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STATUS OF THE CARBON-RATIO THEORY IN ILLINOIS*
By Alfred H. Bell

State Geological Survey, Urbana, Illinois

In a paper entitled "Some Relations in

Origin between Coal and Petroleum" pub-

lished in 1915, David White 1 made some
generalizations that have been called col-

lectively the "carbon-ratio theory." Dur-

ing the ensuing 20 years many authors

have discussed the carbon-ratio theory

and some have questioned its validity

with respect to specific areas. The pur-

pose of the present paper is to review the

pertinent data on coal and petroleum for

the State of Illinois and to consider their

bearing on the various parts of the car-

bon-ratio theory.

The fundamental concept of the carbon-

ratio theory is that dynamic metamor-
phism, acting upon rock strata through
past geologic ages, has caused progressive

increase in the fixed carbon content of

coal and in the Baume gravity of petro-

leum. From proximate analyses of coal,

giving the percentages of four constitu-

ents, namely, moisture, volatile combust-
ible matter, fixed carbon and ash, the

"carbon-ratio" or per cent fixed carbon

in moisture- and ash-free coal can be
calculated. The carbon-ratio of a coal in

any locality according to the theory, is

an index to the degree of dynamic meta-
morphism to which the coal and its asso-

ciated strata have been subjected in that

locality. Commercial oil fields, it was
found, are confined to areas in which
carbon-ratios are not over about 65 (pure
coal basis). Some gas fields are located

in areas of somewhat higher carbon-ratios

but not over 70. No commercial gas or oil

are found in areas of carbon-ratio above
70. In some regions a progressive in-

crease in the Baume gravity of oil (de-

crease in specific gravity) was noted in

going from areas of low carbon-ratio to

areas of high carbon-ratio, or from areas
of little structural disturbance to those
highly disturbed. From these observa-

tions it is inferred that dynamic meta-
morphism acts on oil to change it chem-
ically, making it lighter in gravity until

a point is reached at which it is no longer

liquid at ordinary temperature and pres-

sure. The boundary between an area in

which oil pools occur and an area of

higher carbon-ratios in which there are
no oil pools is called the "extinction

zone." In a recent paper by David White,
the extinction zone is placed between
carbon-ratios of 61 and 63 (pure coal

basis) 2
.

If all coals were formed in the same
manner from the same original material,

and if all determinations of carbon-ratio

were made by the same procedure, the

variations in carbon-ratio found might
be ascribed entirely to varying degrees

of subsequent metamorphism. However,
it is well known that coals differ greatly
in respect to the original material from
which they were formed. Methods of

sampling coal and of making proximate
analyses of coal have differed at different

times and in different laboratories. A
number of different methods have been
used to calculate "carbon-ratios." Con-
sequently much caution must be used in

any attempt to use carbon-ratios as an
index to the degree of dynamic meta-
morphism.
A discussion by W. T. Thorn 3 of sources

of error and of limitations to the use of

carbon-ratios has been published. After

considering the probable maximum varia-

tion of carbon-ratios from the "true norm
for the metamorphism which such coal

samples have suffered," due to initial dif-

ferences in coal-forming vegetation at

time of burial and to errors in sampling,

analysis and computation, Thorn says

"Carbon-ratios appear to provide a fair

qualitative index of local metamorphic
intensity, but do not give quantitative

measures which can be relied on in draw-
ing isocarb contours of less than 5 per

cent (average) differences, even when
derived with all possible care." 4

The relative merits of the various

methods of computing "carbon-ratio"

were also discussed by Thorn in the same
paper. According to the usage of David

* Trans. Illinois Acad. Sci. vol. 34, No. 2, pp. 175-179, 1941 (1942) ; abstract appeared in Trans. Illi-

nois Acad. Sci., 1936.
References are given on page

[3]
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White and of most writers on the subject,

carbon-ratio is the percentage of fixed

carbon in dry ash-free coal computed
from the proximate analysis. Thorn, on

the other hand, advocates the definition

of carbon-ratio as the percentage of fixed

carbon in moist or "as received" ash-free

or mineral-matter-free coal because "the

moisture reported in the ordinary proxi-

mate analysis must be regarded as an
actual constituent of the coal, particularly

if the fixed carbon content is to be used

broadly as a rough index to the intensity

of metamorphic action." An additional

but minor point in favor of using the

carbon-ratio of the moist coal is that

one less experimental determination is

involved and hence there is one less

chance for error.

Table 1 shows four methods of defin-

ing and calculating carbon-ratio. An
actual coal analysis is taken for an ex-

ample and carbon-ratio calculated by each

of the four methods. It may be noted

that carbon-ratios on the dry coal basis

are considerably higher numerically than

those on the moist coal basis but the

numerical differences resulting from the

use of mineral-matter-free instead of ash-

free coal are comparatively small and of

the order of 1 per cent. Hence in mak-
ing use of carbon-ratios from different

sources, those for moist coal must not be

compared directly with those on dry coal

although it is permissible when studying

large regions to use mineral-matter-free

and ash-free carbon-ratios on the same
map.

In the present study of Illinois carbon-

ratios isocarb maps were made for both

dry and moist carbon-ratios. Although
both maps showed the same broad fea-

tures, the map of moist' carbon-ratios was
more consistent and the variations in

carbon-ratio were less abrupt in some
areas than in the map of dry carbon-

ratios.

Figure 1 includes two maps, one show-
ing structure and the other showing car-

bon-ratios. The structural key horizon in

all but eastern Illinois is the top of coal

No. 6, and the contour interval 100 feet.

TABLE I.—CALCULATION OF CARBON-RATIO FROM PROXIMATE ANALYSIS OF
"AS-RECEIVED" SAMPLE GIVEN THE FOLLOWING ANALYSIS

"As received" Basis

Moisture Mr 15.9 per cent

Volatile Combustible Matter VCr 32.6 per cent

Fixed Carbon FCr 42.5 per cent

Ash Ar 9.0 per cent

100.0

Sulfur Sr 3.05 per cent

Moisture Free Basis

VCt
VCr

38.8
100-Mr
FCr

FCf = = 50.5

At

Sf =

100-Mi
Ar

100-M.

Sr

100-M.

10.7

3.62

Carbon- Ratio I = Per cent fixed carbon in "pure coal" or dry ash free coal

FCr X 100 42.5 X 100
56.6

100 — (Mr + Ar) 100 — (15.9 + 9.0)

Carbon- Ratio II = Per cent fixed carbon in "unit coal" or dry mineral matter free coal

100 (FCf — .15 Sf) 100 (50.5 — .15 X 3.62)
-—— = = 57.8

100 — (1.08 Af -f .55 Sf) 100 — (1.08 X 10.7 + .55 X 3.62)

Carbon-ratio III = Per cent fixed carbon in "as-received, ash-free, or moist, ash free" coal

FCr X 100 42.5 X 100= = 46.7
100 Ar 100 — 9.0

Carbon-Ratio IV

100 (FC)

Per cent fixed carbon in "as-received, mineral matter free, or moist
mineral matter free" coal

100 (42.5 — .15 3.05)
= 47.5

100 (1.08 Ar + .55 Sr) 100 (1.08 X 9.0 + .55 X 3.05)
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In the area of the LaSalle anticline

in eastern Illinois, the key horizon is

the base of the Kinderhook-New Albany
shale (top of Devonian limestone). The
principal structural features shown are

the large basin that includes all of the

Pennsylvanian area in Illinois and ex-

tends beyond the state border into Indi-

ana and Kentucky, the LaSalle anticline

and the Duquoin ''anticline" or, more ap-

propriately, monocline.
The carbon-ratios shown are the per-

centages of fixed carbon in moist mineral-

matter-free coal (No. IV, Table 1). Datum
points are not shown. Each datum point

represents one nr'ne and in most cases is

an average of the analyses of several face

samples. The great majority of the anal-

yses were of coal No. 6. Those in the

northern part of the area were of coal

No. 5, No. 2 and No. 1. According to

Hilt's law, carbon-ratios increase with

depth of burial and with geologic age

for different coals at the same loca-

tion. Therefore, if carbon-ratios of

different coals are to be used in draw-
ing isocarbs, they should all be referred

to a single horizon by adding or subtract-

ing an amount which is the average dif-

ference in carbon-ratio of the given coal

and of the coal at the reference horizon

over an area in which both coals occur.

This is difficult, however, because in most
districts only one coal is mined, and data

are insufficient to obtain a reliable value

for the average difference in carbon-ratio

between any two coals in the same area.

Moreover, there are some instances where
an upper coal has a higher carbon-ratio

than a lower coal at the same locality.

In such cases it is evident that other

factors, such as original constitution of

the coal-forming material, had more in-

fluence in determining carbon-ratio than
did depth of burial. Available data show
that average differences in carbon-ratio

of the various coals used in this study
are considerably less than the isocarb

contour interval of 5 per cent. Accord-
ingly it was decided not to use a correc-

tion to a single reference horizon.

The isocarb map shows progressive in-

crease in carbon-ratio in going from north
to south toward the faulted area in

southern Illinois. Data are lacking in

the central part of the basin and in

most of the LaSalle anticline area but
the isocarbs have been tentatively drawn

to show a "high" in this area, and a "low"
in the basin area to the west. A pro-

nounced carbon-ratio high extends north-

ward from the southern part of William-
son County a few miles east of the

Duquoin anticline. This coincides in lo-

cation with a belt of faulting which ex-

tends northward into Franklin County.
Some of the smaller carbon-ratio highs,

however, are not connected with known
structural features. Attention is here
called to the fact that a majority of the

oil and gas pools of the State are located

on or near carbon-ratio highs. Those
that are not so located as shown by the

present map are nearly all in areas where
carbon-ratio data are scarce or lacking,

as for example the Jacksonville gas field,

the Colmar-Plymouth oil field, the Water-
loo and Dupo oil fields. There is a sug-

gestion that the carbon-ratio highs were
caused by forces of structural deforma-

tion which at the same time favored the

accumulation of oil and gas.

Figure 2 is a carbon-ratio and structure

map of the southern part of Illinois. It

is on a larger scale and is more detailed

than Fig. 1. Instead of the boundaries
of faulted areas, the location of the faults

themselves is shown. In addition to the

oil and gas fields which are named, the

location of important oil shows are in-

dicated. One of these, which was a 2-bar-

rel show in the Ste. Genevieve lime-

stone (Lower Mississippian), is located
on a carbon-ratio high.

Variations in oil gravity in Illinois are

greater in different stratigraphic horizons

in one locality than they are for oil from
one stratigraphic horizon in different lo-

cations. There is no recognizable rela-

tionship between areal variations in oil

gravity in Illinois and areal variations

in either carbon-ratios or degree of struc-

tural disturbance. This lack of correla-

tion may be due largely to the fact that

the known oil and gas fields of the State

are confined to areas in which the range
of carbon-ratio variation and degree of

structural disturbance are considerably

less than the total range for the whole
State.

The data presented above on carbon-

ratios and structure in Illinois definitely

indicate a relationship between regional

variations in carbon-ratio and degree of

structural disturbance. However, the
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Fig. 1 {

greatest degree of structural disturbance
in the coal basin of Illinois, which occurs

in the Illinois Ozarks, falls far short of

that in the intensely folded anthracite

region of Pennsylvania, and therefore

conditions in Illinois are not suited for

a complete investigation of the carbon-

ratio theory.

Carbon-ratio data may be of some as-

sistance in future prospecting for new

oil and gas fields in Illinois by suggesting

territory in which probabilities appear
greater than in neighboring territory.

They cannot be expected to provide as

good a basis for recommending definite

locations for drilling as detailed struc-

tural data. Nor can any part of Illinois

be eliminated from consideration as pros-

pective oil territory on the basis of car-

bon-ratio data.

1 David White, Some relations in origin between coal and petroleum : Jour. Washington Acad. Sci.,

vol. 5, pp. 189-212, 1915.
2 David White, Metamorphism of organic sediments and derived oils: Bull. Am. Assoc. Petroleum

Geologists, vol. 19, No. 5, pp. 589-617, 1935 (see abstract).
3 W. T. Thorn, Jr., Present status of the carbon-ratio theory: Problems of Petroleum Geology, a

Symposium, published by the Am. Assoc. Petroleum Geologists, pp. 69-95, 1934.
4

, op. cit., p. 90.

5 Editor's Note: In the legend of the left-hand map of figure 1, the term "Kinderhook-New Albany
shale" should be used instead of "Sweetland Creek."
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