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T{INERALOGY OF THE CRANDALL CANYON UII{E OVERBI'RDEN,
II.IPLICATIONS FOR HEALING OF FRACTI'RES RNSUTTING FROI{ RETREAT I,IINING

1.0 II{TRODUCTION

The mineralogy of Genwal Coal Company Incorporated's Crandal l  Canyon Mine

overburden vas  inves t iga t ,ed  t ,o  de termine i f  f rac tu res  tha t  resu l t .  f rom re t rea t

m i n i n g  w i l l  b e  n a t u r a l l y  s e l f - h e a l i n g .  S e l f - h e a l i n g  f r a c t u r e s  a r e  t h o s e  t h a r ,

c l o s e  n a t , u r a l l y  f o l l o w i n g  r e t r e a t  m i n i n g .  F r a c t u r e - h e a l i n g  p r i n c i p a l l y  o c c u r s

a s  a  r e s u l t  o f  ( 1 )  c l a y m i g r a t , i o n a n d  s s e l l i n g ,  ( 2 )  m i n e r a l i z a E i o n a l o n g  f r a c t u r e

p lanes ,  and, /o r  (3 )  phys ica l  c losure  o f  f racEures .  Frac t ,u res  tha t ,  a re  c rea ted

fo l low ing  re l rea t ,  m in ing  may in i t ia l l y  a l low water  to  escape f rom perched

agu i fe rs  in te rsec ted  by  f rac t ,u re  p lanes .  However ,  upon f rac tu re-hea l ing ,  wa ler

is  no  longer  permi t ted  to  t rave l  a long the  f rac tu re  and escape f rom the  perched

aqu i fe r .  fn  compar ison  t ,o  hea l ing  o f  f rac tu res  by  minera l i za t ion ,  sea l ing  o f

f rac tu res  by  c lay  migra t ion /sve l l ing  and phys ica l  movement  o f  f rac tu re  p lanes

o c c u r  r e l a t i v e l y  f a s E .

The impor t ,ance o f  de t .e rmin ing  i f  f rac tu re-hea l ing  can occur  i s  s ign i f i canE

due to  PotenEia l  a f fec ts  on  perched aqu i fe rs  o f  permanent ly  open f rac lu res .  The

most  ex t reme det r imenta l  e f fec t  i s  d ra in ing  o f  la te ra l l y  con t inuous  aqu i fe rs ,

caus ing  seePs and spr ings  to  run  dry ,  Lhereby  d is rup t ing  s tock  an imal  and

wi ld l i fe  sa t ,e r  supp l ies .  The consequences  o f  f racEur ing  in to  and dra in ing  o f

v a t e r  f r o m  l o c a l ,  l a t . e r a l l y  d i s c o n t i n u o u s  a q u i f e r s  a r e  c o n s i d e r e d  t o  b e  m u c h  l e s s

t h a n  p e r m a n e n t ,  d i s r u p t i o n  o f  r e g i o n a l  a q u i f e r s ,  s i n c e  l a t e r a l l y  d i s c o n t i n u o u s

aqu i fe rs  a re  genera l l y  incapab le  o f  supp ly ing  the  vo lumes o f  sa t ,e r  t ,o  the  sur face

tha t  Ehe reg iona l  aqu i fe rs  can.  Seep and spr ing  s tud ies  per fo rmed by  Ear thFax

Eng ineer ing  a t ,  t ,he  regues t  o f  Genva l  Coa l  Company,  and a  hydro log ic  inves t iga t ion

conducted  by  L ines  (1985) ,  ind ica te  the  aqu i fe rs  over ly ing  t ,he  H iawaEha Coa l  seam

a r e  p e r c h e d  a q u i f e r s  w i t h  l i m i E e d  l a t . e r a l  e x t e n t .  D r i l l i n g  a n d  m o n i E o r i n g  w e l l
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data  in  t ,he  Genwal  Mine  area  ind icaEe the  reg iona l  B lackhar* -S tarpo in t  aqu i fe r

o f  L i n e s  ( 1 9 8 5 )  u n d e r l i e s  t h e  H i a w a t h a  C o a l ,  a n d  h e n c e  w i l l  n o t  b e  a f f e c t e d  b y

f racEur ing  o f  the  overburden dur ing  re t , rea t  min ing .

T h i s  r e p o r !  i s  d i v i d e d  i n t o  s e v e n  s e c t i o n s ,  i n c l u d i n g  E h i s  i n t r o d u c t , i o n .

Secu ion  2  conEa ins  a  sunmary  o f  t ,he  methodo logy  used to  deEermine the  presence

of  fac to rs  Ehat ,  suggesE f rac t ,u re-hea l ing  v i l l  occur .  Sec t ions  3  and 4  presenE

f i n d i n g s  i n d i c a E i n g  t h a t  f r a c t u r e - h e a l i n g  c a n  o c c u r  b y  t b e  P r o c e s s e s  o f  c l a y

m i g r a t i o n / s w e l l i n g  a n d  m i n e r a l i z a t , i o n ,  r e s p e c t i v e l y .  S e c E i o n  5  p r e s e n t s  a  r e v i e w

o f  a  U . S . F . S .  s c u d y  c o n d u c E e d  a E  E h e  S U F C o  m i n e ,  w h e r e  t h e  p h y s i c a l  c l o s u r e  r a t e s

o f  subs idence f racEures  are  repor ted .  SecEion  5  summar izes  t ,he  f ind ings  o f  th is

i n v e s t i g a t i o n ,  a n d  a s s e s s  t h e  p r o b a b i l i f y  o f  L h e  o c c u r r e n c e  o f  f r a c t u r e - h e a l i n g

of  the  Cranda l l  Canyon l ' { ine  overburden.  And f ina l l y ,  re fe rences  are  l i s ted  in

S e c t i o n  7 .
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2.0 UETHODOLOGY

To ident i f y  Ehe spec i f i c  minera logy  o f  the  Cranda l l  Canyon Mine overburden,

x ' ray  d i f f rac t ion  (XnO)  and Eh in  secEion  pe t rograph ic  ana lyses  l te re  conducted  on

sha le  and s i lEs tone ob ta ined f rom exp lo ra to ry  d r i l l  ho le  cores  tha t  encountered

the  B lackhawk,  Cast . lega t ,e ,  and Pr ice  R iver  Format , ions .  XRD ana lyses  o f  each

s a m p l e  c o n s i s t e d  o f  t h e  f o l l o w i n g  f o u r  t e s E s :

A i r -d ry  bu lk  sample
Scan range f rom 10o to  65"  2 -Theta
Speed =  20  2-TheEa, /minu te ,

A i r - d r y  c l a y  m i n e r a l  i d e n t i f i c a E i o n
Scan range f rom 20 to  10o 2-Theta
Speed =  10  2-Theta /minu t ,e ,

Vapor glycoLazal ion -  c lay mineral  character izat, ion
Scan range f rom 20 to  10o 2-Theta
Speed =  lo  2 -TheLa/minute ,  and

Quar tz  s t ,andard  and repeaEs o f  o f f -sca le  peaks .

XRD analyses vere conducted on 12 samples (6 from the Blackhawk, 3 from the

Cast legace,  and 3  f ro rn  the  Pr ice  R iver  Format , ion) .  t { in ing  in  the  Cranda l l  Canyon

Mine takes  p lace  in  Lhe H iawatha Coa l  seam,  r lh ich  l ies  aE the  base o f  the

Blackhawk Format ion .  The Cast legate  Format ion  over l ies  the  B lackhawk,  and Ehe

Pr ice  R iver  Format ion  over l ies  the  Casc legate .  A  la rger  number  o f  samples  l re re

co l lec ted  and ana lyzed f rom Ehe B lackhawk than the  CasElegaEe and Pr ice  R iver

Format , ions ,  s ince  the  la rges t  degree o f  f rac tu re  deve lopment  w i l l  occur  in  t ,he

Blackhawk Format , ion .  Minera l  amount ,s  nere  measured by  we ighr  percent .

Th in -sec t ions  o f  t ,hese L2  samples  were  prepared and ana lyzed v i th  a

p e c r o g r a p h i c  m i c r o s c o p e  u n d e r  b o c h  p l a n e -  a n d  c r o s s e d - p o l a r i z e d  I i g h t .

1 .

2 .

3.

4 .
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Pet rograph ic  ana lyses  r re re  conducted  Eo document ,  c lay  d is t r ibu t ion ,  t ,hereby

e n a b l i n g  a s s e s s m e n t ,  o f  c l a y  d i s t r i b u c i o n  a f f e c t s  o n  f r a c t u r e  h e a l i n g .

To assess  the  l i ke l ihood thaE minera l i za t , ion  a long subs idence f rac t ,u re

p l a n e s  w i l I  o c c u r ,  r h e  f o l l o w i n g  w e r e  a n a l y z e d :

1. vat.er chemistry of groundvaE,ers present,  in the mine overburden,

2 .  p resence o f  minera l  phases  thaE cou ld  p rec ip i ta te  a long f rac tu re
p lanes  and hea l  f rac tu res ,  and

3 .  c h e m i c a l  c o n d i t i o n s  c o n c r o l l i n g  d i s s o l u t i o n  a n d  p r e c i p i t a t i o n  o f
t h e s e  m i n e r a l  p h a s e s .

Wat,er chemi s try of mine overburden groundwat,er l tas analyzed by

invesEigaEing  labora tory  and f ie ld  ana lyc iea l  resu l ts  o f  sa ter  samples  co l lee ted

f rom spr ings  in  the  area .  Spr ing  samples  nere  co l lec ted  a t  po in ts  o f  spr ing

issuance. Knovledge of mineral  phases present in st ,rata of che mine overburden

capab le  o f  d isso luE ion  and prec ip i ta t ion ,  l re re  ob ta ined th rough inves t iga t ion  o f

mine  overburden core  samples .  Chemica l  cond i t ions  cont ro l l ing  d isso lu t ion  and

prec ip i ta t ion  o f  overburden minera l  phases  l re re  assessed f rom a  rev iew o f  cur ren t

aqueous geochemis t ry  I i t ,e ra tu re .

To de termine i f ,  and  to  l rhaE degree,  phys ica l  movement  o f  f rac tu re  p lanes

wou ld  resu l t  in  f rac tu re-hea l ing ,  a  F ish  Lake Nat iona l  Fores t  inves t igac ion  o f

E,ension crack sel f-heal ing phenomenon lras reviewed.
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3.0 POTENTIAL FOR FRACTT'PJ HEALING FROI{ CI.AY I{IGRATION

One o f  the  pr inc ipa l  means o f  f rac tu re  hea l ing  in  the  Cranda l l  Canyon Mine

overburden is  v ia  c lay  migra t ion .  Migra t ion  o f  c lay  minera ls  a long subs idence

f r a c t , u r e s  i s  g e n e r a l l y  b e l i e v e d  t o  r e s u l t  i n  f r a c E u r e  h e a l i n g  a E  d i s t a n c e s

great.er chan 9 mine sidths above the mined interval  (Crandal l  Canyon Mine M&RP,

C h a p E e r  1 2 ) . C lay  minera ls  a re  p r inc ipa l l y  respons ib le  fo r  hea l ing  o f

subs idence f rac t ,u res .  The c lay  minera ls  r l i th  the  grea tesE capac i ty  fo r  hea l ing

f r a c t u r e s  a r e  t h e  s w e l l i n g  c l a y s ,  p r i n c i p a l l y  E h e  s m e c t i E e  ( b e n t o n i t e )  e l a y s .

S m e c t i E e  c l a y s  p o s s e s s  s v e l l i n g  p r o p e r t i e s  d u e  t o  t h e i r  h i g h  c a E i o n - e x c h a n g e

c a p a c i t , i e s  ( B a t e s  a n d  J a c k s o n ,  1 9 8 0 ) .  T h i s  s w e l l i n g  p r o p e r t y  e n a b l e s  t h e

smect iLe  c lays  t ,o  sea l  f rac tu res .  Smect i te  i s  a  s tandard  sa ter  p lugg ing  agenL

used in  g roundvat ,e r  mon i to r ing  ve l l  comple t ions  due to  iEs  i ra t ,e r  sea l ing

P r o P e r E y .

XRD analyses of samples col lected from the Crandal l  Canyon Mine overburden

r e v e a l  E h e  p r e s e n c e  o f  s i g n i f i c a n t  q u a n t i t i e s  o f  s m e c L i t i c  c l a y s .  T a b l e  I

conEa ins  a  sununary  o f  the  XRD data ,  wh i le  Append ix  I  conca ins  cop ies  o f  the  raw

XRD data .  Smect i t . i c  c lay  var ie t ies  found inc lude mixed- layer  smect i te -ch lo r i te

a n d  s m e c t i E e - i l l i t e .  P u r e  s m e c t i t e  l r a s  f o u n d  i n  o n e  P r i c e  R i v e r  F o r m a E i o n

sample .  Smect , i t i c  c lay  cont ,en t  o f  che  B lackhawk Format ion  averages  24 .32  ( range:

3Z to  34 i ( ) .  Smect i t i c  c lay  conten t ,  o f  the  Cast legace Format ion  s i lEscones and

sha les  average L97 ( range:  7Z to  297, ) .  Pr ice  R iver  smect i t i c  c lay  conten t

averages  L4 .72  ( rangez  47  to  2gZ) .

XRD ana lyses  (Tab le  1 )  a lso  revea l  the  presence o f  add i t iona l  c lay  minera ls

l h a t  w o u l d  a i d  i n  f r a c t u r e - h e a l i n g ,  ( m o s t  n o t i c e a b l y ,  k a o l i n  a n d  i l 1 i t e ) .

B l a c k h a w k  F o r m a t i o n  k a o l i n  a n d  i l l i t e  q u a n t i t i e s  a v e r a g e  5 . 5 2  a n d  2 . l Z '

respecEive ly .  Cas t legate  FormaE, ion  kao l in  and i l l i te  quanEi t ies  average 5Z and

0 . 6 7 . ,  r e s p e c t i v e l y .  T h e  q u a n t i t i e s  o f  P r i c e  R i v e r  k a o l i n  a n d  i l I i t e  a v e r a g e  5 . 6 7



o
MINERALOGY OF

CRANDAI, I . ,  CANYON
MINE OVTRBIJ ITDEN

SAMPLE NO.

MINERALOGY, APPROX. WT.U (or) RELATTVE ABUNDANCE

BLACKI IA t ' JK FM.

D H - 3  4 3 6 - 4 3 6 . 3

t ) l t - 5  8 0 9 - S 0 9 .  5
D i l - 6  6 4 5 - 6 4 5 . 5

t - 7  1 4 7 0 . 3 - t 4 7 0

CASTI.EGATE FM.

t ) n - 5  5 5 3 - 5 5 3 . 4

l ) I l - 6  5 5 6  -  5 - : 5 5 7
D l t - 7  7 6 6 - 7 6 6 . 3-

P R I C E  R I V

U I r - J  J t J q .  J - J t J 4 .

D i l - 6  1 r 9 . 5 - 1 1 9 . 6

MM = PREDOMINANT M = MAIOR m = MINOR Tr = TRACE ? = TENTATIVE IDENTIFTCATION

A
T

SI.]MIVIARY OF X-RAY DIFFRACTION ANATYSISTINTVERSITY OF UTAH RESEARCH INSTITUTE , EARTH SCIENCE IJIBORATORYABLE 1 :  SUMMARY oF X-RAY DTFFRACTToN ^ IT I I
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posess  the  swe l l ing

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

a n d  2 . 5 7 ,  r e s p e c t i v e l y .  A l t h o u g h  t h e s e  c l a y  m i n e r a l s  d o  n o E
charac ter is t , i cs  o f  smect , i t ,e ,  the i r  p resence wou ld  c rea te  a
t,he movemenL of sat,er within t ,hat.  f racEure.

PeLrograph ic  mic roscope ana lyses  o f  the  Cranda l l  Canyon Mine overburden ( in
add i t ion  to  the  xRD ana lyses)  a lso  revea l  Ehe presence o f  sve l l ing  c lays .
RepresenEat ive  phot ,omic rographs  o f  B lackhavk  FormaEion sha les  appear  in  F igures
1 and 2 .  F igures  3  and 4  conta in  Cast legate  Format ion  photomicrographs ,  s i th
Pr ice  R iver  Format ion  photomicrographs  appear ing  in  F igures  5  and 6 .  The wh iEe
o r  l i g h t  g r e y  P a t c h e s  i n  t h e  p l a n e - p o l a r i z e d  l i g h t  p h o t o s  ( f i g u r e s  l ,  3 ,  a n d  5 )
a r e  s i l t - s i z e  q u a r t z  g r a i n s .  Q u a r t z  g r a i n s  a r e  f l o a t i n g  i n  a  f i n e - g r a i n e d  m a t , r i x
c o m p o s e d  o f  t h e  c l a y  m i n e r a l s  ( s m e c t i t , e ,  m i x e d - l a y e r  c h l o r i E e - s m e c t i t , e ,  m i x e d -
l a y e r  i l l i c e - s m e c t i t e ,  k a o l i n ,  a n d  i l l i t e ) .  T h e  y e l l o v  c o l o r  i s  d u e  t o  E h e
Presence o f  i11 i te .  The l inear  b lack  or  dark -brown pat ,ches  are  re la t i ve ly  lh ick
accumula t , ions  o f  t ,hese c lay  minera ls . The long Ehin black l inear fearure

Present '  in  che cas t legaE,e  Format ion  p ic tu res  (F igures  3  and 4)  i s  a  f rac tu re
sea led  (c losed)  by  compact ion  o f  the  c lay  minera ls .

T h e  c r o s s e d - p o l a r i z e d  l i g h t  m i c r o p h o t o g r a p h s  ( F i g u r e s  2 ,  4 ,  a n d  6 )  a l s o
revea l  the  Presence o f  the  guar tz  g ra ins .  Here  the  quarEz gra ins  appear  as  vh i te
and opaque b lack  pa tches .  The bu lk  o f  the  samples  are  composed o f  a  c lay  minera l
mat r ix ,  wh ich  appears  as  ye l lov  ( i f f i te )  and the  smal l  dark  g ranu lar  speck les .
T h e  s w e l l i n g  c l a y  m i n e r a l s  o c c u r  a s  a  v e l l - m i x e d  m a t r i x ,  s u p p o r E i n g  t h e  s i l t - s i z e
quar tz  g ra ins  ra ther  than as  a  cement  enc i rc l ing  the  quar tz  g ra ins .  As  a  resu l t ,
the  swe l l ing  c lays  can be  easy  Eranspor ted  by  mov ing  sa ters  a long t ,he  f rac tu re
p l a n e s .
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Blackharrk Formation shale photomicrograph. Dri l l  hole /15, depth G45
t o  6 4 5 . 5  f e e t .  P l a n e - p o r a r i z e d  r i g h 1 .  H a g n i f i c a c i o n :  1 2 5 x ,  s h o r c
ax is  o f  photo  is  0 .8  mm in  length .  The up-d i rec t ion  is  to  the
r i g h c .  c l a y  m i n e r a l s  ( m i x e d - l a y e r  i l l i t e - s m e c t i t e ,  m i x e d - l a y e r
ch lo r i te -smect , i te ,  i11 i te ,  and kao l in  occur  as  a  mix tu re ,  and appear
as  the  green ish-grey  f ine-gra ined mat r ix .  Dark  r inear  pa t ,che .  . r "
c o m p r e s s e d  c l a y  m i n e r a r s .  w h i t e  a n d  b l a c k  g r a i n s  a r e  s i l l - s i z e
quar t ,z  g ra ins .
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Figure 2

I n c . Mineralogy & Fracture Healing
April 1992

Blackhavk Formacion shale photomicrograph. Dri l l  hole /16, depch 645
E o  6 4 5 . 5  f e e t .  c r o s s e d - p o l a r i z e d  l i g h t .  M a g n i f i c a t i o n :  1 2 5 x ,  s h o r t
ax is  o f  phoco is  0 .8  mm in  lengch.  The up-d i rec t ion  is  to  Ehe
r i g h r -  c r a y  m i n e r a r s  ( m i x e d - r a y e r  i l l i t e - s m e c t , i t e ,  m i x e d - l a y e r
ch lo r iEe-smect ice ,  i l l i te ,  and kao l in  occur  as  a  mix tu re ,  and appear
as  the  ye l low ish ,  g reen,  and b lack  f ine-gra ined mat r ix .  y l l low
co lor  o f  c lay  minera ls  i s  due to  i r r i te  minera l  p resence.  wh i te  and
b lack  gra ins  a re  s i l t -s ize  quar tz  g ra ins  sur rounded by  c lay  mat r ix .
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Figure 3

I n c . Hineralogy & Fracture Healing
April 1992

cas t legace Format ion  sha le  phoromicrograph.  Dr i l l  ho le  /15 ,  depEh
5 5 5 . 5  t o  5 5 7  f e e r .  p l a n e - p o l a r i z e d  l i g h r .  M a g n i f i c a r i o n z  L Z S x ,
shor t  ax is  o f  phoro  is  0 .8  mm in  length .  The up-d i recE ion  is  to  the
r i g h t .  c l a y  m i n e r a l s  ( n i x e d - l a y e r  i l l i t e - s m e c t i t e ,  m i x e d - r a y e r
c h l o r i t e - s m e c E i t e ,  i l l i t e ,  a n d  k a o r i n  o c c u r  a s  a  m i x t u r e ,  a n d  a p p e a r
as  the  green ish-grey  f ine-gra ined mat r ix .  The long th in  61ac t
I inear  fea t .u re  i s  a  f rac tu re  sea led  s i th  compressed c iay  minera ls .
W h i t e  a n d  b l a c k  g r a i n s  a r e  s i l t - s i z e  q u a r t z  g r a i n s .
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Figure 4

I n c . Mineralogy & FracEure Healing
April 1992

cas t legate  Formar ion  sha le  photomicrograph.  Dr i l l  ho le  /16 ,  depth
5 5 6 . 5  t o  5 5 7  f  e e r .  c r o s s e d - p o l a r i z e d  l i g t r r .  l { a g n i f  i c a r i o n :  L 2 5 x ,
shor t  ax is  o f  photo  is  0 .8  mm in  length .  rne  up-d i rec t ion  is  to  Ehe
r i g h l .  c l a y  m i n e r a r s  ( m i x e d - l a y e r  i l l i t e - s m e c r i t e ,  m i x e d - L a y e r
ch lo r i te -smect , i te ,  i l l i te ,  and kao l in  occur  as  a  mix tu re ,  and appear
as  the  green ish-ye1 lov  f ine-gra ined mar , r i x .  The long ch in  b tack
I inear  fea t ,u re  i s  a  f racEure  sea led  n i th  compressed c ray  minera ls .
W h i t e  a n d  b l a c k  g r a i n s  a r e  s i l t - s i z e  q u a r t z  g r a i n s .

1 t
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Figure 5

I n c . Mineralogy & Fracture Healing
April 1992

Pr ice  R iver  Format ion  sha le  phoromicrograph.  Dr i l l  ho te  /16 ,  deprh
1 1 9 . 5  c o  1 1 9 . 6  f e e r .  p l a n e - p o l a r i z e d  l i g h t .  M a g n i f i c a r i o n  :  L 2 5 x ,
shor t ,  ax is  o f  phoro  is  0 .8  mm in  lengrh .  The up-d i rec t ion  is  Eo Ehe
r i g h c .  c l a y  m i n e r a l s  ( s r n e c t i t e ,  m i x e d - l a y e r  i l l i t e - s m e c t i t e ,  n i x e d -
layer  ch lo r i te -smect , i te ,  i11 i te ,  and kao l in  occur  as  a  mix t ,u re ,  and
aPPear  as  the  ye l low ish-brown f ine-gra ined mat r ix .  t {h i te  and b lack
g r a i n s  a r e  p y r i t e  a n d  s i l t - s i z e  g u a r t z  g r a i n s .

l 2
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Figure 6

I n c . Mineralogy & Fracture Healing
April i992

Pr ice  R iver  Format ion  sha le  photomicrograph.  Dr i l l  hore  /16 ,  depth
1 1 9 . 5  t o  1 1 9 . 6  f e e r .  C r o s s e d - p o l a r i z e d  l i g h r .  M a g n i f i c a r i o n :  1 2 5 x ,
shor t  ax is  o f  photo  is  0 .8  mm in  lengch.  The up-d i rec t ion  is  Eo the
r i g h t .  C l a y  m i n e r a l s  ( s m e c c i t e ,  m i x e d - I a y e r  i l l i t e - s m e c t i t e ,  m i x e d -
l a y e r  c h l o r i t e - s m e c E i t e ,  i l l i t e ,  a n d  k a o l i n  o c c u r  a s  a  m i x t u r e ,  a n d
aPPear  as  the  green ish-ye l low f ine-gra ined maEr ix .  l {h i te  and b lack
g r a i n s  a r e  p y r i t e  a n d  s i l t - s i z e  q u a r t z  g r a i n s .
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4.0 POTEI,ITIAL FOR FRACTUR^E HEALING FROU MINERALIZATION

Analyses  o f  g roundwaEer  chemisLry ,  Ehe presence o f  minera l  phases

tha t  cou ld  p rec ip i ta t ,e  a long f racEure  p lanes ,  and chemica l  cond iE ions  cont ro l l ing

p r e c i p i t a t i o n  o f  t h e s e  m i n e r a l  p h a s e s ,  i n d i c a t e  t h a t  m i n e r a l i z a t . i o n  o f  f r a c t u r e

p lanes  produced by  subs idence min ing  w i l I  occur .  A lEhough th is  p rocess  w i l l

occur  s lower  t ,han f rac tu re  hea l ing  v ia  c lay  migrac ion ,  minera l i zaE ion  v i I -

con t r ibu te  Eo f rac tu re  hea l ing .  The pr imary  f rac tu re  hea l ing  minera l  i s  ca lc iCe

( C a C O 3 ) .

Ana lyses  o f  cores  ind ica te  ca lc i le  i s  the  dominant ,  cemenEing agent  Present

in sandstones that are contained in ghe overburden of the Crandal l  Canyon Mine.

C a l c i t e  i s  a l s o  p r e s e n t  i n  E h e  s i l L s c o n e s  a n d ,  E o  a  l e s s e r  e x t e n E ,  t h e  s h a l e s  i n

the  overburden ( taUte  t ) .  Th is  ca lc i te  i s  p resenE as  smal l  c rysEa ls  occ lud ing

a port ion of the pore network. Water chemistry analyses of overburden wat,ers

f rom 1985 th rough 1991,  ind ica te  pH va lues  range f rom about  7 .5  to  about  8 .3 .

The fo l low ing  equ i l ib ra t ion  equat ion  de f ines  the  reac t ion  be tveen d isso lved

ca lc iEe,  b icarbonat ,e ,  and f ree  OH-  (Krauskopf  ,  L979) .

Ca2* + HCO3- + OH- = CaCOr + HzQ

T h i s  r e a c t i o n  r e s u l c s  i n  p r e c i p i t a E i o n  o f  c a l c i t e .  P h  v a l u e s  a b o v e  7 . 0  i n d i c a t e

a  preponderance o f  OH-- ions  (Wal ton ,  1970) .  Th is  abundance o f  0H- - ions  dr ives

t , h e  a b o v e  e q u a t i o n  t o  t h e  r i g h c ,  r e s u l t i n g  i n  p r e c i p i t a t i o n  o f  c a l c i t e .  T h e

smaI I  c rysra l  hab i r  o f  the  ca lc i te  cemenu enab les  ca lc i te  t ,o  be  read i l y

d isso lved,  t ,hereby  enr ich ing  the  groundwater  w iEh ca lc i te  (Krauskopf  ,  L979) .  As

ev idence thaE ca lc i te  i s  be ing  prec ip i ta ted  in  t ,he  area ,  tu fa  depos i ts  a re

present ,  a t  se lec ted  spr ing  loca t ions  in  Ehe H iasa tha  Coa l  seam overburden.

L 4
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5.0 SELF-HEALING OF TENSION FRACTI'RES

ReEreaE min ing  resu l t ,s  in  borh  Eens ion  and compress ion  f rac tu res  (Dunrud,

1985) .  Due t ,o  the  la rger  s ize  o f  Ehe i r  open ings ,  tens ion  f rac t ,u res  have the

capab i l i t y  o f  be ing  more  d is rup t ive  Eo Ehe over ly ing  hydro log ie  sys t ,em than

compress iona l  f rac t ,u res .  Compress iona l  f racEures  are  he ld  c losed very  t igh t ly

by  compress iona l  fo rces ,  and t ,hus  do  no t  p rov ide  as  la rge  a  condu i t  fo r

groundvater  f lov  as  Eens ion  f rac tu res .  Fur thermore ,  compress iona l  f rac tu res  are

commonly  f i l l ed  w i t .h  gouge,  wh ich  resu lEs  in  fu r ther  sea l ing  o f  the  f rac tu re .

A s tudy  per fo rmed by  the  F ish  Lake Nat , iona l  ForesL invesEiga ted  phys ica l

se l f -hea l ing  o f  subs idence Eens ion  f racEures  in  the  overburden o f  Coasta l  S fa tes

Energy  Corpora t ion 's  SUFCo i l l .  M ine  in  Convu ls ion  Canyon,  Utah  (DeGraf f ,  1978) .

Convulsion Canyon is located approximately 40 mi les south-southeasE of the

Cranda l l  Canyon Mine.  Both  mines  l ie  in  the  l , lasa tch  P la teau,  mine  the  H iasaEha

coal seam of the Upper Cretaceous Blackhawk Format, ion, and have simi lar

overburden fo rmat ions  and I i tho log ies .  Accord ing  to  Decra f f  (1978) ,  measured

rales of tension fracLure closure ranged from less t t .an L/32 to more than 1r l4

inch  per  week;  v i t ,h  an  average se l f -hea l ing  ra te  o f  g rea ter  than 1r l15  inch  per

week. The amounL of f racture closure ranged from 13 to 100 percent.  Average

t ,ens ion  f rac tu re  c losure  is  56  percenE.  These da ta  ind ica te  tha t  55  percent  o f

the  max imum s idch  o f  che  tens ion  f rac tu res  are  se l f -hea l ing .
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6.0 SUil}TARY

Analyses  o f  H iasarha Coa l  seam overburden l i tho logy ,  g roundwaEer  chemis t ry ,

and a  tens ion  f rac tu re  se l f -hea l ing  s tudy  resu l ts  suggest  Ehat  f rac tu res

result ing from retreat mining at,  the Genwal Coal Company Crandal l  Canyon Mine

wi l l  be  se l f -hea l ing .  X- ray  d i f f rac t ion  ana lyses  revea l  the  presence o f  swe l l ing

c l a y s  i n  s i g n i f i c a n t  q u a n t , i t , i e s .  M i x e d - l a y e r  s m e c t i t e - i l l i c e  a n d  s m e c t i t e -

c h l o r i c e ,  a s  w e l l  a s  p u r e  s m e c t i t e ,  a r e  p r e s e n t .  T h e s e  s v e l l i n g  c l a y  m i n e r a l s

w i l l  serve  to  sea l  subs idence f rac tu res .  Kao l in  and i l l i te  c lay  minera ls  a re

a lso  present , ,  vh ich  w i l l  a id  in  f rac tu re-hea l ing .  Add i t iona l l y ,  r ra te r  chemis t ry

of Che overburden groundwaters indicate that f ractures can be sealed via chemical

p rec ip i ta t ion  o f  ca lc i te .  F ie ld  observae ion  records  o f  tu fa  depos i ts  a t  seePs

and spr ings  ver i f y  Ehat  ca lc i te  p rec ip i tac ion  is  tak ing  p lace .  In  add i t ion ,  a

Nat iona l  Fores t  Serv ice  subs idence f rac tu re  s tudy  in  the  reg ion  ind ica tes  thaE

56 percent  o f  t ,ens ion  f rac tu res  resu l t ing  f rom re t rea t  min ing  are  phys ica l l y

se l f -hea l ing .  Th is  phys ica l  se l f -hea l ing  occurs  l r i thouE the  a id  o f  any  c lay

migraE ion  or  minera l i zac ion  a long f racEure  p lanes .  These Ehree phenomena suggesE

thaE f rac tu res  resu l t ing  f rom re t , reaE min ing  a t  Lhe Cranda l l  Canyon Mine are

se l f -hea l ing ,  and thus  do  no t  pose a  ser ious  t ,h reaE Eo in te r rup t ion  o f  perched

aqu i fe r  water  f low.

16



GENWAL COAL COMPAI,IY, Inc.
Crandal l  Canyon Mine

Mineralogy & Fracture Healing
April 1992

SECTION 7 REFERENCES

B a t e s ,  R . L .  a n d  J a c k s o n ,  J . A .  f 9 8 0 .  G l o s s a r y  o f  G e o l o g y .  2 d  e d i C i o n .  A m e r i c a n
G e o l o g i c a l  I n s c i t u t e .  F a l l s  C h u r c h ,  V i r g i n i a .  7 4 9  p p .

D e G r a f f ,  J . V .  1 9 7 8 .  G e o l o g i c  I n v e s E i g a t i o n  o f  S u b s i d i n g  T e n s i o n  C r a c k  " S e l f -
Heal ing" Phenomenon. EnvironmenEal Geology. U. S. Department of
A g r i c u l c u r e ,  F o r e s t  S e r v i c e .  F i s h  L a k e  N a t i o n a l  F o r e s t .  9  p p .

Krauskopf ,  K .  B .  L979.  In r roducr , ion  to  Geochemis t ry .  McGraw-Hi l l  Book  Company.
Nev York, New York.

L i n e s ,  G . L . ,  1 9 8 5 .  T h e  G r o u n d - t l a c e r  S y s E e m  a n d  P o s s i b l e  E f f e c t s  o f  U n d e r g r o u n d
Coa l  Min ing  in  the  Tra i I  Mounta in  Area,  Cent , ra t  U tah .  U.S.  Geo log ica l
Survey  Water -Supp ly  Paper  No.  2259.  32  pp .

Wal t ,on ,  $ f  .C .  1970.  Groundsra ter  Resouree Eva lua t ion .  McGras-H i11  Book Company.  New
York, New York.

T7



GENWAL COAL COMPAI{Y,
Crandal l  Canyon Mine

I n c .

APPENDIX 1

X-MY DIFFRACTION AI\TALYSIS RESTILTS

Mineralogy & Fracture Healing
April 1992

18



- r l - ' . - : _ - i - - 1  i - : l l f  i I | : ,  i I ; i : I  ' i
- t - 1 - r '  1 - " i - r - 1 - T  : - t - 1 - l ' '  : ' '  I  : - ] - t - - 1 - ' -  - '
t - J . - j _ - l _ . _ - _ l  . - - F ; { - l - 1 . . . j - ; .  I . .  : ,  - - l - l  I  I  L - - - - - :

t l + . -  -  l - . - . - , - . . 1 .  i  ;  .  |  . r - ; , 1 - - - . - .

o11

- i - - : - ; i ' . . . 1 - -

l - : , i  . l  : : '

I

i

l -  - . :

f------'

l -_- - - l
t l
l t ---lr-'' --E



06tou ue 'oN



; i l i
-r - 1 -t- '

1 t - i  i
{-:-r-
I  i r ; :
!  i - f - "+

i l - ' - -
r  -  : - : - i -

I  r -L -L
' " t  

a  
- i - -

- - . -  + - .
- -  I  L .

r .  I  r - - i . + . _ l

.  t . t  .
, ; , I
,  .  r l .
r  I .i  I  r .--+++-.

, t



o6l0u ug '0N xrro^ r:N 'o' lvJ.Jlg ro-rnlcdjo3 610a1xoc 3rHdvuS





+r+-r.i_r
j 1 i

i ! :

1-1+
i-lr-r-

- - a



-fl-1-1-
flfi- i-1--r-r

.  . . - . - t -

_: t=
; l

t l l
i l l

i l i

n M o3lNtud



| t r
i :
i , l I  _, __ _go

- r t -?  |- i - r 1  - l
- - l - : - i  -  -

i

l i1 1
l 1
f 1:- -,
i i
! l

rl

I
I

. l

i

I
i

i
I

i
I

l i--r

-1.-.- . i - i
tii
l , t l :-=--ir-t+ '  @-
l i l '

i

i i j; ll l i



06L08 ug '0N



-+
I- 1 - -

-f- l-r  I-l -l--r -l

d€ rglvtFd$c 6x)8IN0c ctHdvug rt'6-n M oStNtud



o6tou us '0N





-l-=

J -
I

1 -
J .
I

-  1 ,

. t  -+- i

-  r - i  - - ;
r i '
i-t- i

' :
. l





90

I

'

-ii--'

--LJJ:
i r l i---r--r "i -.?

-1 -T ' i  - :
'-i-ri r

- r--{-'

- i - : -#

-r -i 1-
1-i-'r'

, .i__+-..1
.r -j- - -i
, i l :
r-'1--l- 1

I
I__]- _

i
I

I



J-.j-
l:l-

J - . t - J -

-}JJ:

lli
*J:i

o6a0u us 'oN





i+
t -

_L.!-. .
, l' ' : - l -  - 1

r --J- I

1--l- '-t-- + ' t -  - -

l + - . - . !

no^ r:t|o'lvJ.Jlg rolvtoduos s'tc



- : - i -

_ i

-;f--

--t;-
l i

-1 "

I.L

l .
I

+

-----I



:I:---I .
+:+F:l
r::--1:,-'
--*-=
- ' - - - : - l - '
- i  - l -  - :  i
,r-j-l. -

nniodrp3 s.tourtloo cll{dvuo



- - - t - :  -

. r l' 
f 

-i'f-
. - f J -

-1 - f

i l E

O6LOU US



. ! 4 1  , , r , #

lorYl(tdutc 610ulf{oc clt{dvuc)allo^ rlr 'o'tv



-t-1
- t J

1-1-t-
i  1-.1-

- j - l -  l -



J  
- -? -

. i  J .
t l

'- l  -r
i l

- J -
' - t -

' i

.  1 - l -
: ' J - f -
-l- i-.r--
:  - i  i --

r l

xl,o^ rti 'o'rvJJt€ t(uvrp<aFo 6-loulNo3 3rHdvuc



i  r t _JJ -  j  j

O6LOU US 'ON



l l

it'Fn },! o3tNtud



)tuol l:lN 'o'TVlJn€ |



l.i- ' j - '
I

- f r
- - J - -

r l i





fii,r. 8R R0790
PRIN'ED II.I Us.A

ilit
l l,T lI

; l - i i
,  I  i _ i

' - ' -  i ' - i
; - F - i - i

: i - T ;
: - i -  t  i



'  I  ' - . 1  , ; - -
r i  l - -  I  ' - . -

+-:--i-rl- *--

i + l  + J ' l - '

-T-T-

ItOl r3N 'O.lv



06t 08 ug '0N



|,-l+
i--J

rdo^ r!f.l 'o'lvJ.Jt€ 
|(frno4oc 610U1NOC CrHdvug



-
'

J t t . , r y l z
o6t0u u€ '0N



; i
l l
t h--L_ '/



I
I

l - . - j

. :

o6rou ug'oN



.  . .  - t

i -r--i'
l - f  1-

lt l
I -i:lt -





+lr"
t -t-F-

l:i:i:
, i -  j -  I -

r-i -f-

+1



-l

fi-i
II:

l !

-l-1'

rlro^ rltt'o'lv.a-Jl€ |€UnII& s.1ourt.oC CtadvlC



j , . l : : ' 1
I  . .  i

-----J----
i , .  j .  -  - 1
i  ; ;  ,  : l



llo^ rtr'0ty!.J1€ |Ir.lvroe FlourrFc co.dr('



06t0u u8 'oN



-: --- -

- : - r . ' i :
- . - _ _ ; J

' - + . r ! - !

- l
*!-r_tr_
' r -'i--;-.f-

r.,()a r3'olrJJtg ro.rvtndr,@ e.'|ocuoc cHdruc



i - .  J  J -

:-rl a



+l! i : ' :  ,  I
i < - a - r  t - : :  . - I

-ll-t-.1 :- T l - i  ' ' l  
I' : ' . - ' :  ' ' -  

I  1
: t t l ,- ' t ,J ]

:-,-i , i ,
Ti  i_ l l

1

- t

- ,1
I

-F-i 
1

r r i

l t
I

i r

lii i
l t
i i

;i:



+
i+

,L!
i l-i-1-

-
I i
l l--t-T





GRAPXTC COrilRoLg @RFon^TpX zuFFAl.o, l€l YOfK



iiii
hLtr

o6t0u ug '0N
a'6'n M o3lMud



ruo^ r:il 'o-rvjJr€ l€llvtofflc



-1r
-t-1
- f ' II l-j

1-rt



r -i-

-li
-.1-_-.1 _
t i+

I, t

i

elYlD& slaBlNOC ctHdvuc



; i
l ,

, . . {t l
i l
t l
i " t

t

i
I

i - ' -

l l i

l : i

I r i
I  i ' i

_t_it:
i-{-i-

- 1 - f  l

I t , .



-tl
i r i  l

' r l' I
: l

:l
I--r
I
I{__r_



-l+
-'l -1 -

I

o6l0u us '0N



-r'fn $ oStNtud



xrrvrodtt@ 6'10ulNoc clHdvu3





l r
l_l

r l . :

i -  ;  :  I
1  :  r ' i *
' r - - t  1 I

I
T

i-
r

. . j  -
I

i-
-i-' tl i r '

i i t

o,

6
o
z
,
P
@

t
E
I

r
I

fr{
I
I



+i
ll
T1-t-T

610Erao|l
ry\t
vuodr€a



: i - - .- f  i -  j i -

l-'_. I
_:.1-. I
+- r l - -  |

l i :  l- - i . f f ' l



-s-.]
; i-l
I 'i--:-

' i-.t-







06t0u us 'oN



i-i i i--f ; i ;-
i - ; - -  i - l - :  l 1 -

: , ,1-: : :-
- ,  l - . ,  |  , - - . t ' t .

i  : ' l  , l

r--.: l I:] ' j '_; ; r I * , - . , j
i ,-- l :':- '- i  r - * r - { - . r J  1

r--r--- i  i  "  i---.--r-:- ' l  i+- i-
- ' ' l - + - t - f i - -
I  r  ' - t  

i - - : - 1- i . - i i - , - - . ,
_ 1 _ , ! _ :  . r i _ r 1 -  r  -

T l - ' -
' . f  - l _  I -
"'i I l-
: - 1  + -

l - r - . -



: - -  :  ,  , l. . . . . . :  : :
l i

,  l l

ii
; t

' t  -
- + J - - -  -

' .  I

!



t r t l , l ,
1 - l ' l  1 - 1  i - ]  I  1 '  '  '  ' 1 - i

-f1 l- l I f- t-1- r- l-f r
+ . t  I  I  l l _  r 1 L : i . - l _ j _I  

' - l - 1 -

-t,.
t -

I



. l

i l.  I  t l .- -  i  - - i ' -
l '

. t i
! i.  ^_  |



- i ' ;  ' J -

+#--i
-f-i+-1-

l -h -
'-- ri-- - j ' t - - : -





'  i - i - i -'  t ' - -  : '

l : : ;

_t:' j - ' !

* l
- t -



-* i
"1- rr
t_ri



t l
i iJ-  t -  t ' -1"

- l - . l J  -

i t - l



I' l  : - -
,  ! - - l

-. -:.. !
' - -

i ,

t :
I
I





{;

I

i-  . - - t - -  -

i

i
l ,-, l 'r---

*FA rt{'o'rvJJt€ r€unlt& 51oltlNoc o{dvlrc



+-J--1*' -1*1- i -

:-1
' i i

i - ;  I  i -
r':--i

o6aou u8'oN







o6t0u utt '0N






