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Impure Limestones

Rocks classed commercially as limestones may contain varying
amounts of material other than calcium carbonate (CaCQ ). Most of
them contain more or less magnesium carbonate (MgCO ), up to as much
as 30 percent, above which the rock is called a dolomite. Except in rare
instances a limestone will be found to contain at least a small amount
of silica (SiO ), alumina (Al 203), and iron oxide (FeO or Fe O ). Any
appreciable amount of these impurities, either combined or uncombined,
places the rock in the impure class of limestones. Impure limestones
are used for building and structural purposes, for agricultural stone, for
portland cement, for natural cement, and for hydraulic lime manufacture.

For building and structural purposes the suitability of a limestone
is determined more by its physical properties than by its chemical com-
position. The physical properties that are considered include color,
strength, density, texture, hardness, workability, absorption, and poro-
sity.

Table 2
Physical Properties of Limestones
Color: white when pure, but range through gray, buff, red,
» brown, to black.
Strength: range arom 850 to 52,600 psi, with 13,600 average
compressive (1942)
Density, bulk: range from 1.74 to 2.86 (108 to 178 Ibs/cu. ft.)
air-dried (1942)*
Texture: normally crystalline, some with spherical con-
cretions.
Hardness: 3 Mohs scale.
Workability: normally worked with ease unless highly siliceous.
Porosity: range from 0 to 37.6 percent by volume; 8.3 average
(1942)*
Table 3

Physical Properties of Henryhouse Marlstone
near center of SEY section 4, T. 2N., R. 6 E.

Color: _ pearl gray
Strength: 4,380 psi
compressive
Density: 2.42 (approx. 150 lbs/cu. ft.)

Bulk, air-dried
10

Table 3, (Con’t).
Apparent, dried 110° C. 2.46 — 2.50 (approx. 154-156 lbs/cu. ft.)

Texture: inequigranular, compact, scattered fossils
Hardness: 3 Mohs’ scale

Workability: saws easily; somewhat brittle

Absorption: normal absorption from atmosphere 1.2 percent or

more; maximum by immersion 4.6 percent by weight

Porosity: 11.3 percent by volume

Henryhouse Marlstone for Building and Structural Use

The physical properties of the Henryhouse marlstone from this
particular location do not suggest its use as agpregate in concrete or
for road construction (1948)°, but there is a possibility that it might
tind use as a building and structural stone. Its compressive strength is
not as great as required in some specifications, but is well above any
probable load likely to be encountered in this area. It does not have as
pleasing color or appearance as might be desired, being somewhat drab
and lusterless. It has also a tendency to "weather” and “chalk” and is
rather brittle. However, its occurrence in massive beds and its ease of
sawing are favorable factors.

Absorption and porosity are important in judging the permanence
of stone. Absorption is best determined by immersion in water, raising
the temperature to boiling, maintaining at a boil until the entire specimen
has atrained that degree, cooling submerged, removing excess moisture
from the exterior, and weighing. Absorbed water is subject to freezing
and thawing and thus is a definite factor in the deterioration of stone.
The amount of pore space and the size of the pores have a bearing on the
probable freezing and thawing damage. Under normal atmospheric con-
ditions it was found that the Henryhouse marlstone contains upward of
1.2 percent absorbed moisture and that the maximum obtained by the a-
bove method was 4.6 percent by weight. The porosity was determined
using a non-aqueous medium instead of water because of the possible
effect of water on the clay content of the stone. The porosity found was
higher than the average for limestones but the pore size appears to be
smaller than the average. Some investigators report that stress and strain
due to freezing and thawing is more pronounced in stone with small pores
than in stone with larger ones, the cushioning effect of occluded air be-
ing greater in the large pore (1948)5.

Attention is directed to compréssion strength and porosit% figures
on limestones when taken from different sources (1942)" (1949) . Con-
siderable variance will be noted, the differences being due probably to
the differences in the methods employed in the determination as well as
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other causes. It is believed that those presented here are representative
and reliable. It seems evident that the Henryhouse marlstone is not as
desirable a building and structural stone as might be wished for, espe-
cially from a competitive viewpoint in this area where other stones are
being quarried or are available.

Henryhouse Marlstone as Agstone

Limestone for agricultural purposes must meet certain specifica-
tions which have in the past been established by federal or state agen-
cies. The principal requirement pertains to the neutralizing value on soil
acids and is measured in terms of the calcium carbonate equivalent. In
Oklahoma the minimum acceptable calcium carbonate equivalent has been
85 percent and in only a very few states is the minimum as low as 80
percent. The Henryhouse marlstone does not meet even the lowest figure
and therefore its use can not be advocated for agricultural purposes.

Henryhouse Marlstone for Portland Cement

The manufacture of portland cement is carried out under most rigid
control of its composition. Natural cement stone that will satisfy the
requirements as raw material for portland cement, or a blend of stone
that will satisfy these requirements, will contain oxides in the following
ratios, according to Dixon (1942)".

(1) Ca0 — MgO (2) SiO

_ 8 =1.9 t0 2.15 2

SlO2 - A1203 - Fe203 A12()3

=2.5 t0 4.0

The Henryhouse marlstone ratios computed from the chemical analysis
are:

(1) CaO - MgO L @ s
Si0O —Al O —Fe O
2 23 2 3

=4.68

Al O
23

Ratio 1 is within but close to the upper limit, whereas ratio 2 is over
the limit. Further, the percentage of magnesium carbonate in this stone
was found to be 9.5 whereas 5 percent is the maximum allowable. There-
fore, the Henryhouse marlstone can not be recommended for portland
cement manufacture.

Natural Cements and Hydraulic Limes

Early in the eighteenth century, it was known that certain lime-
stones containing clay could be burned to yield products with true hy-
draulic properties. The burned stone, after slaking with water, would
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“set”. Depending on the proportions of clayey material in the stone and
its ratio to the alkaline-earth oxides, products were obtained that pos-
sessed more or less hydrauhc properties ranging from natural cements to
hydraulic limes (1951)°.

According to Dixon (1942)” stone that will yield a natural hydraulic
cement contains from 13 to 35 percent clayey material (silica, alumina,
and iron oxides) and from 35 to 50 percent alkaline-earth oxides (lime
and magnesia). If the calcination is carried out at a temperature in the
range from 1000 to 1200° C., the clay minerals are dehydrated and the
alkaline-earth carbonates dissociate into carbon dioxide and the alkaline-
earth oxides. The moisture and carbon dioxide escape and the alkaline-
earth oxides and the dehydrated clay react to produce alkaline-earth sili-
cates and aluminates which possess hydraulic properties. A temperature
of 1200° C. is not sufficient to cause such vitrification as is necessary
in making portland cement, and the compounds formed are not the same
as at a higher temperature or at least not in the same proportions. The
product will not slake with water as does ordinary 11me but it does com-
bine with the water to produce a firm mass, that is, it “sets” (1942)

The percentage range of the several components as given by Dixon can-
not be considered as critical since Rosendale stone from which a major
portion of the natural cement produced in the United States is made is
reported to contain 36 to 41 percent clayey material, 27 to 30 percent
calcxum and magnesium oxide, and 4 to 8 percent soda and potash
(1949)°.

Stone suitable for the production of bydraulic lime has been found
to contain from 10 to 17 percent clayey material (silica, alumina, and iron
oxide) and from 40 to 45 percent calcium oxide (lime). Magnesia may re-
place the lime to a considerable extent without dlsadvantage. Calcina-
tion is carried out in the temperature range from 600 to 900° C. and
yields a product that will slake with water in a manner similar to ordinary
quicklime and possessing hydraulic properties ranging from feeble to
those that harden quite satisfactorily under water (1942, p. 871)°. The
Henryhouse marlstone contains lime and magnesia in an amount within
the above limits. The amount of clayey materials is slightly above the
limit placed on these ingredients.

Whether a stone will yield an acceptable quicklime, a weakly hy-
draulic lime, a strongly hydraulic lime, a Roman cement, or a portland
cement can be determined approx1mately according to Platzman who
established a table based upon composition for this purpose (1924)*°
The table is given on the following page.
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CaO-MgO  Clay content Water content

after $i0,.Al O .Fe O after
. 23 "2 3 .
burning slaking
Quicklime 90 to 100 0to 10 25 to 26
Weakly hydraulic lime 85 to 90 10 to 15 20 to 24
Strongly hydraulic lime 65 to 85 15 to 35 17 to 22
Roman cement 55 to 60 40 to 45  =eeem- -
Portland cement 60 to 65 35 to 40  e=e-ee-
Henryhouse lime 67.8 30.3 13.8

This comparison indicates that the Henryhouse marlstone should make a
strongly hydraulic lime but it should not be expected to find use in either
Roman or portland cement although it might possibly be a component of

a blend for portland cement if it were not for the magnesia.

In the early days of this country the only hydraulic cement avail-
able was the so-called Roman or natural cement. In recent years the ton-
nage of natural cement manufactured has gradually decreased. The manu-
facture of portland cement has increased and almost supplanted the na-
tural cement. The same sort of change has taken place in the hydraulic
lime business, this product being replaced by blends of portland cement
and lime especially for mortar. Accordingly, the prospects in the hy-
draulic lime business might be considered questionable. It is encourag-
ing to read the article by Nathan C. Rockwood, a recognized authority on
non-metallic mineral utilization, offering contrary evidence and predicting
a reversal of the trend (1948) ". In the same issue, Mt. Rockwood edi-
torializes on “Progress? in Cement and Concrete Research”. A portion
is here quoted:

““As a student of engineering history, as well as by neces-
sity a reader of current literature on the subject, we have
taken an interest in work of the early researchers on hy-
draulic cements. They had one great advantage. They
started with little knowledge of the subject. Hence, they
were interested in all kinds of hydraulic cements. Since lime
is the most essential ingredient of all hydraulic cements,
their research was based on a study of the chemistry of lime.

We hazard the suggestion that the same approach would be
helpful today. The development of portland cement was possi-
ble because the early experimenters had observed the effect
of argillaceous ingredients in limestone. Hydraulic lime was
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the first manufactured hydraulic cement. In some ways it still
appears to be the best.”

In the technical article referred to, Mr. Rockwood compares the perma-
nence of structures made with the old-time natural cements with those
more modern and made with portland cement. The comparison is defi-
nitely favorable to the old-time products. The reason advanced for the
better results from the older materials is that they contained lime (CaO)
and silica (SiO ) in a lower ratio, forming the monocalcium silcate rath-
er than the dicalcium and tricalcium compounds, and that the mono com-
pound is much more stable as proven by its occurrence in nature. The
fundamental difference in the mode of manufacture between the older pro-
ducts and modern portland cement lies in the temperature used in their
manufacture. Natural cements and hydraulic limes are burned at tem-
peratures below that where sintering occurs, and portland cement is
burned to obtain a sinter. The types of product, therefore, are radically
different in their reaction with water. Recognition of this difference and
of the difference in the chemistry of the calcium silicates produced could
presage a return to hydraulic lime for many structural purposes. Among
the uses for which hydraulic lime seems well adapted are the making of
concrete building blocks and pre-cast shapes and slabs. The fact that
generally hydraulic limes are slaked immediately prior to their use, fur-
nishing a much more reactive product, may account for the claimed supe-
riority of concrete products made from it.

Henryhouse Marlstone and Hydraulic Lime

Reeds comments in his article on the Hunton formation of Oklahoma
(1911)1 *At the present time, no natural cement rock is being worked in
Oklahoma. The Hunton limestone, however, of the Arbuckle Mountains,
in its middle shaly horizons, gives some indications that it might be so
used, but is has not been tested.”” This statement held good until early
in 1953 when an investigation of the properties of the Henryhouse marl-
stone was instigated at the Oklahoma Geological Survey. This investi-
gation was the result of an inquiry from Ron Bailey, at that time manager
of the Ada Chamber of Commerce, who brought a specimen of the stone
to the writer. The inquiry led to a field trip on which William E. Ham,
staff geologist, and the writer were accompanied by Mr. Bailey, Mayor
Allen of Ada, and W. E. Little, editor of the Ada News. A prominent
bluff in the southeast quarter of section 4, T. 2 N., Range 6 E., Pontotac
County, was visited and a large sample representing the lower 40 feet of
its face was taken and used for analyses and preliminary experiments.
Material from this exposure has been used throughout the investigation.
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Calcining

The question first up for consideration concerns the size of raw
material to be processed. If the vertical kiln is to be used, the stone
should preferably be in 6 to 8 inch size. The rotary kiln will handle ma-
terial from 22 inch to dust size, but for the sake of product uniformity
the feed is usually quite closely sized. Since World War II, two new types
of kilns have been developed. The Ellerman kiln produces a pebble lime
from Y to 1% inch in size. This kiln handles only 6 to 15 tons per day
but requires a relatively small investment. The Dorrco fluo-solids kiln
handles minus 10-mesh material and is said to be es_gecially adapted to
stone or lime that has granulating tendencies (1952)".

The second question has to do with the proper temperature in cal-
cining, To determine this, a quantity of marlstone was crushed and
ground, yielding a product with particle size as follows:

On 80-mesh 10.7%
On 100-mesh 6.1%
On 200-mesh 35.2%
Through 200-mesh 47.0%

Portions of the pulverized material were calcined at 1200°, 1000°, 950°,
900°, 800°, and 700° C., as shown in Table 4, yielding products which
on re-ignition at 1000° C. showed losses of 0, 0.63, 0.54, 1.81, 13.25,
and 29.67 percent respectively. The several calcined products were
slaked with water and the putty mixed with sand. The mixtures were
cast in standard 1” x 1” bar molds and allowed to dry. The bars were
alternately wet and dried over a four-week period. The apparent density,
absorption, porosity, and compressive strength were determined on each
specimen. The results were inconclusive except to show that calcining
temperatures above 1000° C. produced products of little worth as hydrau-
lic lime, but that products calcined between 800° and 1000° C. possess
hydraulic properties; and that the density, absorption, and porosity de-
pended more upon the water incorporated in the mixture than upon the
temperature of calcination. The compressive strength was also influ-
enced by the amount of water used. The hydraulic properties of the lime
calcined at 800° C., together with the further loss on ignition of the lime
at higher temperature, indicates that the dolomite in the stone has been
dissociated, but the calcite has not. The products from calcination in
the temperature range from 900° to 1000° C. are quite similar to each
other. A temperature of 950° C. was accepted as satisfactory for further
trials.
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p- s. i.
1300
1325
1325
1225
1125

700
850
575
250

Strength
1325

36.0
34.4
40.0
38.5
43.4
50.9
53.3
61.0
150.2
126.0

Absorption
% by wt.

Porosity
% by vol.
47.4
43.5
42.8
40.4
41.1
45.6
39.9
44,6
72.2
63.0

d with a weighed amount of popped Dustin vol-

1.35
1.26
1.07
1.05
0.95
0.90
0.75
0.73
0.48

ired at 1740° F. A weighe& amount of the “cal-
0.50

Bulk
Density

Table V

Insulation Concrete
Water,
% by wt.
83
83
83
83
83
105
110
115
150
150*"

HENRYHOUSE MARLSTONE

Aggregate,
% by wt.

10

15

20

25

30

35

50

% by wt.
100
95
90
85
80
75
70
65
50
50

The mixture cast in bar mold 1” x 1” x 14%;”. On removal, the bars were alternately dried
Lime,

and wer. After several weeks the dried bars were cut into approximately 2” lengths for testing.

overnight before molding.

slaked with measured amount-of water, and mixe
h.

house marlstone ground to pass 100 mesh and £

canic as
2.
7.
8.
9a.

cine
Note:* Part of this water was used to slake the lime, the balance added later. The mixture was held

Henry
Test No.



murr9641

murr9641

murr9641

murr9641


— 47.0%
Compressive

200
1300
2000

900
2100
1600
1800

800

On 80-mesh — 10.7% On 200-mesh — 35.2%
5.8

27.0 -
17.3
33.0
18.3
27.8
3.1
18.3

Absorption
1

6.1% Smaller

% by vol. % by weight Strength in psi.
43.4
31.6
47.9
35.3
42.5
30.1
49.2
34.0

Porosity

On 100-mesh —
Apparent
Density

1.61
1.83
1.45
1.93
1.53
1.90
1.49
1.86

(

Table 4. Henryhouse Marlstone
Concrete Masonry Tests

100 gms. product

200 gms. sand
100 gms. product

200 gms. sand
100 gms. product

200 gms. sand
100 gms. product

(b)175 mls. water
200 gms. sand

100 gms. product
200 gms. sand
100 gms. product
200 gms. sand
(a) 90 mls. water
(b) 133 mls. water
(a) 90 mls. water
(b) 133 mls. water
(a) 90 mls. water
90 mls. water
90 mls. water

product, silica sand,
118 mls. water

Sieve analysis
and water.

on ignition
o
C.

at 1000
0.63%

0.54%
1.81%
13.25%
29.67%

16
12
18
20
20
30

Marlstone crushed and ground
for Hrs.

1200
1000
950
900
800

Calcined Calcined Product loss Test mixture
700

at °C.

Mortar and Concrete from Calcined Henryhouse Marlstone

The first trials consisted in slaking the lime using 12 parts water
to 10 parts lime, and allowing the slaked lime to age for 2 hours before
mixing with the aggregate. Mixtures were prepared using lime to silica
sand ratio of 1 to 5 and 1 to 10. The mixtures were cast into bars hav-
ing dimensions 1” x 1” x 14”. Within a few hours after casting the bars
had “‘set” sufficiently so that they could be handled without distortion.
The bars were air dried, and cut into shorter lengths for testing purposes.
It was found later that on immersion in water the dried pieces had aten-
dency to swell, warp, crack, and disintegrate. This tendency was due,
no doubt, to incomplete hydration which is characteristic of dolomitic
limes(1952)'%, The difficulty was overcome in the laboratory by carrying
out the slaking in a can with lid and maintaining the high temperature
developed by the reaction for several hours through application of exter-
nal heat. Also, it was found advantageous to store the cast bars prior
to drying in an atmosphere saturated or nearly saturated with moisture.

It is recommended that before slaking any lime the operator should read
the directions given in ASTM re{)ort (1926)1,3, and Knibbs and Thyer’s
article on lime hydration (1955) 4,

Trials were also made in which the lime was converted to a pow-
dered dry hydrate rather than to a “'putty’’ as in the first trials. This hy-
dration was carried out in a closed container using water in the amount
theoretically required to convert the calcium and magnesium oxides to the
hydroxides but without excess. The product conforms to the definition
and requirements of Magnesium Hydraulic Hydrated Lime (1942)'°,

Mixtures with aggregates were prepared as in previous work and
bars cast for test purposes. The initial ‘*set’’ was not as evident
where the dry hydrate was employed as where the ‘‘putty’’ was used.
Also, test blocks were made by thoroughly blending on a weight basis 18
parts dry hydrate, 60 parts silica sand, and 10 parts water and pressing
into a 2)4” cylinder at 800 psi. After aging for 15 days in moist air the
blocks were dried. After storage for several months the blocks were found
to withstand up to 3000 psi pressure before crushing.

The current demand in the construction business for lightweight comr
crete in monolithic and precast forms lead to tests using lime prepared
from the Henryhouse marlstone together with lightweight bloated shale and
popped volcanic ash. The results of tests using popped volcanic ash are
shown in Table V and include the effect of variation in the proportions of
lime and aggregate on the bulk density, porosity, absorption and ctushing
strength of the products. The slight irregularity in the porosity and ab-
sorption may be attributed to the change in amount of water required to
produce a castable mixture as the percentage of aggregate was increased.
As was to be expected, the crushing strength decreased with lowering of
the bulk density.

So far, all tests on the Henryhouse marlstone have been conducted
on material calcined by conventional methods. As has been shown, the
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hydration of dolomitic lime is seldom complete unless great care is exer-
cised in control of the reaction. Within the past few years there has been
considerable research on catalytic calcination of limestones and dolo-
mites. Based upon the work of McIntire and Stansel on steam catalysis
in calcination (1953)16, experiments were made looking to the production
of a thoroughly hydrated product directly from pulverized stone.

Our experiment consisted in spreading a half inch layer of pulver-
ized marlstone on a silicon carbide slab which was the hearth of an elec-
tric furnace equipped with automatic temperature controls. When the fur-
nace had atrained 150° C. a stream of live steam was introduced and the
flow continued throughout the calcination. When the furnace reached 700
C. it was held at this temperature for three hours after which the source
of heat was cut off and the furnace allowed gradually to cool. Only when
the temperature had dropped to 150° C. was the steam cut off. The fur-
nace was then opened and allowed to cool to room temperature. The tem-
perature of 150° C. was adopted because it was still hot enough that the
product would be dry when cool and also because it was below the disso-
ciation temperature of both calcium and magnesium hydroxide, a condition
which should be conducive to a high yield of these products. Theoreti-
cally, the product should show a 19.8 percent ignition loss at 1000° C.
whereas the actual loss was 21.6 percent, indicating a product of appro-
ximately the desired composition. Further research on this process is
contemplated, since a completely hydrated product would avert stresses
and strains in concrete and mortar due to unhydrated magnesia and thus
prevent deterioration now recognized as caused by unhydrated magnesia.

o

Summary

The Henryhouse marlstone in the Lawrence uplift has been mapped,
disclosing a tremendous reserve of this impure limestone with a number
of desirable quarry sites. Commercial uses for this stone appear to be
limited. The physical properties of the stone are not attractive but the
massive occurrence and ease of sawing are favorable considerations for
its use as building stone. Calcination of the stone to produce a hydraulic
lime offers the best chance for commercial exploitation. Laboratory ex-
periments indicate that lime prepared from this stone by calcining in the
range of 900° to 1000° C. possesses hydraulic properties which in admix-
ture with siliceous aggregate yield satisfactory mortars and concrete.
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