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PIXE microprobe study of vitrinite macerals

TABLE 3. COMPARISON OF SELECTED ELEMENTAL CHARACTERISTICS (PPM) OF VITRINITES
IN THE THREE COALS STUDIED

1 coal (Utah) I coal (Utah) I coal (Utah) Upper Freeport No. 6 Coal

Core M1 Core M3 Core M5 (Pennsylvania) (Kentucky)

Br

Range <1-14 <1-3 <1-13 90-120 74-100

Average 6 1 3 108 89
Cu

Range 3-11 <1-44 -- -53 <1-3 1-2

Average 6 10 10 1 2
Mn

Range 2-26 3-12 3-9 1-3 2-5

Average 5 6 6 2 3
Sr

Range 24-300 45-523 5-187 25-52 13-18

Average 119 161 103 36 17
Ti

Range 1-2600 12-648 26-603 132-1335 25-350

Average 251 165 148 450 143
In

Range 4-12 1-9 1-10 8-20 42-55

Average 7 3 6 12 50
Ir

Range n.d. 15-1442 <1-66 4-13 4-59

Average 180 25 9 21

n.d. not determined -- 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 s present there. Examination of
Fig. 9 , the corresponding projection for
silicon, shows a well-defined elevation in the
same area where the depression 1is 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. 10c),
aluminum (Fig. 10d), and potassium (Fig. 10e).
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=15. Thus,
although the surface of this target area, when
examined in reflected 1light 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 b50-micrometer Tlayer
immediately under the polished surface.

Discussion and Conclusions

The fact that no clear 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 I1linois
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 I1linois 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 basis 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 highest
in the one sample we analyzed from the Appalachian

L T T T T T T 7T

s o pyrite Fe S, conditions -

’g 50 oilmenite Fe Ti Oy 3 MeV protons |
a coal external absorber: 50 um Al

§ 150 pm Be

>

z ﬁ\‘»\"\a\ﬂ\a

x 40+ coal |

32

&

S30f pyrite —

€ ilmenite

2

£

220 -

@

°

&

©

= 10 -

@

c

@

a

) L S [ PO P o o)l

10 20 30 40 50 60
atomic number z

Fig. 8. Comparison of penetration depths, as a
function of atomic number, for 3 MeV protons into
various target materials (Blank and Traxel, 1984).




