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IIINERALOGY OF THE CRAI'IDAIL CA}{YON I{INE O\IERSIIRDEN,
IUPLICATIONS FOR HEATING OF FRACI"ITRES RESULTING FRO}I RETREAT XINING

1.0 IITTRODUCTION

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

overburden I tas invest, igated to determine i f  f ractures thaE result  f rom relreat

min ing  w i l l  be  na tura l l y  se l f -hea l ing .  Se l f -hea l ing  f rac tu res  are  those tha t

c lose  na t ,u ra l l y  fo l lov ing  re t rea t  min ing .  Frac ture-hea l ing  pr inc ipa l l y  occurs

as  a  resu l t  o f  (1 )  c lay  migra t ion  and swe l l ing ,  (2 )  minera l i za t ion  a long f racEure

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

fol lowing retreat mining may ini t ia l ly al low water to escape from perched

aqu i fe rs  in te rsec ted  by  f rac tu re  p lanes .  However ,  upon f racLure-hea l ing ,  r ra te r

is no longer permit ted to travel along the fracture and escape from the perched

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

fractures by clay migrat ion/swel l ing and physical  movement of f racture planes

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

The impor tance o f  de termin ing  i f  f rac tu re-hea l ing  can occur  i s  s ign i f i can t

due to Potent ial  af fects on perched aquifers of perrnanent ly open fractures. 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 ! inuous  agu i fe rs ,

causing seeps and springs Lo run dry, thereby disrupt ing stock animal and

v i ld l i fe  water  supp l ies .  The consequences  o f  f rac tu r ing  in to  and dra in ing  o f

water  f rom loea l ,  IaEera l l y  d iscont inuous  aqu i fe rs  a re  cons idered to  be  much less

than permanent.  disrupt ion of regional aquifers,  s ince lateral ly discont inuous

aquifers are general ly ineapable of supplying the volumes of water to the surface

thaE the regional aquifers can. Seep and spring studies performed by EarEhFax

Engineering aE the request of Genwal Coal Company, and a hydrol .ogie invest igat ion

conducted by Lines (1985),  indicate the aquifers overly ing the Hiawatha Coal seam

are  perched aqu i fe rs  w i th  l im i ted  laCera l  ex ten t .  Dr i l l i ng  and mon i to r ing  ve l l
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data in the Genwal Mine area indicate the regional Blackhavk-SEarpoint aquifer

o f  L ines  (1985)  under l ies  the  H iava tha  Coa l ,  and hence s i l l  no t  be  a f fec ted  by

fractur ing of the overburden during retrea! mining.

Th is  repor t ,  i s  d iv ided in to  seven sec ! ions ,  inc lud ing  th is  in t roduc t ion .

Sect ion 2 cont.ains a sunmary of the methodology used to determine the presence

of  fac to rs  tha t  suggest  f rac tu re-hea l ing  v i11  occur .  Sec t ions  3  and 4  present

f ind ings  ind ica t ing  tha t  f rac tu re-hea l ing  can occur  by  the  processes  o f  c lay

migra t ion /sve l l ing  and minera l i za t ion ,  respec t ive ly .  Sec t ion  5  p resents  a  rev iew

of  a  U.S.F .S.  s tudy  conducted  a t .  the  SUFCo mine,  vhere  the  phys ica l  c losure  ra tes

o f  subs idence f rac tu res  are  repor ted .  SecEion  5  summar izes  the  f ind ings  o f  th is

inves t iga t ion ,  and assess  the  probab i l i t y  o f  Ehe occur rence o f  f rac tu re-hea l ing

of the Crandal l  Canyon Mine overburden. And f inal ly,  referenees are l isted in

S e c t i o n  7 .
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2.0 I,TETHODOLOGY

To ident i fy the specif ic mineralogy of the Crandal l  Canyon Uine overburden,

x-ray di f f ract ion (>nO) and thin sect ion petrographic analyses vere conducted on

shale and si l tstone obtained from exploratory dr i l l  hole cores that encountered

the Blackhawk, Cast legate, and Price River Formations. XRD analyses of each

sample  eons is ted  o f  the  fo l lov ing  four  tes ts :

1 . Air-dry bulk sample
Scan range from 10o to 650 2-Theta
Speed = 2o 2-Theta/minute,

A i r -d ry  c lay  minera l  iden t i f i ca t ion
Scan range from 20 to 10o 2-Theta
Speed = 10 2-Theta/minuEe,

Vapor glycolazat ion -  c lay mineral  character izat ion
Scan range from 20 to 10o 2-Theta
Speed = 10 2-Theta/minute, and

Quartz standard and repeats of of f-sca1e peaks.

XRD analyses vere conducted on 1.2 samples (6 from the Blackhawk, 3 from the

Cast legate, and 3 from the Price River Formation).  Mining in the Crandal l  Canyon

Mine takes place in the Hiawat,ha Coal seam, vhich l ies at the base of the

Blackhavk Formation. The Cast legate Formation overl ies the Blackhawk, and the

Price River Formation overl ies the Cast legate. A larger number of samples sere

col lected and analyzed from the Blackhavk than the Cast legate and Price River

Formations, s ince the largest degree of f racture development l l i lL occur in the

Blackhawk Formation. l l ineral  amounts vere measured by weight percent.

Thin-sect ions of these 12 samples vere prepared and analyzed with a

pet rograph ic  mic roscope under  bo th  p lane-  and c rossed-po la r ized  l igh t .

2 .

3 .

4 .
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Petrographic analyses rrere conducted to document

enab l ing  assessment  o f  c lay  d is t r ibu t ion  a f fec ts  on
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c lay  d is t r ibu t ion ,  thereby

f rac ture  hea l ing .

To assess  the  l i ke l ihood tha t  minera l i za t ion  a long subs idence f rac tu re

p lanes  v i11  occur ,  the  fo l low ing  were  ana lyzed:

1. l tater chernistry of groundeaters present in the mine overburden,

2. presence of mineral  phases that could precipi tate along fracture
planes and heal f ractures, and

3.  chemica l  cond i t ions  eont ro l l ing  d isso lu t ion  and prec ip i tac ion  o f
these miner:al  phases.

Water chemistry of mine overburden groundrater vas anaLyzed by

inves t iga t ing  labora tory  and f ie ld  ana ly t , i ca l  resu l ts  o f  va ter  samples  co l lec ted

from springs in the area. Spring samples sere col lected at points of spr ing

issuance. Knowledge of mineral  phases present in strata of the mine overburden

capable of dissoluEion and precipi tat ion, sere obtained through invest igat ion of

mine overburden core samples. Chemical condit ions control l ing dissolut ion and

precipi tat ion of overburden mineral  phases vere assessed from a revier l  of  currenE

aqueous geochemistry l i t .erature.

To determine i f ,  and to what degree, physical  movement of f racture planes

would result  in fracture-heal ing, a Fish Lake National Forest invest igat ion of

tension crack sel f-heal ing phenomenon r las reviewed.
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3.0 POTEMIAT FOR FRACTTIRE EEALING FROI'f CI.AY I{IGRATION

One of the pr incipal rneans of f racture heal ing in the Crandal 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 rac tures  is  genera l l y  be l ieved to  resu l t  in  f rac tu re  hea l ing  a t  d is tances

greater than 9 mine vidths above the mined interval (Crandall Canyon Mine M&RP,

Chapter L2). C lay  minera ls  a re  p r inc ipa l l y  respons ib le  fo r  hea l ing  o f

subsidence fractures. The clay minerals r ' r i th Ehe greatesE capacity for heal ing

f rac tures  are  the  swe l l ing  c lays ,  p r inc ipa l l y  the  smect i te  (benton i te )  c lays .

Smect i te  c lays  possess  swe l l ing  proper t ies  due to  the i r  h igh  ca t ion-exchange

capac i t ies  (Bates  and Jackson,  1980) .  Th is  swe l l ing  proper ty  enab les  the

smect i te  c lays  to  sea l  f rac t ,u res .  Smect i te  i s  a  s tandard  water  p lugg ing  agent ,

used in groundwat,er monitor ing wel l  complet ions due to i ts vater seal ing

ProPer ty .

)G.D analyses of sarnples col lected from the Crandal l  Canyon Mine overburden

revea l  the  presence o f  s ign i f i can t  quant i t ies  o f  smect i t i c  c1ays .  Tab le  1

contains a sunmary of the XRD data, shi le Appendix 1 contains copies of the raw

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

and smect i te - i l l i te .  Pure  smect , i te  vas  found in  one Pr ice  R iver  Format ion

sample. Smect i t ic c lay content of the Blackhavk Formation averages 24.32 (range:

37 to 342).  Smect i t ic c lay content of the Cast legate Formation si l tstones and

shales average LgZ (range: 7Z to 292).  Pr ice River smect i t ie clay content

averages 14.72 (range: 47 to 2gZ).

XRD anal.yses (Table 1) also reveal the presence of addit ional c lay minerals

thaE vou ld  a id  in  f rac tu re-hea l ing ,  ( rnos t  no t iceab ly ,  kao l in  and i l1 i te ) .

B lackhawk Format ion  kao l in  and i l l i te  quant i t ies  average 5 .5 I  and 2 .L2 ,

resPect ive ly .  Cas t legate  Format ion  kao l in  and i l l i te  quanL i t ies  average 5Z and

0.52 ,  respec t ive ly .  The quant i t ies  o f  Pr ice  R iver  kao l in  and i l l i te  average 5 .67
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SAMPLE NO.

MINERALOGY, APPROX. WT.Z (or) RELATfVE ABUNDANCE

BLACKIIAITK FM.

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

U n - a  
" h 4 - t r - t r 4 - 9

D n - 5  8 0 9 - 8 0 9 . 5
D H - 6  6 4 5 - 6 4 5 . 5

D r f  - 7  1  4 7 0 . 3 - 1 4 7 0

CASTLEGATE FM.

D t r - s  5 5 3 - 5 5 3 . 4

nH-6  5q6 5- -

D i l - 7  7 6 6 - 7 6 6 . 3

. r , - l  : p a  -  l - . R o .
D H - 6  1 1 9 . 5 - 1 1 9 . 5

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

A SIN/IIVIARY OF X-RAY DIFFRACTION ANATYSF
ITNTVERSITY OF UTAH RESEARCH INSTTNM , EARfi{ SCIENCE IJIBORATORY

ILE 1: SUMMARY OF X-RAY DIFFRACTION ANALYSIS
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and 2 .62 ,  respec t ive ly .  A l though these c lay  minera ls  do  no t  posess  the  swe l l ing

charac ter is t i cs  o f  smect i te ,  the i r  p resence wou ld  c rea te  a  phys ica l  bar r ie r  t .o

t,he movement of water sithin that fracture.

Petrographic microscope analyses of the Crandal l  Canyon Mine overburden ( in

add i t ion  to  the  XRD ana lyses)  a lso  revea l  the  presence o f  sve l l ing  c lays .

Representat ive photomicrographs of Blackhawk Formation shales appear in Figures

I and, 2. Figures 3 and 4 contain Cast legate Formation photomicrographs, with

Price River Formation photomicrographs appearing in Figures 5 and 5. The r lhi te

or  l igh t  g rey  pa tches  in  the  p lane-po la r ized  l igh t  photos  ( f igures  L ,3 ,  and 5)

are  s i l t -s ize  quarEz gra ins .  Quar tz  g ra ins  a re  f loa t ing  in  a  f ine-gra ined mat r ix

eomposed o f  the  c lay  n r inera ls  (smect iEe,  mixed- layer  ch lo r i te -smect i te ,  m ixed-

layer  i l l i te -smecL i te ,  kao l in ,  and i l l i te ) .  The ye l low co lo r  i s  due to  the

Presence of iL l i te.  The l inear black or dark-brolrn patches are relat ively thick

accumulat ions of these clay minerals.  The long thin black l inear feature

Present  in  the  Cast legate  Format ion  p ic tu res  (F igures  3  and 4)  i s  a  f rac tu re

sea led  (c tosed)  by  compact ion  o f  the  c lay  minera ls .

The c rossed-po l .a r ized  l igh t  n r ic rophotographs  (F igures  2 ,  4 ,  and 6)  a lso

reveal the presence of t ,he quartz gtains. Here the quartz grains appear as white

and opaque black patches. The bulk of the samples are composed of a clay mineral

mat r ix ,  sh ich  appears  as  ye l low ( i l l i te )  and t ,he  smal l  dark  g ranu lar  speck les .

The swe l l ing  c lay  minera ls  oecur  as  a  we l l -m ixed mat r ix ,  suppor t ing  the  s i l t -s ize

quarLz grains rather than as a cemen! encircl ing the quartz grains. As a result ,

the swel l ing clays can be easy transported by moving waters along the fracture

p l a n e s .
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Blackhawk Formation share photomicrograph. Dri l l  hole #6, depth 645
to  645.5  fee t .  P lane-po la r ized  l ighr .  Magn i f i ca t ion :  L2 i rx ,  shor r
ayis of photo is 0.8 mra in length. The up-direct ion is to the
r igh t .  c lay  minerars  (mixed- layer  i l l i te -smect i te ,  m ixed- rayer
chlor i te-smeeti te,  i11i te,  and kaol in occur as a mixture, and appear
as the greenish-grey f ine-grained matr ix.  Dark l inear patchei-  

"r"compressed c lay  n inera ls .  wh i te  and b lack  gra ins  a re  s i l t -s ize
quart ,z grains.
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Blackhask Formation shale photonicrograph. Dri l l  hole #6, depth 645
to  645.5  fee t .  Crossed-po la r ized  l igh t .  Magn i f i ca t ion :  125x ,  shor t
ax is  o f  photo  is  0 .8  mm in  length .  The up-d i rec t ion  is  Eo the
r igh t .  CLay minera ls  (mixed- layer  i l l i te -smect i te ,  m ixed- layer
ch lo r i te -smeet i te ,  i l l i te ,  and kao l in  occur  as  a  mix tu re ,  and appear
as the yel lowish, green, and blaek f ine-grained matr ix.  Yel lon
eolor of elay minerals is due to i l l i te nineral  presence. white and
black grains are si l t -s ize guartz grains surrounded by clay matr ix.
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cast legate Formation shale photomicrograph. Dri l l  hole l l5,  depth
556.5  to  557 feer .  p lane-po la t rzed r ighr .  Magn i f i ca t ion :  L25x ,
short  axis of photo is 0.8 urm in length. The up-direct ion is to the
r ighL.  c lay  minera ls  (mixed- layer  i r l i te -smect i te ,  m ixed- layer
ch lo r i te -smect i te ,  i r l i te ,  and kao l in  occur  as  a  mix tu re ,  and appear
as the greenish-grey f ine-grained natr ix.  The long thin Llact
l inear feature is a fracture sealed with compressed ciay ninerals.
l Jh i te  and b lack  gra ins  a re  s i l t -s ize  quar tz  g ra ins .

10
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castlegate Formation shale phocomierograph. Dri l l  hole l f6, depth
556.5 to  557 feer .  crossedipolar ized l i j t r r .  Magni f icac ioni  125x,
short axis of photo is 0.8 mm in length. The up-direction is to the
r ight .  cray minera ls  (mixed-1ayer  i l l ice-smect i te ,  mixed- layer
chlor i te-smect i te ,  i11 i te ,  and kaol in  occur  as a mixture,  and appear
ls the greenish-yellow f ine-grained marrix. The long thin Liact
l inear feature is a fracture lealed with conpressed clay ninerals.
White and black grains are si l t-size quartz lrains

11
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Price River Formation shale photonicrograph. Dri l r  hole #6, depth
119.5  to  119.6  feer .  p lane-po la r ized  r ig i t t .  Magn i f i ca t ion i  L25x ,
short  axis of phoro is 0.8 mn in length. The up-direct ion is to the
r igh t .  c lay  minera ls  (smeet i te ,  n ixed- rayer  i l r i te -smect i te ,  m ixed-
layer  eh lo r i te -smect i te ,  i l l i te ,  and kao i . in  occur  as  a  n ix tu re ,  and
aPPear as the yel lowish-brown f ine-grained matr ix.  l lh i te and black
gra ins  are  pyr i te  and s i l t -s ize  quar tz  g ra ins .

T2
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Price River Formation shale photomicrograph. Dri l l  hole 116, depth
119.5  to  119.6  feer .  c rossed-po la r izea  r igh t .  Magn i f i ca t ion i  125x ,
shor t  ax is  o f  photo  is  0 .8  mm in  length .  The up-d i rec t ion  is  to  the
r igh t .  c lay  minera ls  (smect i te ,  m ixed- layer  i l i i te -smect i te ,  m ixed-
layer  ch lo r i te -smect i te ,  i l l i te ,  and kao i - in  occur  as  a  mix tu re ,  and
aPPear as the greenish-yel low f ine-grained matr ix.  lJhi te and black
gra ins  are  pyr i te  and s i l t -s ize  quar tz  g ra ins .

13
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4.0 POTEMIAL FOR FRACTT'RE EEALING FROI'I }TINBRALIZATION

Analyses of groundwater chemistry,  the Presence of mineral  phases

that could precipi tate along fracture planes, and chemical condit ions control l ing

prec ip i ta t ion  o f  these minera l  phases ,  ind ica te  tha t ,  m inera l i za t ion  o f  f rac tu re

planes produced by subsidence mining vi l l  occur.  Al though this process wi l l

occur  s lower  than f racEure  hea l ing  v ia  c lay  migraE ion ,  minera l i za t ion  s i I l

contr ibute to fracture heal ing. The pr imary fracture heal ing mineral  is calci le

(caco3).

Analyses of cores indicate calci te is the dominant cemenEing agent Present

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

Ca lc i t ,e  i s  a lso  present  in  the  s i l t s tones  and,  to  a  lesser  ex ten t ,  the  sha les  in

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

a port ion of the pore network. WaEer chemistry analyses of overburden waters

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

The fol loving equi l ibrat ion equat ion def ines the react ion betveen dissolved

ca lc i te ,  b icarbonat .e ,  and f ree  OH-  (Krauskopf ,  1979) - -

Ca2* + HCO; + OH- = CaCOe + Il20

Th is  reac t ion  resu l ts  in  p rec ip i ta t ion  o f  ca lc i te .  Ph va lues  above 7 .0  ind ica te

a preponderance of OH-- ions (Walton, 1970).  This abundance of OH-- ions dr ives

the  above equat ion  to  the  r igh t ,  resu l t ing  in  p rec ip i ta t ion  o f  ca lc i te .  The

smaI l  c rys ta l  hab i t  o f  the  ca lc i te  cement  enab les  ca lc i te  to  be  read i l y

d isso lved,  thereby  enr ich ing  the  groundwater  s i th  ca lc i te  (Krauskopf ,  1979) .  As

ev idence tha t  ca lc i te  i s  be ing  prec ip i ta ted  in  the  area '  tu fa  depos i ts  a re

present at selected spr ing locat ions in the Hiavatha Coal seam overburden.

L4
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5.0 SELF-HEALING OF TENSION FRACfiIR3S

Retreat,  mining results in both tension and compression fractures (Dunrud,

1985).  Due to the larger size of thei-r  openings, tension fractures have the

capabi l i ty of  being more disrupt ive to the overly ing hydrologic system than

compressional f ractures. Compressional f ractures are held closed very Eight ly

by compressional forces, and, thus do not provide as large a conduit  for

groundwater f low as tension fractures. Furthermore, compressional f ractures are

commonly f i l led with gouge, which results in further seal ing of the fracture.

A study performed by the Fish Lake National Forest invest igated physical

sel f-heal ing of subsidence tension fractures in the overburden of Coastal  States

Energy CorporaEion's SUFCo / f l  Mine in Convulsion Canyon, Utah (DeGraff ,  1978).

Convulsion Canyon is located approximately 4g mi les south-southeast of the

Crandal l  Canyon Mine. Both mines 1ie in the t{asaEch Plateau, mine the Hiavatha

coal seam of the Upper Cretaceous Blackhavk Formation, and have simi lar

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

rates of tension fracture closure ranged from less Ehan L/32 to more than l /4

inch per veekl with an average self-heal ing rate of greater than 11116 inch per

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

tens ion  f rae ture  c losure  is  56  percent .  These da ta  ind ica te  tha t  56  percent  o f

the maximum vidth of the tension fractures are sel f-heal ing.
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6.0 SIJ}TUARY

Analyses of Hiawatha CoaI seam overburden l i thology, groundwaEer chemistry,

and a tension fracture sel f-heal ing study results suggest thaE fractures

resulting from retreat mining at the Genval Coal Company Crandall 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 lays  in  s ign i f i can t  quant i t ies .  M ixed- layer  smect i te - i11 i te  and smect i te -

ch lo r i te ,  as  ve l l  as  pure  smect i te ,  a re  p resent .  These swe l l ing  c lay  minera ls

v i l l  serve  to  sea l  subs idence f rac t ,u res .  Kao l in  and i l l i te  c lay  minera ls  a re

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

of the overburden groundwaters indicate that f racLures can be sealed via chemical

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

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

National Forest Service subsidence fracture study in the region indicates that

56 percent of Eension fractures result ing from retreat mining are physi.cal ly

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

migrat ion or mineral izat ion along fracture planes. These three phenomena suggest

that f ractures result ing from retreat mining at the Crandal l  Canyon Mine are

self-heal ing, and thus do not pose a ser ious threat to interrupEion of perched

aqu i fe r  va ter  f low.
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