








































































































Table 7.—Major mineral congtituents of samples

Sample No. Quartz Feldspar Cdcite Dolomite Pyrite Illite Kaolinite Chlorite Mixed lays
(pct.) (pct.) (pet.) (pct.) (pct.) (pct.) (pct.) (pct.) (pct.)
1---- 20 5 -- 10 -- 40 6 6 13
2---- 15 5 15 10 -- 35 5 10 5
3---- 15 5 5 5 -- 40 5 10 15
4---- 15 5 5 35 -- 35 - -- 5
5---- 20 5 5 5 -- 35 to 10 10
6---- 20 3 -- 7 -- 25 15 10 20
7---- 40 10 -- -- -- 25 10 10 5
8---- 25 5 2 3 -- 24 12 16 13
9---- 10 5 5 8 -- 30 12 18 12
10---- 15 5 5 -- -- 48 8 8 1
11---- 15 5 -- -- -- 30 15 20 15
12---- 20 5 5 5 -- 25 12 12 16
13---- 25 5 -- 5 -- 25 15 10 15
14---- 20 3 5 -- -- 36 12 12 12
15---- 25 4 3 3 -- 20 15 10 20
16---- 25 5 5 5 -- 24 10 16 10
17---- 25 5 5 -- -- 45 10 5 5
18---- 20 5 5 5 -- 45 10 5 5
19---- 20 5 5 5 -- 30 10 10 15
20---- 20 5 3 2 -- -- 10 10 50
21---- 25 -- 3 2 -- -- 15 -- 55
22---- 20 5 -- -- -- 55 6 6 8
23---- 20 3 - 10 2 55 5 -- 5
24---- 20 8 -- 7 -- 35 7 7 16
25---- 25 5 -- -- -- 36 12 12 10
26---- 20 5 3 -- 3 36 12 12 9
27---- 20 5 5 -- -- 15 15 15 25
28---- 20 5 3 3 3 50 2 -- 14
29---- 20 5 2 3 - - 52 4 4 10
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Figure 7. Differential thermal analysis curves of three representative samples (13, 21, and 24).

high sulfur content. Sample 20 had a high percentage of infixed layer illite and
chlorite, some finegrained calcite, a moderate amount of organic material, and a
high sulfur content. A high percentage of illite, some pyrite, abundant organic
material, and a high percentage of sulfur were found in sample 28. Sample 3 had a
high percentage of illite, some fine-grained calcite, abundant organic material, and a
high sulfur content.

As shown in table 6, feldspar was present in most of the samples. In all
probability it acts as aflux in the vitrification process, and it vitrifies in the range of
temperatures used in the bloating process. A minera that will vitrify rapidly is as
necessary as amaterial that will produce volatiles and cause bloating.

FAVORABLE AREAS FOR EXPLORATION

Analyses of shale samples have indicated that some areas in Indiana should be
explored further as possible sites for lightweight aggregate plants. Other factors,
such as thickness of shale, depth



38 LIGHTWEIGHT AGGREGATE POTENTIALITIES

of overburden, location of markets, and availability of rail facilities and fuel, also must be
evaluated. Favorable areas for exploration of lightweight aggregate potentiaities are
shown on plate 1 by Roman numerals | through IX. These numerals do not indicate which
areas are most favorable but serve only to identify the areas. In general, the most favorable
areas are south of the Wisconsin glacial boundary, but some areas north of this boundary
are accessible because of a thin cover of glacia drift. Wayne (1956) has outlined the
thickness of drift in Indiana north of the Wisconsin glacial boundary.

Areal is in southeastern Newton County, southern Jasper County, and northwestern
White County. The New Albany shale crops out in this area and has a rather thin cover of
glacia drift (Wayne, 1956). A brick plant at Wolcott in White County, abandoned in the
1930's, reportedly operated a pit that contained 40 feet of New Albany shale. The authors
have seen 12 to 15 feet of New Albany cropping out in stream banks just north of the town
of Remington in southern Jasper County. As previously pointed out, the test results (table
2) for sample 3 were excellent. Rail transportation is available in this area, and the market
in northern Indiana and Illinois should be able to absorb large tonnages of lightweight
aggregate.

Area Il is in Montgomery, Tippecanoe, Fountain, and Warren Counties.
Undifferentiated shales of the Borden group crop out in this area of rather thin drift
(Wayne, 1956). Brick plants at Crawfordsville and Attica use shales of the Borden group.
Samples 5 and 7 from these two locations bloated. Rail transportation is accessible in this
area, and further testing of samples may show that Area |l would be a desirable location for
alightweight aggregate plant.

Area Il is in southern Vermillion County and northern Vigo County. Two shale
samples from this area bloated; one was from the shale above Cod Illa, and the other
from the shale above Coa VII. Many strip mines and exposures are found in this area of
thin glacia drift (Wayne, 1956). Rail transportation is available on the periphery of Area
II.

Area IV is in Morgan County and southern Hendricks County. The Wisconsin
glacial boundary crosses this area. Outcrops of shaes of the lower Borden group are
numerous south of Mooresville, and a few outcrops have been found in stream banks in
Hendricks County. Midwest Aggregates, Inc. is now producing lightweight aggregate
from the New Providence shale of the Borden group in this area.

AreaV isin Knox, Daviess, Pike, Gibson, and Warrick Counties. Although samples
from this area did not give as good test results as some others, the abundant shales of the
Allegheny and Conemaugh series warrant further exploration. The rather thick shales
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which are found above the Lower and Upper Millersburg coals in this area show
possible use as raw material for lightweight aggregate. Rail transportation is accessible
in many parts of the area.

Area VI is in Lawrence County and northwestern Orange County. Samples 20
and 21, collected from shales in the Bethel formation in this area, gave excellent test
results. The shale is rather thin (table 1), but thicker shales may be found after further
exploration. Two railroads cross the area.

Area VII is in Jackson County and northern Washington County. Two brick
plants, one at Brownstown and the other at Medora, operate pits in the New Providence
shale of the Borden group, which crops out in this area. No samples were collected from
the New Providence shale in this area because samples of New Providence shae
obtained both north and south of this area gave satisfactory test results. The New
Providence shale, a persistent lithologic unit, in all probability would give good test
results if sampled in this area. Two railroads cross Area VII.

Area VIII is in parts of Bartholomew, Jackson, Jennings, Jefferson, and Scott
Counties. The New Albany shale is exposed at many places in this area. Sample 23,
collected near North Vernon in Jennings County, gave excellent test results. Inasmuch
as the New Albany shale is rather thick and does not vary greatly in its lithologic
characteristics, other samples of it probably would give essentially the same results. Rail
transportation is available in this area.

Area IX isin Clark and Floyd Counties and covers exposures of both the New
Albany and the New Providence shales. Both units were sampled (samples 28 and 29)
and both bloated. Rail transportation is availablein this area.

As shown above, some areas in Indiana can be considered favorable locations for
lightweight aggregate plants using shale as raw material. Each area would need to be
evaluated as to geologic formations, potential market, and available transportation. Pilot
plant testing would have to be made in order to evauate fully the bloating
characteristics of the shales.

CONCLUSIONS

1. Many shaes in Indiana are potential sources of manufactured lightweight
aggregate; 21 of the 29 tested samples bloated. The New Albany, New Providence, and
Bethel shales and the shale above Coal VII in the Dugger formation bloated best.

2. The range in chemical composition in which bloating occurs, as determined
by Riley (1951), is valid. Some shales within this
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range do not bloat, however, because other factors, such as particle size and mineral
composition, are important to bloating.

3. Ternary composition diagrams based on the major constituents do not separate
shales that bloat from those that do not; this substantiates the conclusion that the cause of
bloating is complex and cannot be attributed to any single factor.

4. Such volatile substances as CO,, SO,, H,0, O, , and perhaps hydrocarbons can
cause bloating.

5. Particle size of minerals is a major factor in bloating. Large discrete particles of
pyrite, dolomite, and calcite result in nonuniform bloating, but fine-grained, evenly
dispersed particles of these same minerals produce uniform bloating.

6. X-ray diffraction and differential thermal analyses must be used to supplement
each other in determining mineral composition of shales.

7. The minerals cacite, dolomite, pyrite, and goethite and the clay minerals illite,
chlorite, and kaolinite can release volatiles and thus contribute to bloating. In addition, the
oxidation of organic material can produce volatile substances.

8. Such minerals as calcite, dolomite, and pyrite must be present in shales only in
limited amounts. Too much gas prevents bloating because the pressure is too great and
thus the gas breaks through the viscous glassy layer around the shale particle. A mineral
like feldspar, which vitrifies rapidly at temperatures between 2,100° and 2,300° F., must
be present to form a viscous glassy jacket around the particle to hold the expanding
volatiles and cause vesiculation.
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