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Introduction 

Mineral matter i n  coal can or iginate  a s  (1) inorganic elements from plants 
t h a t  were incorporated dur ing  peat formation, (2)  wind- o r  water-borne 
de t r i tus  t h a t  s e t t l e d  i n  the peat-forming environment, and (3) epigenetic 
minerals t h a t  formed during or  a f t e r  burial  of . the  peat (Stach and others, 
1982). The l a t t e r  two processes generally a r e  considered t o  be the principal 
contributors t o  t h e  amount and var ie ty  of minerals i n  coal of commercial 
quality. Certain physical properties, such a s  the shape of quartz grains, 
have led some workers t o  pos tu la te  t h a t  quartz  i n  coal  is primarily of 
d e t r i t a l  o r ig in  (Finkelman, 1981a, 1982b; Davis and others,1981); however, 
evidence f o r  such a hypothesis may be highly subject ive and inconclusive. I n  
contrast, Cecil and o thers  (1982) suggested t h a t  mineral matter i n  t h e  Upper 
Freeport coa l  bed is dominantly authigenic, on the basis of s t a t i s t i c a l  
re la t ionships  among major-, minor-, and trace-element, maceral, and mineral 
data. Mineral matter i n  coal ,  exclusive of p y r i t e  and c a l c i t e ,  was probably 
derived from plants  t h a t  contributed t o  peat formation (Stevenson, 1913; 
Cecil and others ,  1982). 

Cathodolminescence (CL) petrography was used i n  the present invest igat ion t o  
obtain quant i ta t ive  data  on the amounts of authigenic and d e t r i t a l  quartz in  
the  Upper Freeport coal bed. CL is the  emission of v i s i b l e  light during 
electron bombardment. It is  used widely a s  a t o o l  i n  sandstone petrology t o  
dis t inquish between d e t r i t a l  and authigenic  quartz  grains .  CL i n  quartz  
results fran molecular or other  l a t t i c e  imperfections; molecular imperfec- 
t ions  which include the addi t ion of f fact ivatorff  ions (AF30r Tit3 t h a t  s u b s t i -  
t u t e  for S1)4), and other l a t t i c e  imperfections a re  re la ted  t o  temperature 
( Z i n k e r n a g e l ,  1978) . Zinkernagel  observed  t h r e e  d i s t i n c t  t y p e s  of 
luninescence i n  quartz  gra ins  t h a t  included ( 1) h i o l e t r r  luninescing quartz 
(spectral  peaks a t  450 and 610-630 n m ) ,  (2)  ffbrownlf or orange luninescing 
quartz ( spec t ra l  p e a k s ' a t  610-630 run), and (3) non-luninescing quartz. He 
examined quartz f ran  46 l o c a l i t i e s  and ranging i n  age from Precambrian t o  
Tertiary, and i n  a l l  cases the  CL color was dependent on the temperature of 
c rys ta l l iza t ion .  Violetff  or blue luninescing quartz was charac te r i s t ic  of 
fast-cooled volcanic, plutonic, and high-grade metamorphic rocks t h a t  were 
formed a t  temperatures grea te r  than 573O C. ffBrownff or orange luninescing 
quartz was c h a r a c t e r i s t i c  of high-grade slow-cooled metamorphic rocks formed 
a t  temperatures ranging f r a n  5 7 9  C t o  300°C. Quartz t h a t  was formed a t  
temperatures below 300°C and t h a t  was not heat  tempered did not luninesce i n  
the  vis ible  range. The or ig in  of quartz can be inferred from CL data because 
d e t r i t a l  quartz, which has a high- temperature or ig in  ( > 3 O P C ) ,  luninesces i n  
the  vis ible  range whereas authigenic quartz, formed a t  l o w  temperatures (<30@ 
C) does not luninesce. 
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Methodology 

Both a scanning electron microscope (SEM) and an electron microprobe (EMP) 
were used i n  t h i s  study t o  analyze the CL propert ies  of quartz  gra ins  i n  
samples of the Upper Freeport coal bed because quartz grains  i n  coal  a r e  
Small (silt s ized)  and below t h e  reso lu t ion  c a p a b i l i t i e s  of a s tandard 
hl inoscope.  Quartz gra ins  were ident i f ied  by t h e  detection of s i l i c o n  alone 
with energy dispers ive X-ray uni t s  attached t o  both the SEM and t h e  EMP. 

The SEM was used t o  observe and photograph the  quartz grains. The EMP which 
was equipped with both a photanul t ipl ier  tube ( spec t ra l  response 185-930 nm) 
and a monocrmeter, was used t o  measure wave length and in tens i ty  of CL. The 
EMP, instrunent conditions were cal ibrated using a reference sample of the 
upper p a r t  of t h e  Raleigh Sandstone Member of t h e  New River Formation 
(Pennsylvanian a g e ) ,  which contained both orange and blue luminescent 
d e t r i t a l  q u a r t z  g r a i n s  and non-luminescent a u t h i g e n i c  overgrowths of 
low-temperature or ig in  ( f i g .  1). 

Quartz grains  frm the  Upper Freeport coal bed were analyzed i n  (1) ash 
samples t h a t  were prepared by low-temperature plasma ashing (LTA) of fac ies  
channel samples, (2) pulverized coal samples of size-gravity separates ,  and 
(3) or iented blocks of mineral-rich bands, v i t r a i n ,  fusain, clay-rich parting 
material, and roof-shale t h a t  were each cut  f ran  a coal core. All samples 
were mounted i n  epoxy and polished pr ior  t o  analysis. 

Results 

A l l  the Upper Freeport coal bed samples examined contained both luninescent 
and non-luninescent quartz grains  ( t a b l e  1 ,  f ig .  2 ) .  More than 200 grains  
were visually examined, and 76 measured spectra  were obtained. 

I n  t h e  LTA samples, 95 percent  of t h e  q u a r t z  p a r t i c l e s  examined were 
non-luninescent and 5 percent were luninescent. Most gra ins  lwninesced i n  
the  orange range. 

Twenty-nine measured spectra  of quartz grains  were obtained fran the l i g h t e s t  
(1.275 f l o a t )  and the  heaviest (1.800 s ink)  size-gravity separates. Only 
nine grains  were analyzed i n  t h e  lightest gravity separates  because of the 
paucity of mineral matter. A l l  nine grains  were non-luninescent and were 
associated with v i t r a i n .  In the  heaviest gravity separates, 60 percent of 
the quartz was non-luninescent; t h i s  quartz is petrographically associated 
with both v i t ra in ,  mineral-rich bands, and shale  partings. The remaining 40 
percent of the quartz  grains  in  t h e  heavy gravity separates  were luninescent 
and a r e  associated with mineral-rich bands and shale  par t ing mater ia l .  

Data from CL analyses of the blocks of coal f ran  the  core revealed t h a t  
luminesc ing  q u a r t z  was r e l a t i v e l y  r a r e  and is a s s o c i a t e d  only  with 
mineral-r ich bands. O f  t h e  29 quar tz  g r a i n s  analyzed, only 17 percent  
luninesced. The non-lwninescent gra ins  a r e  petrographically associated with 
both v i t r a i n  and mineral-rich bands. 
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Roof-shale samples f ran  the core were a l s o  examined. Ninety-three percent of 
t h e  quartz analyzed was luninescent and only 7 percent was non-luninescent. 
The quartz grains  analyzed were similar  in  s i z e  t o  the  quartz  gra ins  i n  coal. 

Conclusions 

Seventy-six percent of t h e  quartz  gra ins  examined i n  the  Upper Freeport coal 
samples a r e  non-luminescent; t h e r e f o r e  t h e  quar tz  is i n t e r p r e t e d  t o  be 
domininant ly  a u t h i g e n i c .  The a u t h i g e n i c  q u a r t z  i s  p e t r o g r a p h i c a l l y  
associated with both v i t r a i n  and mineral-rich bands. The remaining 23 percent 
of the  quartz  analyzed luninesced i n  the  v i s i b l e  range and i s  therefore  
interpreted t o  be d e t r i t a l  i n  or igin.  Det r i ta l  quartz was petrographically 
associated with mineral-rich bands and clay-parting mater ia l .  

I n  contrast, quartz gra ins  i n  the samples of shale  d i rec t ly  overlying the 
Upper Freeport coal  bed a r e  in te rpre ted  t o  be predominantly d e t r i t a l  i n  
or igin.  The quartz gra ins  a r e  i n  the same s i z e  range a s  quartz gra ins  i n  the 
coal samples. 

Data fran CL petrography support the i n t e r p r e t a t i o n  of Cecil and others 
(1982) t h a t  quartz i n  Upper Freeport coal bed is primarily authigenic and 
derived from plant  ash. Although it is impossible t o  ascer ta in  the ash 
content of Pennsylvanian plants  t h a t  grew i n  t h e  Upper Freeport palec-peat 
forming environment, it seeins reasonable t h a t  the  plants  did contain s i l i c a ,  
a s  do most modern plants .  Biogenic s i l i c a  can be preserved a s  phytoliths 
(Smithson, 1956; Baker, 1960; and Jones, 1964; Andrejko and others, 1983) and 
quartz grains  i n  coal a r e  s imi l ia r  i n  s ize  t o  plant  phytol i ths  (Wilding and 
Drees, 1974). 

Most quartz gra ins  i n  the commercial-quality Upper Freeport coal bed samples 
a r e  authigenic  i n  o r i g i n ,  but  t h i s  i n t e r p r e t a t i o n  does not rule out a 
d e t r i t a l  source f o r  a r e a s  of the  bed conta in ing  higher  amounts of ash 
(approximately 20 percent)  o r  f o r  other  high ash bituninous coal beds. The 
percentage of d e t r i t a l  quartz  would be expected t o  increase approaching 
stream channels and t h e  margins of t h e  paleoswamp environment, but vegetal 
matter is probably the  dominant source f o r  quartz i n  i n t e r i o r  portions of 
t h e  paleoswamp. 
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Table 1. CATHODOLUMINESCENT AND PETROGRAPHIC CHARACTERISTICS OF QUARTZ 
GRAINS I N  COAL AND SHALE 

[Determined by us ing  an e l ec t ron  microprobe (EMP).  TNA, Tota l  number 
of gra ins  analyzed: Nonlum, nonluminescent g ra ins :  Lum. Luminescent 
g ra ins ;  *, da ta  was not obtained because coa l  was crushed: N I A .  no t  
appl icable .  1 

Number of gra ins  

Grain s i z e  range 
( i n  m) 

( i n  p) 
=an g ra in  s i z e  

Percent of t o t a l  

Association 

LOW-TEMPERATURE ASH 

(Facies channel 
samples) 

Nonlum Lum 

39 2 

* * 

* * 

95 5 

* * 

Number of gra ins  

Grain s i z e  range 
( i n  p d  

( i n  w)  
Mean g ra in  S ize  

Percent of t o t a l  

Association 

SIZE-GRAVITY SEPARATES 

Floa t  1.275 
(TNA = 9) 

Nonlum Lum 

9 0 

6-22 NIA 

9.9 N I A  

100 NIA 

Vi t r a in  N I A  

COAL BLOCKS 
(TNA = 9 )  

Nonlum Lum 

24 5 

8-20 7-22 

12 14.8 

83 17 

Vit ra in  Mineral-rich 

Sink 1.800 
(TNA - 20) 

Nonlum Lum 

12 8 

5-14 9-32 

8.4 18.9 

60 40 

Vit ra in  Mtneral-rich 
Mineral-rich band 

Shale pa r t ing  
band Shale pa r t ing  

ROOF-SHALE 
(TNA = 15) 

BLOCKS 

Nonlum Lum 

1 14 

NIA 6-32 

7 13.5 

7 93 

Shale Shale 
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Figure 2 - EMP CL spectra of quartz i n  the Upper Freeport coal bed. (A) Non-luminescing 
aothigenic spectrum, (B) Luminescing detrital  spectrum. 
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