o r  t h i s  s i t e  even though t h e r e  were 8 se ts  o f  

photographic  coverage. Quade s i t e s  10 and 16 were no t  undermined and 

are,  t h e r e f o r e ,  n o t  r e l a t e d  t o  coal  mine subsidence, S i x  o f  t h e  Quade 

s i t e s  (23, 24, 33, 35, 39, and 43) had e i t h e r  su r face  surveys o r  were 

1 ocated over squeezes i n d i c a t e d  on t h e  mine map. The remain ing Quade 

s i t e s  (6, 22, 28, and 41) were l oca ted  over p roduc t i on  panels and had 

p o s i t i v e  i n d i c a t o r s  on 2, 6, 2, and 6 s e t s  o f  photo coverage. These 

numbers o f  p o s i t i v e  i n d i c a t o r s  were equal t o  o r  g rea te r  than t h e  number 

o f  p o s i t i v e  i n d i c a t o r s  f o r  t h e  conf i rmed subsidence anomal i e s  24 and 

39, Therefore,  Quade probably  c o r r e c t l y  i d e n t i  f i e d  subsidence a t  1U o f  

t h e  14 s i t e s  (71%). 

The Quade r e p o r t  apparen t l y  r e f l e c t s  m u l t i p l e  sources o f  

i n f o rma t i on ,  some o f  which cou ld  n o t  be v e r i f i e d .  These r e p o r t s  were 

produced r a t h e r  r a p i d l y  which may e x p l a i n  why some i n f o r m a t i o n  o f  lower  



re1 i ab i  1 i t y  was i n c l  uded. However, t h e  Quade r e p o r t s  a re  va l  uabl  e 

because t hey  c o n t a i n  da ta  which, i n  pa r t ,  a re  no l onge r  a v a i l  ab le ,  even 

though t hey  i n c l u d e  a few e r r o r s ,  

Three subsidence s i t e s  (23, 24, and 39) i nvo l ved  i n  l i t i g a t i o n  

i n  1912 demonstrate problems r e l a t e d  t o  1 i m i t s  o f  r e s o l u t i o n  and t h e  

l i m i t e d  impact on crop p roduc t ion  a f t e r  t i l i n g .  The s i t e s  became a 

dra inage problem f o r  t h e  landowner and were t i l e d  a f t e r  be ing  surveyed 

i n  1912; t h e  min ing  company apparen t l y  s e t t l e d  t h e  damages ou t  o f  

cou r t .  The t h r e e  s i t e s  had 2 t o  3 f e e t  o f  subsidence (Young, 1916). 

S i t e s  24 ( 4  ac res)  and 39 ( 2  3/4 acres)  were each seen on o n l y  2 se t s  o f  

photographs, w h i l e  s i t e  23 ( 1  ac re ) ,  was noted on 8 se t s  o f  

photographs. Since a l l  t h r e e  areas were t i l e d ,  i t  may be t h a t  s i t e  23 

was t h e  deeper o f  t h e  t h r e e  t o  beg in  w i t h ,  o r  problems may have 

developed w i t h  t h e  t i l e  l i n e  o f  s i t e  23, and i t  i s  no t  known whether 

these  areas were a1 so f i  11 ed, For whatever reason, c o r r e c t i v e  measures 

may have reduced t h e  v i s i b l e  s i gna tu re  o f  s i t e s  24 and 39 more than t h a t  

o f  s i t e  23. 

The l a r g e s t  and best  documented anomaly ( s i t e  43) had repeated 

c rop  problems. Surveys o f  t h i s  area d u r i n g  and a f t e r  subsidence showed 

a 2.1 f e e t  drop a t  t h e  lowest  po in t ,  and a 1.5 f e e t  drop cove r i ng  a 

l a r g e  area. The i n i t i a l  survey was probably  performed a f t e r  some 

movement had a1 ready taken p l  ace; t h e  i n i  t i  a1 survey apparent1 y f o l  1 owed 

r e c o g n i t i o n  o f  some su r face  drop. Four se t s  o f  photographic  coverage 

showed moderate t o  ser ious  crop l o s s  caused by s p o t t y  t o  t o t a l  f a i l u r e  

i n  germina t ion  w i t h i n  t h e  lowes t  areas w i t h i n  s i t e  43 ( l a r g e  area o f  

subsidence a t  south end o f  s tudy area, f i g s .  5, 6, and 7 ) .  A e r i a l  

photography d u r i n g  t h e  1970s i n d i c a t e s  t h a t  t h e  rough ly  20 ac re  b l o c k  



around s i t e  43 was no longer  p lan ted  i n  corn. F i e l d  checks d u r i n y  t h e  

s p r i n g  o f  1980, 1981 and 1982 showed s u b s t a n t i a l  ponding. We do n o t  

know i f  f i e l d  t i 1  e  was used o r  i f  an at tempt  was made t o  d r a i n  s i t e  43. 

Eva lua t i on  o f  t h e  e f f e c t  o f  f i l l i n g  o r  p a r t i a l  f i l l i n g  on 

subsidence s i  gnatures was no t  possi b l  e because o f  a l a c k  o f  "ground 

t r u t h "  i n f o rma t i on .  But  t h e  e l  i m i n a t i o n  o f  dra inage problems probably  

w i  11 no t  comple te ly  obscure s o i l  mo i s tu re  p a t t e r n s  assoc ia ted w i t h  

subsidence s i t e s ;  t hey  a re  commonly seen on imagery, p a r t i c u l  a r l y  d u r i  ny 

d r y  seasons. For example, t he  o u t l i n e s  o f  n e a r l y  two thousand year  o l d  

Roman camps i n  t h e  Un i ted  Kingdom can be mapped from a i r  photography o f  

plowed f i e l d s  (S t .  Joseph, 1973). These a l t e r a t i o n s  t o  t he  s o i l  and 

subso i l  appear t o  be long- term e f f e c t s ,  and under t h e  proper  c o n d i t i o n s  

a l l o w  f o r  i d e n t i f i c a t i o n  we l l  a f t e r  t h e  event occurred. However, as 

noted above, e f f o r t s  t o  c o r r e c t  t h e  subsidence may weaken t h e  v i s u a l  

i n d i c a t o r s  f o r  subsidence t o  the  p o i n t  where d e t e c t i o n  becomes 

imposs ib le  on t y p i c a l  a e r i  a1 photographs . 

CONCLUSIONS 

For  best  r e s u l t s  i t  i s  des i  r a b l  e  t o  have m u l t i  p l  e  coverage by 

h i g h  q u a l i t y  s t e reo  p a i r s  o f  a e r i a l  photoyraphy o f  t h e  area o f  i n t e r e s t ,  

i d e a l l y  a t  sca les between 1:2000 t o  1:10,000, bu t  no t  l e s s  than 

1 :24,OOO. Re1 i e f  change ( e  .g . , "ou t -o f -p l  ace" topograph ic  1  ow) , 

a1 t e r a t i o n  o f  dra inage,  qua1 i t y  o f  dra inage,  and chanye i n  l and  use are 

t h e  p r i  n c i  pa l  i n d i c a t o r s  used t o  i d e n t i  f y  p o s s i b l e  s i t e s  o f  subsidence; 

s u b t l e  d i f f e r e n c e s  i n  t e x t u r e  and tone o f  photos p rov ide  impor tan t  c lues.  

F o r t y - f o u r  i n v e s t i g a t e d  s i t e s  were found on a e r i a l  photos o f  

t h e  t e s t  area around and over t h e  l a r g e  No, 6 Mine o f  t h e  Madison Coal 

Corporat ion.  Twenty-six of t h e  44 s i t e s  cou ld  be cons idered p o s s i b l y  



re1 a ted  t o  coal  mine subsidence. O f  these 26 p o s s i b l e  subsidence s i t e s ,  

13 were p r e v i o u s l y  i n d i c a t e d  as subsidence by J .  C. Quade's r e p o r t  o r  

were marked on t h e  mine map as squeeze areas i n  t h e  mine. 

Th i s  study was performed i n  a g l a c i a t e d  area which has n a t u r a l  

su r f ace  depressions and pa t te rned  ground fea tu res .  Therefore,  t h e r e  are 

no s imp le  v i s u a l  i n d i c a t o r s  t o  l o o k  f o r  on a e r i a l  photos t o  p o s i t i v e l y  

i d e n t i f y  coal  mine subsidence, The sur face  anomal i e s  have t o  be 

superimposed over t h e  mine p l  an. The anomal i es over t h e  p roduc t i on  

panels o r  o the r  h i gh  e x t r a c t i o n  areas may be considered poss ib l e  coal  

mine subsidence events, 

F i l l  i n g  o f  lows c rea ted  by subsidence and r e t i l  i n g  may o r  may 

no t  obscure a subsidence s i t e  and a f f e c t  c rop  product ion,  Also, sha l low 

subsidence may be t oo  s u b t l e  t o  be de tec ted  on a e r i a l  photographs, 

un less  h i y h  r e s o l u t i o n  photos were taken a t  an " i d e a l "  t i m e  (e.g., a f t e r  

r a i n ) .  

Th i s  s tudy showed t h a t  i f  eva lua t i ons  were made on t h e  bas i s  

o f  photographic  i n f o r m a t i o n  alone, su r f ace  depressions caused by  

subsidence would be over1 ooked and na tu ra l  g l  a c i  a1 depress i  ons would be 

counted as subsidence fea tu res ,  I f  t h e  s tudy area was en la ryed  more 

than  one-quarter m i l e  around t h e  mine boundary, many more n a t u r a l  

depressions would have been i nc l uded  i n  t h i s  study, 

FUTURE RESEARCH 

E f f i c i e n c y  i n  d e t e c t i o n  o f  subsidence s i t e s  on a i  r photography 

cou ld  be improved i n  severa l  ways. Custom photography w i t h  sca les o f  

1:4000 t o  1:10,000 i s  i d e a l ,  I n f r a - r e d  imagery, which emphasizes 

n a t u r a l  dra inage fea tu res ,  would ass i  s t  i n  p i c k i  ng ou t  subsidence s i t e s  

which fa1 1 by chance alony na tu ra l  drainaye, A1 so, i n f r a - r e d  o r  b lack  



and wh i t e  imagery taken a t  t h e  c o r r e c t  t ime  a f t e r  a heavy r a i n  can 

enhance any s u b t l e  e l e v a t i o n  changes r e l a t e d  t o  subsidence. 

Mu1 ti p l  e se ts  o f  a e r i a l  photographs over more r e c e n t l y  mined 

areas would g i v e  b e t t e r  t ime  b racke ts  f o r  t h e  subsidences and a l l o w  

s tudy  o f  t h e  t i m i n g  and frequency o f  subsidence r e l a t i v e  t o  m in ing  

method, e x t r a c t i o n  r a t i o ,  mine r o o f  charac te r ,  e t c .  Eva lua t i on  o f  

remedial  e f f o r t s  t o  r e c l a i m  subs idence-af fected acreage cou ld  a1 so be 

pursued us ing  t h i s  technique.  
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Table 1. Summary o f  Nature o f  I n d i c a t o r s  f o r  Each S i t e  
f o r  A l l  Sets o f  Photo Coverage 

P o s i t i v e  I n d i c a t o r s  
Sets  o f  Strong Weak Neutra l  

S i t e  A i r  Photo Tone/ Tone/ ( A l t e r e d  o r  Negat ive 
Number Coverage Topo. Text. Topo. Text. Obscured) (Not Seen) 



Tab1 e  2, Resu l ts  o f  I n v e s t i g a t i o n  

Anomaly 
Present  

S i t e  on A i r  
Number Photos Comments 

Pos, Neg, 

F a i r  pe rs i s t ence  o f  anomaly throughout  a i r  
photo coveraye 

Poor p e r s i  stence 
Poor pe rs i  stence 
Poor p e r s i  stence 
Poor pe rs i  s tence 
Poor p e r s i  stence; Quade s i t e  
St rong pe rs i  stence, l i e s  on n a t u r a l  dra inage 
Good p e r s i  stence, 1 i e s  on n a t u r a l  d r a i  nage 
I d e n t i f i e d  as a  man-made pond a1 ong a  stream 
Fa i  r p e r s i  stence, 1  i es on n a t u r a l  drainage; 

Quade s i t e  
Poor pe rs i s t ence  
Wide area o f  pa t te rned  s o i l  , be1 ieved  

un re la ted  t o  subsidence 
F a i r  pe rs i s t ence  o f  weak i n d i c a t o r s  
Poor pers is tence ;  appears t o  be n a t u r a l  

re1 i e f  
Poor p e r s i  stence 
Poor pers is tence ;  Quade s i t e  
Good p e r s i  stence; 1  i e s  by n a t u r a l  d ra inage  

e r s i  stence; smal l area 
St rong p e r s i  stence; s t r ong  i n d i c a t o r s  
One i n d i c a t o r  seen on one coverage; Quade 

s i t e  
S t  rony pe rs i  stence; s t r ong  i n d i c a t o r s  
Good p e r s i  stence; Quade s i t e  
St rong pers is tence ;  s t r ony  i n d i c a t o r s ,  f i e l d  

survey; Quade s i t e  
Poor pers is tence ,  f i e l d  survey; Quade s i t e  
St rong p e r s i  stence; s t r ong  i n d i c a t o r s  
Good pe rs i  s tence 
F a i r  p e r s i  stence 
Poor pe rs i  stence; Quade s i t e  
F a i r  pe rs i s t ence  on e a r l y  cover, 1  i e s  on 

n a t u r a l  dra inage 
Good pe rs i s tence  o f  odd t o n e / t e x t u r e  
Good pe rs i  stence; 1  i e s  on na tu ra l  dra inage 
F a i r  pe rs i s t ence  o f  weak i n d i c a t o r s  
St rong pe rs i  stence; Quade s i t e  
St rong p e r s i  stence 
Fai  r pe rs i  s tence 
Good p e r s i  stence; probably  Quade s i t e  
Fai  r pe rs i  s tence 
No i n d i c a t o r s  seen on any coverage; Quade 

s i t e  



Tab le  2. Continued 

Anornal y 
Present  

S i t e  on A i r  
Number Photos Comments 

Pos. Ney. 

39 2 6 Poor pers is tence ,  f i e l d  survey; Quade s i t e  
40 4 4 Fai  r pe rs i  stence, l i es on n a t u r a l  dra inage 
41 6 5 F a i r  pers is tence ;  Quade s i t e  
42 6 2 Fai  r p e r s i  s tence o f  s t r ong  i n d i c a t o r s  
43 10 1 Strong p e r s i  stence, s t r ong  i nd i  ca to rs ,  f i e l d  

survey; Quade s i t e  
44 7 3 Good p e r s i  s tence 



Table 3. Summary o f  I n fo rma t i on  on Each S i t e  

S i t e  

Quade , 
Surveys, 

Not Under- O r  Mine- Semi - 
mined, Not Map Squeeze F i n a l  F i  na l  

Number* Anomal i es* Over Panel ~ u b s i  dence Judgement Judgement 
Pos. Neg. 



Table 3. Continued 

Quade, 
Surveys, 

Not Under- O r  Mine- Semi - 
S i t e  mined, Not Map Squeeze F i n a l  F i na l  

Number* Anomalies* Over Panel Subsidence Judgement Judgement 
Pos, Ney. 

*From Table 2 
N = Not Undermined 
Q = Quade Subsidence S i t e  

Su = Surface Survey o f  Subsidence 
M = Subsidence Shown on Mine Map 
S = Subsidence 

PIP = Subsidence Poss ib l e  o r  Probable 
U = Subsidence U n l i k e l y  



Tab1 e 4, Year Panel s Were M i  ned Under Possi b l  e/Probabl e 
Subsidence S i  t e s  

Year Min ing 
Completed o r  

pe r iod  o f  Mining Dat ing In fo rmat ion  on Subsidence Event 
1 1922 

Surface t rough surveyed i n  1912 
Surface t rough surveyed i n  1912 

On 1925 map 
On 1925 map 
On 1925 map 

Surface t rough surveyed i n  1912 

Surface t rough surveyed i n  1929 

*Panels be fore  1918 were not  dated on mine map. 



Figure 1. Location of Divernon study area. 
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Figure 2. Mine plan typical of No. 6 Mine sf Madison 





Figure 4. Map and subsidence profiles of production panel in No. 6 Mine of Madison Coal Corporation, site 43 
(based on survey by Quade, 1934). 









Appendix A 

A i r  Photoyraphy Used i n  Study 

Date F l  i g h t ( s )  Source Coveraye Sca le  

August 1939 

June 1950 

June 1956 

J u l y  1956 

March 1962 

August 1962 

January 1965 

J u l y  1965 

September 1968 

February  1977 

November 1977 

A.SoCoSo F u l l  

AmSaCmSo F u l l  

I,D.O,T. P a r t i a l  

A,S.C.S. F u l l  

I.D.O.T. F u l l  

A.S,C,S. F u l l  

IeDoOeTa P a r t i a l  

I ,D.O.T, P a r t i a l  

A.SoCoS. F u l l  

I T P a r t i a l  

I oDeOeTe F u l l  




