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Figure	
  1:	
  Painted	
  Canyon	
  overlook	
  	
  off	
  Interstate	
  94	
  near	
  Medora.	
  (Na'onal	
  
Park	
  Service)	
  



Introduc'on	
  

•  Pyrometamorphism	
  occurs	
  at	
  very	
  high	
  
temperatures	
  (>	
  1000	
  degrees	
  C)	
  and	
  low	
  
pressures	
  (<	
  1	
  kbar).	
  (Cosca	
  et	
  al.,	
  1989)	
  	
  

•  Combus'on	
  metamorphism	
  is	
  a	
  specific	
  type	
  
of	
  pyrometamorphism	
  caused	
  by	
  the	
  
combus'on	
  of	
  buried	
  coal	
  veins.	
  (Clark,	
  
Peacor,	
  2004)	
  	
  



Introduc'on	
  

•  In	
  Western	
  North	
  Dakota,	
  buried	
  lignite	
  coal	
  
combusts	
  and	
  alters	
  overlying	
  clay	
  and	
  silt	
  
sediments,	
  leaving	
  behind	
  a	
  low	
  grade	
  
metamorphic	
  rock.	
  	
  

•  This	
  rock	
  is	
  oSen	
  called	
  scoria.	
  This	
  is	
  a	
  
misnomer;	
  however,	
  because	
  scoria	
  is	
  actually	
  
an	
  igneous	
  rock	
  associated	
  with	
  basal'c	
  lava	
  
flows.	
  	
  	
  



Introduc'on	
  

•  Argillaceous	
  sediments	
  altered	
  by	
  combus'on	
  
metamorphism	
  can	
  be	
  classified	
  into	
  two	
  different	
  
groups,	
  clinker	
  and	
  paralava.	
  (Grapes,	
  2006)	
  	
  

•  Clinker	
  is	
  defined	
  as	
  a	
  low	
  grade	
  metamorphic	
  rock,	
  
oSen	
  red	
  in	
  color,	
  that	
  have	
  been	
  baked	
  or	
  par'ally	
  
melted	
  by	
  pyrometamorphism.	
  (Grapes,	
  2006)	
  

•  Paralava	
  is	
  a	
  higher	
  grade	
  metamorphic	
  rock	
  formed	
  
immediately	
  adjacent	
  to	
  burning	
  coal	
  seams.	
  This	
  rock	
  
is	
  highly	
  vesiculated	
  and	
  oSen	
  has	
  a	
  ropy	
  texture.	
  It	
  is	
  
oSen	
  mistaken	
  for	
  basalt.	
  (Grapes,	
  2006)	
  



Figure	
  2:	
  This	
  photo	
  shows	
  the	
  outcrop	
  that	
  the	
  sample	
  was	
  
collected	
  from.	
  (Photo	
  courtesy	
  of	
  Dillon	
  Dolezal)	
  



Figure	
  3:	
  when	
  mul'ple	
  seams	
  burn,	
  massive	
  outcrops	
  like	
  this	
  
Can	
  be	
  created.	
  (Photo	
  courtesy	
  of	
  Dillon	
  Dolezal)	
  



Forma'on	
  

Figure	
  4:	
  Example	
  of	
  a	
  column	
  before	
  
combus'on	
  



Forma'on	
  

Figure	
  5:	
  Coal	
  combusts	
  and	
  metamorphism	
  
Begins.	
  



Forma'on	
  

Figure	
  6:	
  ASer	
  coal	
  ceases	
  to	
  burn,	
  a	
  layer	
  of	
  ash	
  
is	
  leS	
  behind	
  along	
  with	
  metamorphosed	
  rock.	
  	
  	
  



Ques'on	
  

•  What	
  is	
  the	
  composi'on	
  of	
  our	
  metamorphic	
  
rock?	
  

•  How	
  did	
  it	
  form?	
  

•  How	
  is	
  it	
  different	
  from	
  its	
  parent	
  material?	
  

•  What	
  pyrometamorphic	
  feature	
  would	
  this	
  be	
  
classified	
  as?	
  



Methods	
  

•  We	
  used	
  XRD,	
  XRF,	
  and	
  microscopy	
  in	
  order	
  to	
  
analyze	
  our	
  rock	
  and	
  determine	
  it’s	
  
composi'on.	
  	
  

•  This	
  data	
  was	
  then	
  cross	
  referenced	
  with	
  prior	
  
work	
  done	
  on	
  similar	
  rocks	
  in	
  the	
  powder	
  river	
  
basin	
  to	
  determine	
  how	
  our	
  rock	
  would	
  be	
  
classified.	
  	
  



Methods	
  	
  

Figure	
  7:	
  The	
  loca'on	
  in	
  which	
  Clark	
  and	
  
Peacor	
  samples	
  were	
  collected.	
  (Clark	
  
Peacor,	
  1992)	
  



Microscopy	
  

Figure	
  8:	
  Scanned	
  image	
  of	
  our	
  thin	
  sec'on.	
  	
  



Microscopy	
  

Figure	
  9:	
  Approximate	
  loca'on	
  of	
  Figure	
  M-­‐1.	
  



Microscopy	
  

Figure	
  M-­‐1:	
  Por'on	
  of	
  red	
  sample	
  in	
  PPL.	
  (FOV=	
  .7	
  mm)	
  



Microscopy	
  

Figure	
  10:	
  Approximate	
  loca'on	
  of	
  Figure	
  M-­‐2.	
  	
  



Microscopy	
  

Figure	
  M-­‐2:	
  Por'on	
  of	
  black	
  sample	
  under	
  incident	
  light.	
  (FOV=	
  .7mm)	
  	
  	
  



Microscopy	
  

Figure	
  11:	
  Approximate	
  loca'on	
  of	
  Figure	
  M-­‐3.	
  



Microscopy	
  

Figure	
  M-­‐3:	
  Por'on	
  of	
  black	
  sample	
  under	
  incident	
  light.	
  (FOV=	
  .7mm)	
  	
  



Microscopy	
  Analysis	
  

•  The	
  round	
  air	
  vesicles	
  indicate	
  that	
  the	
  sample	
  
was	
  completely	
  melted.	
  	
  

•  Some	
  quartz	
  crystals	
  could	
  be	
  observed	
  in	
  the	
  
thin	
  sec'on	
  but	
  were	
  very	
  small.	
  	
  

•  Bright	
  spots	
  shown	
  in	
  incidental	
  light	
  indicate	
  
iron	
  oxides.	
  	
  



XRD	
  Data	
  

Figure	
  12:	
  XRD	
  data	
  from	
  powdered	
  sample	
  shown	
  with	
  corresponding	
  Albite	
  
[NaAlSi3O8]	
  peaks	
  shown	
  in	
  green.	
  	
  



XRD	
  Data	
  

Figure	
  13:	
  XRD	
  data	
  from	
  powdered	
  sample	
  shown	
  with	
  corresponding	
  
quartz	
  (SiO2)	
  peaks	
  in	
  green.	
  	
  



XRD	
  Data	
  

Figure	
  14:	
  XRD	
  data	
  from	
  powdered	
  sample	
  shown	
  with	
  corresponding	
  
Cordierite	
  [(Mg,	
  Fe)2Al4Si5O18]	
  



XRD	
  Analysis	
  

•  Albite	
  is	
  a	
  feldspar	
  commonly	
  	
  found	
  in	
  low	
  
temperature	
  and	
  low	
  pressure	
  metamorphic	
  
environments.	
  	
  (Mindat.org)	
  

•  Quartz	
  in	
  the	
  sample	
  may	
  be	
  due	
  to	
  
contamina'on	
  of	
  the	
  clay	
  by	
  siltstone	
  or	
  
sandstone	
  during	
  either	
  deposi'on	
  or	
  
metamorphism.	
  	
  

•  Cordierite	
  is	
  commonly	
  found	
  in	
  contact	
  
metamorphosed	
  argillaceous	
  sedimentary	
  rocks.	
  
(Mindat.org)	
  



XRF	
  Comparison	
  

Figure	
  15:	
  XRF	
  comparisons	
  between	
  our	
  tested	
  results	
  (leS)	
  and	
  5	
  samples	
  of	
  
clinker	
  from	
  the	
  powder	
  river	
  basin	
  and	
  a	
  paralava	
  from	
  the	
  powder	
  river	
  
basin	
  (Clark	
  Peacor,	
  1992)	
  



XRF	
  Analysis	
  

Figure	
  16:	
  XRF	
  derived	
  iron	
  percentages	
  graphed	
  along	
  side	
  Powder	
  River	
  Basin	
  data.	
  
Points	
  displayed	
  as	
  red	
  arrows.	
  (Clark	
  Peacor,	
  1992)	
  	
  



Conclusion	
  

•  We	
  have	
  concluded,	
  based	
  on	
  prior	
  data	
  from	
  
similar	
  rocks,	
  that	
  our	
  sample	
  would	
  be	
  
considered	
  a	
  transi'on	
  rock	
  between	
  clinker	
  and	
  
paralava.	
  We	
  base	
  this	
  off	
  of	
  iron	
  oxide	
  ra'os	
  in	
  
our	
  rock	
  compared	
  to	
  those	
  in	
  rocks	
  analyzed	
  in	
  
the	
  powder	
  river	
  basin.	
  	
  

•  The	
  lower	
  amount	
  of	
  altera'on	
  of	
  our	
  rock	
  
compared	
  to	
  that	
  from	
  the	
  powder	
  river	
  basin	
  
could	
  possibly	
  be	
  aoributed	
  to	
  lower	
  burning	
  
temperature	
  of	
  lignite	
  than	
  bituminous	
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