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Fig. 6. Similarities in the 
variations with depth of 
vanadium, nickel, chromium 
and zirconium concentrations 
in vitrinites of the two 
Pennsylvanian age eastern 
coal samples analyzed. "A" 
marks the bottom of the 
Kentucky No. 6 coal bed; 
"B" marks the bottom of the 
Upper Freeport coal bed. 

Fig. 7. Plot for sample M3 of 
concentration variations of 
the same four elements as in 
Fig. 6, emphasizing the 
absence of any similarities 
in variation of these elements 
in the Utah Upper Cretaceous 
coal samples. 
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of the proton beam into the target (Fig. 8 and 
Minkin et al. ,1982), each X-ray map generated 
represents the di stri but ion of a given element 
in a block of vitrite 150 X 150 square micro
meters in area and approximately 50 micro
meters thick. 

Illustrations of the type of information 
gained from PI XE-generated X-ray maps are shown 
in Figs. 9a and b and 10a through e. These 
are projections of the distribution of various 
elements within the same target area in vitrite 
from the depth interval 75 - 76 cm from the 
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top of the coal in the Kentucky No. 6 sample. 
Figures 9a and b are projections showing the 
distribution of sulfur and silicon respectively, 
in which intensity (net counts) is shown as the 
"third dimension." The distribution of sulfur 
is seen to be very uniform, implying that it 
is dominantly organically associated in the 
vitrinite. The few elevations seen are attri
buted to mineral inclusions within the 150 X 
150 X 50 cubic micrometer target block, and clues 
as to what minerals these may be are gained by 
examining the projections for other elements 



PIXE microprobe study of vitrinite macerals 

TABLE 3. Cll1PAR!SON OF SELECTED ELEMENTAL CHARACTERISTICS (PPM) OF V!TR!N!TES 

IN THE THREE COALS STUOIED 

I coal (Utah) I coal (Utah) I coal (Utah} Upper Freeport No. 6 Coal 
Core Ml Core M3 Core M5 ( Pennsyl van1 a) (Kentucky) 

Br 
Range <l-14 <l-3 <1-13 90-110 74-100 
Average 6 I 3 108 89 

Cu 
Range 3-11 <1-44 -- -53 <l-3 1-1 
Average 6 10 10 I 1 

Mn 
Range 1-16 3-11 3-9 1-3 1-5 
Average 5 6 6 1 3 

Sr 
Range 14-300 45-513 5-187 15-51 13-18 
Average 119 161 103 36 17 

Ti 
Range 1-1600 11-648 16-603 131-1335 15-350 
Average 151 165 14B 450 143 

Zn 
Range 4-12 1-9 1-10 B-10 42-55 
Average 7 3 6 11 50 

Zr 
Range n.d. 15-1441 <l-66 4-13 4-59 
Average IBO 25 9 21 

n .d. not detenni ned -- below level of detection 

such as iron or calcium. In the right center 
portion of Fig. 9a a depression is noted, indi
cating a lack of sulfur in that region and there
fore suggesting that a mineral that does not 
contain S is present there. Examination of 
Fig. 9b , the corresponding projection for 
silicon, shows a well-defined elevation in the 
same area where the depression is noted for 
sulfur. Whether this inclusion consists of 
quartz or another silicate mineral can be 
investigated by examination of the projections 
for other elements. 

Another method of presentation of such 
projections is illustrated in figs. 10a - e, in 
which the net counts are represented by the 
density (blackening) of each picture element 
(pixel). Projections of this type included for 
illustration are for the elements sulfur (Fig. 
10a), iron (Fig. 10b), silicon (Fig. lOc), 
aluminum (Fig. lOd), and potassium (Fig. lOe). 
Examination of these figures shows, for example, 
that the denser areas in Fig. 10a, the sulfur 
projection, at approximate coordinates x=45,y=20; 
x=4, y=25; and x=66,y=46 all have corresponding 
dense areas in Fig. 10b, the projection for 
iron, implying the presence of pyrite grains 
at these locations. Examination of Figs. 10b 
through e indicates the probable presence of 
clay, or possibly potassium feldspar, particles 
at coordinates x=50,y=35; and x=45,y=l5. Thus, 
although the surface of this target area, when 
examined in reflected light at magnifications 
as high as 500 X, appeared completely homogen
eous, the X-ray maps of this area can be corre
lated with the compositional data obtained to 
indicate whether the elements detected are 
organically associated (i. e., homogeneously 
distributed) or inorganically associated (i.e., 
heterogeneously distributed) or both. These 
maps also serve to indicate the abundance, 
size and composition of any mineral inclusions 
present within the 50-micrometer layer 
immediately under the polished surface. 
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Discussion and Conclusions 

The fact that no cl ear trend in lateral 
variation of any element was shown by the data 
for the Upper Cretaceous I and J coal beds of 
the Emery coalfield, central Utah, may indicate 
that the three drill cores chosen for study, 
although approximately 1 km apart, are all 
relatively central in the paleoswamp. An increase 
in ash or mineral, and hence trace element, 
content would be expected toward the seaward 
edge of the swamp according to the depositional 
model (Ryer, 1981b). 

The Kentucky No. 6 coal bed of Pennsylvanian 
age lies in the southern part of the Illinois 
basin. The finding that for the suite of samples 
in this study zinc concentrations are highest in 
the Kentucky No. 6 vitrinite is in accord with 
Gluskoter et al.(1977), who concluded on the 
basis of analysis of 172 bulk samples of U.S. 
coals that coals from the Illinois basin have 
the highest concentration of zinc. Unfortunately, 
no PIXE X-ray maps for Zn were generated for the 
Kentucky No. 6 sample in the present experiment, 
so that it was not possible to determine whether 
the zinc in the vitrinite occurs in a zinc
bearing mineral such as sphalerite, or is perhaps 
at least partially organically associated. On 
the has is of indirect methods, previous authors 
(see, for example Zubovic et al.,1960) have 
concluded a very low organic affinity for zinc. 

Also in agreement with the findings of 
Gluskoter et al.( 1977) that titanium levels are 
highest in coals from the Appalachian basin, our 
PIXE data show that titanium levels are hiyhest 
in the one sample we analyzed from the Appalachian 
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Fig. 8. Comparison of penetration depths, as a 
function of atomic number, for 3 MeV protons into 
various target materials (Blank and Traxel, 1984). 


