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Short Papers on Research in 1967

This collection of papers continues the series begun in 1967 as a part of the Reports of Studies

n

the Bulletin. The papers present scientific and economic results of work by members of the State

Geological Survey of Kansas and others during the calendar year 1967.
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0. KARMIE GALLE
ERNEST E. ANGINO

Trace Elemental Analysis of Fresh Water

by Atomic Absorption

ABSTRACT

In studies of water quality, knowledge of trace ele-
ment composition is important.  Cobalt, irea, lithium,
mangancse, nickel, strontium, zinc, and silicon were de-
termined 1n water from several streams and ponds of the
Kansas River Basin. The mcthod has proven to be
routincly useable in the range of 0.01-1 ppm for Co,
Ni. and Li, 0.01-10 ppm for Mn, Sr, Zn, and Si, and
(.1-100 ppm for Ca, Mg, and Fe. These trace elements
and others can be determined from the same concen-
trated solution by evaporating 500 ml of filtered water
down to 10 ml. This solution is then brought up to 50
ml by the addition of distilled, deionized water. The
cocthcient of variation for cach element was: Co 69 at
0wy ppm. Fe 5% at 0.06 ppm, Li 10%, at 0.0, Mn
2.5%, at 0.02, and Sr 7% at 0.08 ppm levels, respectively.
While it is recognized that these cocfficients of variation
values can be improved, they were deemed adequate for
this study.

A study of the trace element content of the
rivers in the lower Kansas River Basin was un-
dertaken as part of a much larger program di-
rected toward developing a programed water
quality model (O’Brien, et al., 1967) for the
main stem Kansas River.! The purpose in doing
the trace element analyses was two-fold: (1) To
develop methods for trace elemental analyses,
and (2) To collect data on the trace element
content of the different rivers in the Kansas
River Basin. Because little information on trace
clements exists for the rivers of this area, it
was thought that such an investigation would be
worthwhile.

The rivers of the basin which were sampled
for this study (Fig. 1) include: the Smoky Hill,
Saline, and Solomon rivers in the western part

1 Financial assistance for part of this work was provided by a
Federal Water Pollution Control Administration grant to one of
us (W. J. OBrien with E. E. Angino) wunder contract PH
%6-66-63 to the Center for Rescarch in Fnpincering Science, The
University of Kansas. T, C. Waugh aided in the development of
the method for trace element analysis, and R. L. Kennedy, R. L.
Madl and Mrs., Khawla Sabih prepared the samples,

Manuscript reccived September 10, 1967,
Accepted for publication January 19, 1968,
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of the area, the Republican and Blue rivers in
the central part, and the Delaware and Waka-
rusa rivers in the eastern part. The Kansas
River, which extends from Junction City to
Kansas City, was also sampled at intervals of 20
to 40 miles.

All samples analyzed for trace elements were
prepared in the following manner. Upon being
received in the laboratory the water was filtered
through a 1.2 # Millipore filter to remove any
suspended material. Five hundred ml of the
filtered water (to which was added 10 ml of
hydrochloric acid) was then evaporated down to
a volume of approximately 10 ml, transferred to
a 50 ml volumetric flask, and diluted to the mark
with distilled, deionized water. This gave a so-
lution with a concentration factor of 10. The
acid was added to keep the SiO, and iron in so-
lution. Diluting the concentrated water to 50
ml with methanol was also tried. According to
Wheat (1964), the use of an 80 percent water-
methanol solution will increase the sensitivity
three to four times over straight aqueous solu-
tions. This can be helpful where low concentra-
tions of a particular element are present. How-
ever, a drawback exists to the use of methanol
solutions. It was found that when methanol was
used as a diluent, fresh standards had to be made
up for each scries of analyses. With aqueous so-
lutions, standards, which ranged from 0.1 to 10
ppm, could be kept an average of 5-8 weeks be-
fore any change was noted. lron was an ex-
ception to this average. Solutions of 100 ppm
or less could not be kept tor more than one day.
For the bulk of the samples run during this
study, the methanol dilution step was not neces-
sary, Adequate sensitivity was obtained  using
the aqueous solutions. The clements routinely
determined on the concentrated water solutions
were Co, Fe, i, Mn, Ni, Si, (as Si10.), Sr, and
Zn. In addition to these elements, Ca and Mg
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Ficure 1.—Map of the portion of the Kansas River Basin from which samples were collected.

were determined separately. Due to the high
concentration of Ca and Mg, it was necessary
to dilute the original water sample 25 times
in order to complete a successful instrumental
analysis.

The instrument used for the determinations
was a Jarrell-Ash model 82-500 series atomic
absorption spectrometer. The instrument utilizes
a 0.5-m Ebert monochromater and, for our de-
terminations, was equipped with a 100-x cn-
trance and a 150-u exit slit. The burner used was
a Jarrell-Ash triflame burner which consists of a
laminar flow head mounted over a Hetco
burner. A fuel combination of air-H, was used
for all determinations except §10s. A fuel com-
bination of acetylene-nitrous oxide was neces-
sary to determine SiOp successfully. Fuel and
support gas pressures were adjusted for maxi-
mum sensitivity for each element.

Twelve locations within the Kansas River
Basin were sampled once every month from
June 1966 through May 1967. The elements
studied, the concentration ranges measured, and
the calculated coefficient of variation for each
element are summarized briefly in Table I.

The primary interference encountered in the
determination of calcium and magnesium came
from sulfate (SO4). The sulfate content of the
river waters was as high as several hundred
ppm at some locations. This interference was
eliminated with the addition of 1500 ppm stron-
tium as SrCl,. There were no interfercnces en-
countered during this study which were not
climinated by the addition of strontium.

One of the interferences which was found to
be of importance was the cffect of different
acids upon the sensitivity of caleium and mag-

Google

nesium in a hydrogen-air flame. Galle and An-
gino (1967) reported a difference in standard
curves obtained when four different acids were
used to put the calcium and magnesium into
solution. The acids studied were HCIOy, HCI,
HNO;, and H2SOy. The work was done with a
Hetco (total consumption) burner and a hydro-
gen-air fuel mixture. Figures 2 and 3 show the
results obtained for calcium and magnesium, re-
spectively. It was felt that this effect was prob-
ably caused, in part, by the type of burner in the
system. It was also felt that the use of a laminar
flow type burner would eliminate much of the
differences demonstrated by these two figures.
However, this is not true if a low-temperature
hydrogen-air flame is used. Figure 4 shows the
results obtained using the same concentrations of
calcium as shown in Figure 2 but doing the de-
terminations on a laminar flow type burner and
using a hydrogen flame. As can be seen, the dif-
ferences still remain, but the net effect was to
increase the scnsitivity in each case. As is com-

TasrLe 1.—Concentration ranges and calculated coeffi-
cients of variation of the clements studied.

Cauncentration Cocfhcient®

Elcment range, ppm of varation
Ca 10,0 -176.0
Mg 8.0 - 540
Sr 0.012- 03 ¥ ppm
Co 00 - 03 6.0% at 0.08 ppm level
Ni 0.o03- 012
Fe 0013- 08 5.094 at 0.06 ppm level
Mn 0.003 - 0.7 2.5%, 2 ppm level
YA 0.01 - 0.5 0352 at 0.40 ppm level
.1 00 - 0.04 1003 at 0.01 ppm level
S10: 59 - 313 2.3% at 7.0 ppm level
* Cocthoient of variation was calculated on the basis of 12 de-
terminations,
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Frei Ry 2.—Comparison of the effect of four acids upon
the absorption of calcium using a hyvdrogen-air flame and
a Hetco burner.
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Fierre 3.—Comparison of the effect of four acids upon
the absorption of magnesium using a hydrogen-air flame
and a Hcteo burner.

monly known, the differences can be climinated
by use of a hotter flame (e.g., an acctylene-air
flame). This eliminates the difference between
HCIlOy, HCI, and HNOj3. However, a difference
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Fictre 4.—Comparison of the effect of four acids upon
the absorption of calcium using a hvdrogen-air flame and
a laminar How burner.

in the H.SOy curve remains, due, most likely,
to the sulfate interference. The hydrogen-air
flame was used when this work was begun and
its use continued because it produces less re-
corder noise than an acetylene-air flame. The
sensitivities obtained for calcium and magnesium
are adequate for our needs and as long as
standard and sample solutions are made up with
the same acid, no viscosity or other problems
were encountered with the Ca and Mg deter-
minations.

The concentrations of the trace elements, as
determined for this study, appear to have sea-
sonal variations. The highest concentrations of
Co, Fe, and Ni were found during the months
of July, August, and Scptember. The concen-
trations of these clements, in general, decreased
as the weather got colder. The concentrations of
Li, Mn, and Sr, however, showed a tendency to
increase during the winter months of December,
January, and February, The data for Zn and
SiO. are incomplete and go back only to De-
cember of 1966: therefore, no information about
seasonal variations is available for them.



A technique used for Si0). determinations
might be of interest. The cathode power supply
of the Jarrell-Ash atomic absorption units may
be operated in two different modes. In the
normal mode of operation a de current drives
the cathode tube which is used in conjunction
with a mechanical chopper to provide a signal
to the monochromater of 87 cycles per second.
The second mode of operation involves changing
the input current to the cathode tube from dc
to pulsed de. This is done on the Jarrell-Ash in-
strument by simply moving a switch from the
“normal” position to what is called a “high in-
tensity” position. In this position the signal is
pulsed electronically at 87 cps. This in effect pro-
vides a signal of high intensity for short in-
tervals maintaining a mean current below that
of the normal hollow cathode rate. High in-
tensity provides an output 5-20 times as intense
as the mechanically pulsed dc output. Tt was
found that by using the high intensity mode of
operation for the SiOs determinations most of
the signal noise in the recorder which was pres-
ent when using a scale expansion of 8-10 mv
was eliminated. When using the high intensity
maode, the sensitivity is reduced; but when most
of the determinations involve SiQ, in concen-
trations of 10 ppm or greater, the reduction in
sensitivity does not appear to be critical. This
method was tried in all determinations in which
the recorder scale expansion was needed and an
excessive amount of signal noise was present
(particularly in determinations of Co and Sr).
The technique was successful in reducing the
noise level so that readings could be made more
accurately.

Another statement on Si()., determinations
by atomic absorption can be made here. Pres-
ently, we are working on a mcthod for the
determination of SiQ. and Al.Oy in carbonate
and silicate rocks. This method involves fusing
a powdered sample with lithium metaborate as
described by Ingamells (1966). After the sample
1s fused, 1t is taken into solution with H.O and
nitric acid. The solution technique appears to be
successful and our preliminary results on USBS
and USGS standard samples is encouraging. The
method, however, breaks down with those
samples which have 80-100 percent Si0,. In
these cases it is difficult to get all of the Si10»
into solution. However the technique appears to
work for most other samples, particularly car-
bonates.

As far as interferences are concerned, little
information in the literature exists as a guide.
Calctum appears to interfere slightly and lithium

Google
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in large amounts causes some interference. Fig-
ures 5 and 6 demonstrate these interferences.
Iron apparently does not interefere, at least at
the levels encountered during this investigation.
Aluminum may be expected to cause some in-
terference, although this has not been checked
to date.
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Fiure 5.—Comparison of standard curves of Si10: and
$10: plus 50 ppm Ca.
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Frovke 6.—Comparison of standard curves of SiO: and
$10; plus 3000 ppm and 2000 ppm Li.

CONCLUSIONS

The highest concentration of trace clements
is found in the western part of the region, in
the Smoky Hill, Saline, and Solomon rivers.
The concentration of the trace elements deter-
mined, in general, gradually decreases and is the
lowest at the eastern end of the region or the
lower portion of the Kansas River near Kansas
City. Apparently most of the trace elements
found in the Kansas River itself are contributed
by the Dakota Formation through which the
Smoky Hill, Saline, and Solomon rivers flow.
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Very little in the way of trace elements is con-
tributed east of the point where the rivers join
o form the Kansas River. The fact that the
tlemental concentrations are diluted by the time
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RONALD G. HARDY
JOHN M. HUH
MAYNARD P. BAULEKE

Kansas Raw Materials for the Manufacture

of Reflective Glass Beads

ABSTRACT

Cheyenne Sandstone from Comanche County, dune
sand from near Liberal, Kansas, and caliche or chalk
from the Fort Hays Limestone Member of the Niobrara
Chalk were used in glass compositions to make reflective
glass beads. Both sources of sand were acid-leached to
reduce their iron content. Index of refraction and light
reflectivity of the experimental glass beads produced were
of the same value as those of currently manufactured
commercial products.

Several years ago Nixon, ez al. (1950) recom-
mended that the Cheyenne Sandstone was suit-
able for industrial use. Nothing has occurred in
the passing years to develop the deposit, mainly
because of the distance from markets and com-
peting sands from other sources in surround-
ing states. This is a reexamination of the Chey-
enne Sandstone for possible use in the manu-
facturing of reflective glass beads, a growing
market, which can utilize a glass of higher iron
content than many of the current industrial
glasses. In addition a sample of dune sand from
near Liberal, Kansas, was beneficiated and com-
pared with the Cheyenne Sandstone as a poten-
tial raw material in the manufacture of glass
beads.

The Cheyenne Sandstone in Comanche
County is poorly indurated. Thus, no special
digging equipment is required to recover it.
Hydraulic mining would be possible and could
also serve as the first step in removing impurities.
Dune sands are easily dug from the ground.

The laboratory beneficiation method for
Cheyenne Sandstone was as follows:

1. Raw sand sample crushed by jaw crusher.
Dried at 115° C. 4000 gm
weighed.

sample

Manuscript received August 23, 1967,
Accepted for publication January 15, 1965,
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2. Washed and scrubbed for 2 hrs: 4000 gm
sand, 5000 ml tap water, 8 gm sodium
hexametaphosphate.

3. Screened through 150-mesh sieve: 4150
for further benehciation; —150 discarded.

4. Acid washing of 150-mesh sand: 3400 gm
sand, 1200 m! 37°{ technical grade HCI,
2800 ml tap water. Washed for 4 hrs;
rinsed away acid; dried at 110° C.

5. Magnetic scparation to remove magnetic
iron.

6. Sand ready for use.

The laboratory bencficiation of dune sand
was as follows:

1. Screen raw sand through 28-mesh sieve to
remove rubbish.

2. Pass through magnetic separator to re-
move hematite and iron-cemented quartz
particles.

3. Acid leaching of iron compounds: 2300
gm sand, 4600 ml 37°/ technical grade
HCI, 4600 ml tap water. Agitate for 6 hrs
in a ball mill without balls.

4. Wash and neutralize the actd.

5. Sand ready for use.

In addition to the Kansas sands, local cal-
cium carbonate sources (Fort Hayes limestone
and caliche) were used in glass compositions.
The hmestone and caliche were used without
any beneficiation.

Numerous glass compositions were melted,
but only a few representative ones are listed in
Table 1. Some of the compositions may be un-
economical for the manufacture of glass beads,
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Tasrr 1.—Typical glass compositions made with Kansas sands and calcium carbonates.
Composition, in percent
Raw Fort Hays Anhydrous

armp, du LMty ic

> ;r“. te s;: nn(;: l.\‘?Zm‘: crrXC Cualiche Li,COy L::::! Na,Co, K,COy4 As,04 BaCO, ZnO
KGS-2A 613 12.9 - 4.3 0.4 1.7 15.7 08 ..
KGS-3B 42.0 e 0.3 e 38 12 0.1 17.6 3.7
KGSPE-2 358 9.3 30 L 19.9 A e e

but they were used mainly to check our lab-
oratory procedures and equipment for making
glass beads. Part of the melted glass com-
position was poured into a graphite mold to
form a sample of glass and part was poured into
water to form a crushable frit for later process-
ing into beads.

If a free-falling particle of glass is heated to
its “melting” temperature, the surface tension
of the viscous glass will shape the particle into a
perfect sphere. All test glass beads were formed
by dropping the glass particles into a verticle
furnace (Fig. 1) using the flame fusion method.

The test glass frits were ground in a porce-
lain ball mill using alumina balls and screened
to —32 465 mesh. It is important not to have

Collecting
Funnel

Glcss\\\,

Particles

Automatic
Feeder

Ficvre 1.—Sketch of apparatus used in making glass
beads.
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too much variation in particle size. If the particle
is too large it will fall through the flame, if it is
too small the velocity of the hot gases will pre-
vent the particle from reaching the hot flame.
For proper fusion, the particle must be in the
flame long enough to soften the glass to a point
where the surface tension forces can shape the
sphere and produce a smooth surface. Too low a
temperature will produce only partial spheroid-
ization and a “wrinkled” surface. Each glass
composition and particle size range has its best
spheroidizing temperature and gas velocity.

After grinding and screening, the glass par-
ticles were fed into the furnace about 10 inches
above the burner. The feeder tube is water-
cooled to prevent the glass particles from stick-
ing at the furnace entrance. The glass particles
fuse almost instantaneously in the flames and are
carried upward by the velocity of the hot gases,
out of the furnace tube, and fall into the col-
lecting funnel, and roll onto a sloping collecting
plate that collects the beads and also somewhat
classifies them as rounded or non-rounded. A
vibrating table can be used for further separa-
tion of imperfect beads.

Index of refraction and percent daylight re-
flection values are listed in Table 2. For ordinary
highway useage, beads must have an index of re-
fraction greater than 150 and a percentage of
daylight reflection greater than 45. Several com-
positions were made with unbeneficiated dune
sand. The higher iron content produced more
color in the glass and reduced the percent day-
light reflectance value.

TasrLe 2.—DPhysical properties of glass produced from
Kansas sands and calcium carbonate.

Index Pereent
Sample of daylight
no Color refraction®  reflectiont
KGS-2A clear 1.51 63
KGS-3B light blue tint 1.58 50
KGSPE-2  light green tint 1.57 45.7

* Mcasured by the comparative oil immersdion method,
t Test done by Materials Testing Laboratory, Kansas State High-
way Commission. MgO is rated as 100, duylight reflection,
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Crushing the frit into proper particle size is
a major problem, as the percentage yield of cor-
rect particle size is small. An interesting future
study would be the quenching temperature vari-
ables on the fracture characteristics of glass.

REFERENCES

11

There are some indications, from the manner in
which thick sheets of tempered glass break, that
a “heat treating” technique could be developed
that would permit the glass to fracture into
particles of uniform size, thus producing glass
beads of a uniform size.

Nixon, E. K., Runnels, R. T., and Kulstad, R. O., 1950, The Chevenne Sandstone of Barber. Comanche and Kiowa
counties, Kansas, as raw material for glass manufacture: Kansas Geol. Survey Bull, 86, pt. 3, 44 p.
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MAYNARD P. BAULEKE
CLARENCE S. EDMONDS

Thermal Expansion of Siliceous Kansas Clays

(Dakota Formation)

ABSTRACT

Thermal expansion data are presented for cight sili-
ceous clavs from the Dakota Formation in Kansas. In
clavs that contain high percentages of free quartz, the
negative thermal expansion bchavior of the g-quartz
exerts a controlling influence on the thermal expansion
of the fired clay.

Difficulties were found in glazing test bricks
made from siliceous clays from the Dakota
Formation in a one-fire glazing operation re-
quiring a temperature of 2300°F (cone 9). The
matured glaze would pop off curved edges and
even come loose from flat surfaces. Only a large
mismatch in the thermal expansion of the glaze
and the fired clay could cause such a condition.
It was decided to measure the thermal expan-
sion of eight selected clays from the Dakota
Formation (Table 1).

X-ray diffraction methods identified the major
clay mineral as kaolinite and the major impurity
as quartz (SiO,) in each clay sample.

Thermal expansion is defined as the AL/L
per degree temperature change. AL is the change
in length per degree of temperature change. L
is the original length. Units of thermal expan-
sion are in/in/°F or ¢m/cm/°C or percent

TasrLe 1.—Chemical analyses of

length change. Percent length change is pre-
ferred as it does not require a conversion fac-
tor in order to compare data measured by two
different temperature scales. All data in this
study are reported as percent change of length.

Eight clays from the Dakota Formation of
Central Kansas were extruded into one-half-
inch rods, dried, and fired to appropriate tem-
peratures. Numerous two-inch test specimens
were cut. Expansion data were taken using a
Gaertner Scientific Corporation quartz-tube dila-
tometer model D-1200. A specimen was placed
in a fused quartz tube surrounded by a heater
and heated at 5°C per minute. The expansion of
the specimen was transferred outside the hot
zone by a fused quartz rod and was measured
by a dial gauge to the nearest 0.0001 inch. No
correction was made for the slight expansion of
the quartz rod.

A thermal expansion measurement was con-
sidered satisfactory if the dial gauge returned
to the original zero point setting after the meas-
ured specimen had cooled to room temperature.
If the dial did not return to zero the specimen
was remounted and the test repeated.

clays from the Dakota Formation.

Code Si0, ALO, Fe,O, Tio, Ca0 MO K,0 Na,0 L.O.I
C-52 70.15 19.35 1.46 1.22 0.22 0.06 0.75 0.09 6.57
C-53 69.05 20.09 1.67 1.00 0.30 0.16 0.92 0.07 6.68
C-77-B 77.55 14.99 1.59 1.48 0.18 0.14 0.61 0.04 5.30
C-77-C 72.42 15.93 3.56 1.30 0.20 0.16 0.80 0.06 5.44
E1-60-6 73.26 17.86 0.65 1.25 0.14 0.15 0.06 0.05 6.48
0-5-6 62.98 23.15 3.05 1.35 0.30 0.16 0.92 0.11 7.94
0-40-3 76.43 14.37 1.38 1.57 0.26 0.22 0.58 0.14 4.83
EI-TC-2-10 76.71 13.82 143 1.27 0.30 0.29 0.93 0.09 4.84
theoretical
kaolinite 45.5 39.6 13.9

Analyses were done by the Geochemistry Section of the State Geolouical Survey of Kansas,

C—Cloud County; El—Ellsworth County; O—Ottawa County.

Munuscript received August 23, 1967,
Accepted for publication January 19, 1968.
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An average thermal expansion value for a
wide temperature range is convenient for struc-
tural design calculations but is of little use in
designing a thermal expansion match for glazes
or other coatings. The presence of any crystal-
lographic inversions are obscured in averaged
data unless care is used in selecting the averaging
range. It is usually desirable to report thermal
expansion data graphically for the entire curve
or as average values for several temperature in-
crements so that any non-linearity of the ex-
pansion behavior may be detected. Because the
shape of the thermal expansion curve is similar
for all the clays, only one sample is presented
in Figure 1. A thermal expansion curve for Ken-
tucky kaolinite is shown for comparison. In
Table 2 the data are divided into two sections,
one below 1157°F (625°C) and the other above.
The lower temperature range reflects the effects
of the quartz (a-B) inversion reaction. The
higher temperature range reflects the effects of
the negative thermal expansion of the 8-quartz
phase. Note the low values for the thermal ex-
pansion.

The thermal expansion curve clearly shows
why there was trouble with a high-temperature
glaze adhering to the fired siliceous clays from
the Dakota Formation. The problem was caused
by excessive free quartz. Quartz is an unusual
mineral in that it undergoes a change in crystal
structure at 575°C. A change in the size of the
quartz grain accompanies the change in crystal
structure, as shown in the thermal expansion
curve for quartz (Fig. 2). But what is more

0.60
0.50
0.40 -
0.30

0.20

PERCENT LINEAR EXPANSION

0.0 ' 1

Kuansas Geol. Survey Bull, 191, Pt. 1, 1968
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Fictre 2.—Thermal expansion of quartz (after Searle
and Grimshaw, 1959, p. 723).

significant is that the new B-quartz structure
has a negative thermal expansion; that is, it
shrinks as the temperature increases. X-ray dif-
fraction analysis of the clay after firing showed
that a large amount of free quartz was present.
The combined expansion of the kaolinitic clay
mineral and the shrinkage of the 8-quartz min-
eral above 625°C produce a net result that is
almost flat on the thermal expansion curve.

It is impossible to apply a glaze to such a
material on which the glaze becomes rigidly at-
tached to the clay at temperatures above 650°C.
The severe mismatch caused by the shrinking
of the glaze and the non-shrinking of the clay
can be severe enough to cause the glaze to come
loose from the fired clay.

® EL-60-6 (Cone 01)

O Kentucky reference Kaolin (Cone 8)

i

| ] 1 L J

100 200 300

400

500 600 700 800 900

TEMPERATURE -°C

Fitre 1.—Typical thermal expansion curve of a siliceous clav from the Dakota Formation compared with a sample
of kaolin from Kentucky.
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TasLe 2.—Percent linear thermal expansion of fired silicecous clays from the Dakota Formation in Kansas.

1118°C (2043°F) 1200°C (2300°F)

Clay Cone 01 Conc 9 o
code (625°C) (625 950°C) (0635°C) (625 950 ()

no. RT to 1157°F* 1157-1742°F RT to 1157°F¢ 11571742 °F
C-52 0.37 0.07 0.43 0.11
C-53 0.37 0.04 0.57 0.06
C-77-B 0.45 0.04 0.56 0.07
c-77-C 0.48 0.03 0.56 0.06
El-60-6 0.59 0.01 0.56 0.02
0-5-6 0.32 0.12 0.51 0.13
0-40-3 0.53 0.05 0.53 0.13
El-TC-2-10 0.44 0.03 0.63 0.06
Kentucky kaolin 0.46 0.20

* RT=room temperature.

Only a low-temperature glaze, one that is

still plastic or slightly fluid at temperatures above
625°C, should be used on such clays. The ex-
pansion curve below 625°C can easily be matched

to that of a glaze.

SUMMARY

The thermal expansion behavior of fired

siliceous clays from the Dakota Formation is

REFERENCES

in-

fluenced by the amount of free quartz present.
At temperatures above the inversion of a- to 8-
quartz the overall rate of increase in thermal ex-
pansion is small compared with the rate of ex-
pansion below the inversion temperature. Two
distinct thermal expansion regions exist. A glaze
designed for matching the expansion of one
region will be completely unsatisfactory for the
other region.

Scarle, A. B., and Grimshaw, R. W., 1959, The Chemistry and Physics of Clays: Interscience Publishers, Inc., New

York, 942 p.
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Testing of Kansas Clays or Shales for

Non-Ceramic Utilization

ABSTRACT

Kansas clays have been extensively tested for ceramic
use. A scries of tests to cvaluate non-ceramic uses has
been instigated and indications are that certain clays or
shales may have application as hller or for use as agri-
chemical carniers.

Over the years a fairly extensive program of
testing Kansas clays and shales for ceramic use
has been carried on! but only a few special ex-
periments® have been directed primarily to-
ward observing non-ceramic end-use properties
of these resources. Speculation on the possibility
of using Kansas clays for parting agents, fillers,
diluents, extenders, and as carriers for agri-
chemicals resulted in our conducting a series of
tests aimed toward measuring their properties
for these purposes.

The first operation in the testing program is
a clay-water slurry preparation, with separation
of the suspended material from the sediments
that drop out. Electrolytes may or may not be
used, depending upon the test series or a par-
ticular clay. This treatment is particularly ef-
fective on the high-kaolin clays from the Da-
kota Formation of Kansas, resulting in increased
alumina content and occasional lightening of
color. Most of the free quartz is removed by this
procedure. The flow chart for this process is
shown in Figure 1.

The second operation consists of four parts
performed on appropriate quantities of the
dricd suspension as removed during the previ-
ously described beneficiation. These four parts
consist of (1) the evaluation of the material as
a filler by color, rub-out, and bleach tests, (2)

1 Sec Bibliography, Ceramic Use Program.

2 Sce Bibliography, Non-Ceramic Use Program.

Manuscript received September 6, 1967,
Accepted for publication January 30, 1968,
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suspension capability in water for agri-chemical
carrying, and (3) closely associated with (2), the
compatibility of the material with agri-chemicals.
Figure 2 illustrates the steps in these tests.

The first series of tests were on (1) a Pleis-
tocene clay having a mixed-layer type of clay
mineral (A-3-2), (2) an Upper Cretaceous Kan-
sas shale (Blue Hill Shale) having a mixture of
clay minerals, ie., kaolinite, montmorillonite,
and illite in order from greatest to least amount,
and (3) a Dakota Formation clay (EL-60-6
and 13) consisting of mostly kaolinite with
traces of illite and free quartz.

These tests appear satisfactory for screening
clays or shales for a variety of non-ceramic
uses. It is planned to examine a number of ad-
ditional clays and shales by this same series of
tests. Bentonites and underclays found in Kan-
sas are being investigated.

Raw clay

Preliminary observation
(color, hardness, texture, impurities)

--—sRaw slaking test
if desired

Water dispersion

'

Suspension Sediment

Spray dried

Sampled—=-Mineralogical examination

Further tests Further tests

Ficvre 1.—Clay benchciation flow sheet.
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Beneficioted
Clay or Shale
L - =Mineralogical examination
Dye, test Colcined | Suspension in
R . Rawcloy clay
Oil absorption 1 ' Hard Nomal  Soft
Color Color Water Water Water
Density +
Lbs. /cu.ft. Rub-out  Rub-out
Ble;)ch Bleach
Brightness
Suapeinsion Sus:e'nsion
(Electrolyte) (No electrolyte)

Disoersion test Settling test

Fictre 2.—Tests for evaluating non-ceramic properties
of Kansas clays and shales.

The clays tested and described in this report
give little indication of any outstanding prop-
erties for such non-ceramic uses as fillers or car-
riers (Tables 1, 2, 3 and 4). The high kaolin
clays EL-60-6 and 13 rated the best under these
tests.

Tasre 1.—Raw clay beneficiation.,

Sample Mincrals
no. and Raw in Clay
locution color Hardness Texture  sediment recovery
A-3-2 Light Hard Platy Mostly  N.D.
Atchison  greenish- with quartz
County  vellow vellowish and
stain hema-
tite
Blue Hill Light Soft  Platy Mostly  N.D.
Shale Member gray with quartz
Osborne  orangish- some
County  vellow gypsum
coatings and
pyrite
El-60-6 Light Hard Smooth  Quartz 30%
Ellsworth gray and
County hema-
tite
E1-60-13 do do do do 28%,
Ellsworth
County

Kunsas Geol. Survey Bull. 191, Pt. 1, 1968

TasLe 2.—Results of tests to evaluate clays as paper,
rubber, or other filler material.

Results of Rub-out tect,

Results of
raw material

Sample  bleach _mk"“_'_”"_f,",,“"l("__
no. test S0°F 1000 F Color Glow
A-3-2 Very Reddish-  Dark Greenish- Good
little brown red vellow
color with
change  gray
speckles

Blue Hill No Brownish- Dark Greenish- Low

Shale change  buff brownish- yellow
Member buff
El-60-6 Changed No Crecamy  Gray Fair
to change white
light in
gray color
El-60-13 do  Yellowish- Very Dark Fair
gray hght gray
vory-
white

Tasrr 3.—Brightness test (reflectometer) on clay El-60-
13 from the Dakota Formation.

Percent reflectance

Clay
condition Bluc filter Amber filter
Unheated 36.0 45.5
Heated to:
750°F 65.0 75.0
1000°F 68.2 78.0
2134°F 72.0 83.0
2300°F 66.5 82.0

Taste 4.—Results of tests to evaluate agri-chemical
compatibilitv and carrving ability of clays.

Bulk .
denaity, Suspension

oil I Ao, fo_ et

Dve iunrp[inn* (%0 to Aver-

Sample test Free 100 Hard  age Soft

no. results® falline - Total  mesh)  water water water
A-3-2 2.2% 15.0% 40.0% 83 1.6%; 8.8% 20.8°7
Blue Hill

Shale

Member 1.3 120 370 84 05 88 144
Fl.eo-6 1.5 160 400 82 04 0.7 0.9
El-60-13 2.2 140 340 75 05 038 1.0

Google

* Test to meansure reactivity of clay with insecticides, maximum
pereent allowanle = 0.0,
tOul alerprion figure represents pereent kerosene absorbed.

2 Percent solids 1o suspension at the end of 30 minutes.
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Mississippian Conodonts from the Tri-State
District, Kansas, Missouri, and Oklahoma

ABSTRACT

Conodonts were recovered as acetic acid residues from
carbonate rock samples from the Tri-State lead-zinc
district ore bodies of Kansas, Missouri, and Oklahoma.
The specimens are unaltered. The fauna belongs to the
Gnathodus texanus-Taphrognathus Zone (late Osagian).

Minor amounts of galena and sphalerite were
reported in sedimentary rock cores of Missis-
sippian age in central and western Kansas by
Lee (1933). Subsequent work by Thompson and
Goebel (1963) and Goebel (1966) revealed that
conodonts in association with galena and sphal-
erite were present as acid residues in some of
Lee’s cores, in many other carbonate rock cores,
and in outcropping Mississippian rocks in south-
eastern Kansas. Conodonts, composed of cal-
cium phosphate, are marine microfossils of un-
known zoological afhnities. Because of their
rapid evolutionary changes in morphology and
their worldwide distribution in diverse lithol-
ogies, conodonts are in popular use as tools of
correlation by biostratigraphers. It was logical
from the occurrences in Kansas to suspect that
conodonts would be preserved in or near the ore
bodies in the Tri-State District, and if so they
could be used for correlation of these beds. A
pilot study seemed in order, and a cooperative
project with the Missouri Geological Survey”
was undertaken.

Goebel (1966) reported on the petrographic
features of carbonate rocks from western Kan-
sas cores similar to those reported by Hagni and
Saadallah (1965) in a study of six pull drifts in
five mined areas in the Tri-State District. Some
of the mines studied by Hagni and Saadallah

1 Missouri Geological Survey, Rolla, Miswouri.
2 By permission of W. C. Hayes, State Geologist.

Manuscript reccived September 6, 1967,
Aucepted for publication January 17, 1968,
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were closed by June 1967 when this project com-
menced but effort was made to sample those sites
still open. D. C. Brockie, E. H. Hare, and P. R.
Dingess, of the Eagle-Picher Company, Cardin,
Oklahoma, arranged entrance into Eagle-Picher
mines and other open mines in the district. Also,
Mr. Hare and Mr. Dingess suggested sample
sites and accompanied the authors during the
sampling.

PROCEDURE

At the sample sites shown on Figure 1, grab
samples of about 3,000 g were obtained from
mine walls and pillars except in pull drifts at
sample locations SA-P, 8A-F, and 34A-1. Sam-
ples were taken at approximately 20 foot lateral
intervals along the walls of the pull drifts. It was
hoped that these would approximate the sample
sites of Hagni and Saadallah in the Westside
mine in Kansas and the Little Greenback mine
in Oklahoma.

No underground lead-zinc mines were in
operation in June 1967 in southwestern Mis-
sourt. The Oronogo Circle lead and zinc de-
posit north of Webb City, Missouri, a part of the
Tri-State District, was selected as a suitable sur-
face scction from which to sample because of
accessibility and history of important production
of galena and sphalerite. Winslow (in Keyes,
1894) described the geological occurrence of
these minerals at Oronogo Circle. Missouri Geo-
logical Survey Notebook 1294-27 gives the fol-
lowing measured section (mcasured by Thomp-
son, 1967) which was sampled. Bed numbers
refer to sample numbers in Table 1.

Oronogo Circle; NE SE see. 36, T 29 N, R 33 W, weat
sde Jasper County Fhighwavy MM, Jasper County, Mis-

sourt: Webb Citv 7127 Quadrangle (Missourt Geological
Survey docality 1294-27),
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Fravre 1.—Index map of Picher Lead-Zine Ficld showing mines and sample locations (no sample 25 or 31).
Mississippian System Bed Thickness
Meramecian Scries Feet Inches
Warsaw Formation® 5. Limoestone, brown, medium  grained,
Bed Thickness single bed: contains 3055 waxy gray
Feet Inches chert as scattered nodules . 6+
6I. Siltstone, brownish-gray, unconsoli- 4. Limestone, brown, caarse  gr .nnc(l
dated: probably tailings from mining contains galena and  sphalerite, with
operations ... .. 2% asphaltic material:  within - disturbed

zone; 5 feet above water Jevel . 3%
3. Shale. black, platy to fissile; located
latcrally between units 1 and 2, not
nccessarily below unit 4 ?
Limestone, hight grav, micritic, with
disseminated galena, appears to be at
same clevation as umit 1, separated
from it by unit 3, base at water level .. 6%
1. Limestone breccia, with galena and

chert: limestone, gray, dense, base at

water level

=~

ORI -
Samples from the mines and from Oronogo
Circle were dissolved in 20-25 percent acetic acid
(v/v) by the method described by Collinson
(1963). A heavy mincral separation method on

turbed - . I+ . . .

Same as umit 6G 3% acid residues using  tetrabromocthane  concen-
6A. Same as umit 6C, hughly breceiated .. 3% trated conodonts  and  metallic  sulfides  from
3 Nmncn\luurc used is that of the Missouri Geological Survey. \Vthh C()n“d”nt specimens nnd tmgmcms Of

Google



Zeller, Editor—Short Papers on Research in 1967

23

TasLe 1.—List of conodonts recovered as acid residues. Number indicates sample number; number in parentheses
indicates number of specimens,

Formation

Locality

Formation

Locality

Warsaw

“Reeds Spring™

“M-Bed™

“J-Bed™

“M-Bed”

1294-27: Oronogo Circle

1. No specimens

2. Fragments

3. No specimens

4. Fragments

5.  Gnathodus texanus (18)

Neopriontodus (1)
Fragments

6A. G. texanus (1)
Ligonodina (2)
Neoprioniodus (2)
Fragments

6B. G. texanus (1)
Fragments

6C-D. No specimens

6E. Fragments

6F. Neoprioniodus (1)
Fragments

6G. G. texanus (8)
Fragments

Blue Mound mine

1.  Gnathodus texanus (3)
Hindcodclla (1)
Ligonodina (1)

2.  G. texanus (22)

3. G. texanus (15)

4.  G.texanus (3)

4A. G. texanus (1)
Lonchondina (1)
Fragments

West Side mine
5A-B. No specimens
5C. Gnathodus texanus (1)

Fragments
5D. G. texanus (3)

Fragments
S5E. G. texanus (2)

Fragments

5F. No specimens
5G. G. texanus (1)
Fragment
SH-I. No specimens
5]. G.texanus (3)
Fragments
5K. G. rexanus (7)
Fragments
S5L. leriodus (1) (contaminant)
SM. G. texanus (1)
Icriodus (1) (contaminant)
Fragments
5N. Fragment
50. No specimens
SP. Fragment
8A. No specimens
8B. Fragment
8C. Fragments
8D-F. No specimens
9.  No specimens

Webber mine

6A-1). No speeimens

6E. Gnathodus texanus (1)
7. Fragment

Google

“M-Bed”

“Short Creek™

“M-Bed™

“J-Bed™

“M-Bed™”

“Sheet Ground™

“M-Bed”

“M-Bed™

“J-Bed™

“I-Bed”

Jarrett mine
10A. Fragment
160B. Fragments
ITA. No spccimens
11B. Gnathodus texanus (2)
Fragments
11C. No specimens

Griffin mine

12A. Fragment

12B. Fragments

12C. Gnathodus texanus (11)
Ligonodina (3)
Lonchodina (45)
Neoprioniodus (1)
Fragments

13A. G. rexanus (22)
Hibbardella (6)
Ligonodina (3)
Lonchodina (31)
Meralonchodina (2)
Neoprioniodus (3)
Fragments

13B. G. texanus (36)
Taphrognathus varians
Hibbardella (1)
Ligonodina (7)
Lonchodina (46)
Metalonchodina (4)
Fragments

13C. No specimens

John Beaver mine

14A. Ieriodus (1) (contaminant)
Lonchodina (1)

14B-C.: 15. No specimens

16A. Gnathodus texanus (40)
Hindeodella (5)
Lonchodina (1)
Fragments

17A. No specimens

18A. G. texanus (1)

Spathognathodus pulcher (1)

Ligonodina (2)
lLonchodina (1)
Fragments

Big John-K mine

19, Gnathodus texanus (2)
Lonchodina (6)
Fragments

23-24. No specimens

Grace B mine
20, No spreimens
2 Gnathodus texanus (19)
Taphrognathus varians (2)
Hibhardella (2)
Ligonoding (3)
Lonchodina (34)
Mectalonchoding (1)
Ne ()Am'iurll'(u.lll_»‘ ( 1 )
Frazments
G. tevanus (35)

[
(2%
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Tasrke L.—List of conodonis recovered as acid residues.

Kansas Geol. Survey Bull. 191, Pt. 1, 1965

Number indicates sample number: number in parentheses

indicates number of specimens (concluded ).

Formation Locality Formation Locality
“G, H-Bed " T. varians (3) Little Greenback mine
Ligonodina (6) (Tongaha Mining Co. & Tom Kiser)
Lonchodina (31) 31, Sample skipped
Metalonchodina (3) “M-Bed” 32A-B. No specimens
Neoprioniodus (3) 33.  Fragments
Fragments 34A. Tuphrognathus varians (1)
25, Sample skipped 34B-E. No specimens
“J-Bed” 26.  Fragments 34F. Gnathodus texanus (1)

27-29. No specimens

30. G texunus (1)
Ieriodus (1) (contaminant)
Fragments

34G. No specimens
34H. T. varians (1)
341-35. No specimens

conodont-like material were hand-picked. The
specimens  recovered were unaltered 1n  ap-
pearance and displayed no physical evidence of
reworking.

Conodont specimens recovered were studied
and compared with reference collections of the
Kansas Geological Survey and the Missouri Geo-
logical Survey. Identifications to generic and in
some cases to specific level are given in Table
1. Letter designations (Table 1) of beds follow
lithologic identifications established by Fowler
and Lyden (1932) and Fowler, er al. (1935).
E. H. Hare and P. R. Dingess kindly marked
letter-beds and formations on lease maps. Parts
of Figure 1 and Table 1 were compiled from
this information.

The conodont fauna recovered correlates with
the Gnathodus texanus s.s.-Taphrognathus Zone
which Collinson, et al. (1962) established in the
type section of Mississippian rocks in the upper
Mississippi River valley. Their zone coincides
with the Keokuk Formation. They correlated the
zone approximately with the lower part of the
culla Zone of western Europe. The upper limit
of the zone (Collinson, et al., 1962) is reported
as marked by the lowest occurrence of Aparog-
nathus? and by the lowest abundant occurrence
of Taphrognathus varians Branson and Mehl.
The lower zonal boundary is characterized by
the lowermost limit of abundant occurrence of
Gnathodus texanus ss. The zone is character-
ized by relatively few species but a great abun-
dance of Gnathodus texanus ss. Roundy and
rare to common occurrence of Taphrognathus
varians as well as Taphrognathus n. sp.

Rexroad and Collinson (1965) in a study of
faunas from the Keokuk, Warsaw, and Salem
formations in Illinois verified that the zone is
dominated numerically by only two specics,
Gnathodus texanus and Taphrognathus varians.
In several sections of Keokuk Formation studied
they reported a fauna dominated by Gnathodus

Google

texanus, with no Taphrognathus varians. The
fauna of the Gnathodus texanus-Taphrognathus
Zone is much like that of the fauna of the Taph-
rognathus wvarians-Apatognathus? Zone which
coincides (Collinson, et al., 1962) with the War-
saw and Salem formations. The latter zone is
characterized by greater abundances of Taph-
rognathus varians and Neoprioniodus tulensis
Pander. Differences in the abundance of speci-
mens seemingly indicate useful biostratigraphic
subdivisions.

A total of 538 identifiable specimens was re-
covered as residue material from the 35 loca-
tions sampled. Of this number 261 are Gnath-
odus texanus, 197 are Lonchodina, 12 Neoprion-
iodus, 1 Spathognathodus pulcher (Branson and
Mchl), 11 Taphrognathus varians, and 56 others
judged of less biostratigraphic value. By numeric
abundance of Gnathodus texanus over other
species, the Gnathodus texanus-Taphrognathus
Zone is judged present. Occurrence of four
specimens of Icriodus (a pre-Mississippian cono-
dont) is thought to be contamination due to the
laboratory procedure as a Devonian conodont
residue project was near completion in the lab-
oratory when this project commenced. Appar-
ently, these specimens of Icriodus are from in-
sufthiciently cleaned screens or straining apparatus
but the possibility remains that the specimens
were reworked as part of a mixed fauna.

A similarity of faunas by mine locations is
shown in Table 1. The Blue Mound and West
Side samples from the northeastern part of the
Picher Field in Kansas contained large speci-
mens (>1.75 mm) of Gnathodus texanus in a
fauna which excluded Taphrognathus varians.
Scemingly, this would be an early part of the
zone. Samples from the Grace B and Griffin
mines in the northwestern part of the field in
Kansas contained a fauna also dominated by
large specimens of Gnathodus texanus but which
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contained a few specimens of Taphrognathus
varians. Probably this fauna indicates a later
part of the zone. The John Beaver, Little Green-
back, and other mines sampled contained a
fauna judged insufficient for proper evaluation.

Specimens of Gnathodus texanus from Or-
onogo Circle were relatively small in size (<1.0
mm) compared with those found in all the un-
derground locations. The Geologic Map of Mis-
sourt (McCracken, 1961) shows the location of
the Oronogo Circle to be in an area of ex-
posures of the Warsaw, Salem, and St. Louis
formations. Identification of the meager fauna
is inconclusive. Tentatively, a late portion of the
range of Gnathodus texanus is indicated.

Thompson (1965) reported the Gnathodus
texanus-Taphrognathus Zone present in two out-
crops (SE NW sec. 1, T 35 S, R 25 E, and NE
NE SW sec. 33, T 34 S, R 25 E) in southeastern
Cherokee County, Kansas. The localities are
geographically between the Picher Field and
Oronogo Circle,

Only one zone of conodonts is presently
recognized in the Tri-State District ore bodies.
The Reeds Spring Formation (Table 1), be-
cause of its pre-Keokuk stratigraphic assignment
by Moore (Moore, et al., 1951), should have con-
tainecd an older fauna than the Gnathodus tex-

REFERENCES

25

anus-Taphrognathus Zone. No early Mississip-
pian conudonts were found in the Tri-State ore
bodies sampled. However, early Mississippian
conodont faunas from outcrops in southwestern
Missouri have been reported (Thompson 1967).

Conodonts occur in and adjacent to the ore
bodies of the Tri-State District in sufficient num-
bers and variety of specimens to establish the
presence of the Gnathodus texanus-Taphrogna-
thus Zone. This is the first report of these micro-
fossils in the underground mined area. Cono-
donts are preserved, apparently unaltered by
mineralizing solutions, in mineralized bodies of
rock. Faunas of conodonts may be useful as
guides to age correlation of mineralized beds.
Although this study is preliminary, sufficient in-
formation was gained to suggest that a similar
study in other mineralized and semi-mineralized
sedimentary rocks would be fruitful. Examina-
tion of exploratory cores for conodonts in areas
in the Midcontinent in Mississippian rocks where
traces of metallic sulfide are known is recom-
mended. Such regional investigation of occur-
rence of traces of galena and sphalerite in cores
containing faunas of conodonts of similar age as
those in rocks of the Tri-State District possibly
could point to favorable areas for futurc explora
tion.

Collinson, Charles, 1963, Collection and preparation of ccnodonts through mass production techniques: Illinois State

Geol. Survey, Circ. 343, 16 p.

Scott, A. J., and Rexroad, C. B., 1962, Six charts showing biostratigraphic zones, and correlations based on
) ’ s s s g uray
conodonts from the Devonian and Mississippian rocks of the upper Mississippi Valley: 1llinois State Geol.

Survey, Circ. 328, 32 p.

Fowler, G. M., and Lyden, J. P., 1932, Thc ore deposits of the Tri-State District (Missouri-Kansas-Oklahoma): Am.
Inst. Min. & Met. Eng., Tech. Pub. No. 446-1. 39, 46 p.

, Lyden, J. P., Gregory, F. E.,, and Agar, W. M., 1935, Chertification in the Tri-State (Oklahoma-Kansas-
Missourt) mining district:  Am. Inst. Min. & Met. Eng., Trans,, v. 115, p. 106-163.

Gocbel, E. D., 1966, Stratigraphy of Mississippian rocks in western Kansas: Unpub. Ph.D. dissertation, Dept. Geol.,
Univ. of Kansas, 187 p.

Hagni, R. D. , and Saadallah, A. A., 1965, Alteration of host rock limestone adjacent to zine-lead ore deposits in the
Tri-State District, Missouri, Kansas, Oklahoma: Econ. Geol,, v. 60, no. 8, p. 1607-1019.

Lee, Wallace, 1940, Subsurface Mississippian rocks of Kansas: Kans. Geol. Survey, Bull. 33, 114 p.
McCracken, M. H., 1961, (Compiler), Geologic map of Missouri: Missouri Geol. Survey.

Moore, R. C., Frye, J. C., Jewett, J. M., Lee, Wallace, and O’Connor, H. G., 1951, The Kansas rock column: Kansas
Geol. Survey, Bull. 89, 132 p.

Rexroad, C. B., and Collinson, Charles, 1965, Conodonts from the Keokuk, Warsaw, and Salem Formations (Missis-
sippian) of Illinois: Illinois State Geol. Survey, Cire. 388, 26 p.

Thompson, T. L., 1965, Conodonts from the Meramecian Stage (Upper Mississippian) of Kansas: Unpub., Ph.D. dis-
sertation, Dept. Geol., State Univ. Towa, 172 p.

, 1967, Conodont zonation of Lower Owgean rocks (Lower Mississippian) of southwestern Missouriz Mis-
souri Geol. Survey, Report Invest. 39, &% p.

,and Gocbel, E. D., 1963, Prcliminary report on conadonts of the Meramecian Stage (Upper Mississippian)
from the subsurface of western Kansas: Kansas Geol, Survey, Bull, 163, pt. 1, 16 p.

Winslow, Arthur, 1894, in Keyves, C. R.. Lead and zinc deposits: Missouri Geol, Survey, v. 7, p. 573-576.

Google



Original frem
UNIVERSITY OF CALIFORNIA

Digitized by GOOS[@

916006-sn-pdgasn ssadoe/buorisnaityiey mmm//:diyy / pazritbrp-216009 ‘S331e1S PaITUN SY} UT uTewoq 2T1dnd
9G8YEGEOROLR  TON//£ZOZ/1duU"d1puey 1py//:sdily / 1W9 2O:T1Z ¥0-OT-E€ZOZ U0 sesuey Jo AITSISATUN 1B paledaudn



Zeller, Editor—Short Papers on Research in 1967

CLAYTON M. CROSIER!
RONALD G. HARDY*

27

Cellular Concrete of Kansas Pozzolanic Materials

ABSTRACT

Nearly 200 batches of cellular concrete, foamed, were
made of Kansas pozzolans with portland cement and
were autoclaved. Volcanic ashes produced concretes hav-
ing unusually high strength-density ratios. The desirable
conditions of making such concretes were broadly deter-
mined. The compressive-strength-versus-dry-density rela-
uonships of the concretes that satisfied these conditions
were about 1500 psi at 40 pcf to 3000 psi at 55 pef. The
moduli of elasticity agreed closely with those given by
the 1963 ACI Code formula.

For a number of years the State Geological
Survey of Kansas has sponsored research in the
Concrete Laboratory at the University of Kan-
sas on the use of Kansas pozzolans, especially
volcanic ashes, in cellular concrete.2

Nineteen different Kansas pozzolanic ma-
terials have been tried, ten have shown prac-
tical potential. These ten materials, their chem-
ical analyses and their geographic sources are
shown in Table 1. Nearly two hundred (195)
batches of cellular concrete have been made.
These have involved many variations: in ma-
terials, in proportions of the materials, in mix-
ing, in curing, and in drying preparatory to
testing. All were the foamed type of cellular
concrete, some by the use of preformed foam,
most by the mix-foaming method, all using the
same commercial foaming agent. Nearly all speci-
mens were autoclaved, usually at about 360° F.
The resulting concretes have been tested or meas-
ured with respect to density, compressive
strength and modulus of elasticity, the speci-
mens being 3 x 6-in. cylinders, and volumetric
stability by standard bars. In some cases flexural
strength has been determined, and a few thermal
conductivity tests have been made.

Analyses of the data show conclusively that
the use of Kansas volcanic ash as the pozzolan

1 Associate Professor of Civil Fngincering, University of Kan-
sas; has conducted this research project since 1934,

2 Chief, Mineral Resources Section, Kansas State Geological
Survey; initiated this research in 1953,

Manuscript teceived September 14, 1967
Accepted for publication January 30, 1968.
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yiclds cellular  concrete of unusually high
strength: 2000 psi at 45 pcf dry density, and 3000
psi at 55 pef. The modulus of elasticity of this
concrete is very nearly that given by the formula
in the 1963 American Concrete Institute (ACI)
Standard Building Code (1963), which in the
notation of the present report is:

E = 33 D15 {705
in which
E is the modulus of elasticity, psi,
D is the dry density, pcf, and
f’ is the compressive strength, psi.

The flexural strength of this high-compressive-
strength concrete has not been determined. Its
fire-protection  value is questionable—exposure
to moderately rapid changes in temperature
above 150°F, or perhaps to temperatures over
150 to 200°F without changes, usually produced
crazecracking, but quantitative determination
of the extent and nature of this weakness will
require further research.

The compressive-strength-versus-density re-
lationships of 65 different batches of concrete
made in this investigation are presented in Fig-
ure 1. The most significant data on these 65
batches is given in Table 2. In all but three of
these concretes the pozzolan used was Kansas
volcanic ash. The strength-density relationship
is very ncarly linear in the density range of Fig-
ure 1 and is represented conservatively by the
equation:

' =115 D — 3100.

At the often-referred-to density of 40 pcf the
mean strength is nearly 1500 psi; at 45 pef it is
over 2100 psi. and at 55 pef it exceeds 3000 psi.

That these high strengths are attributable
primartly, perhaps solely, to the pozzolanic ma-
terials used is indicated by the dashed line and
the three non-volcanic-ash points in Figure 1.
The dashed line represents the linear mean of
the highest strength-versus-density values of Na-
tienal Burcau of Standards (NBS) experimental
concretes, as reported by Valore (1934, p. 821)
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4.0 [T POZZOLANS
Kansas volcanic ash
@ Regular mixes
@ Coarse ash, >25 u °©
3.5 k- @ <10 hrs heating above 100°F
A Ash calcined, 1400°F ©
QO Preformed foam mixes
© A portion of the cement replaced by lime
X Expanded shale ®
3.0 * Fly ash, commercial 1
Q¥ ¢
D
3
B °
5 2.5
C
£ °
Qo
2
3
o ~
o 2.0
1) /
. ~
- . ﬁ ~
V)
/
A ~
1.5 P ")
//
NBS best, fly ash and expanded
shale, from Valore's Figures 12
and 14 (1954).
1.0
*
0.5 1 | I ! |
35 40 45 50 55 60
D - Density, dry, pcf
Ficure 1.—Strength versus density of foamed ccllular concrete made of type HI portland cement and Kanvis pozzolans,
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in his figures 12 and 14. These NBS concretes

were made with either fly ash or expanded shale

dust as the pozzolan. The fly ash and expanded
shale concretes made in this rescarch at the Uni-
versity of Kansas are in good agreement with

NBS concretes. This is indicated by the three

non-volcanic-ash  points in  Figure 1. (The

strength of the expanded shale concrete was ab-
normally high because of the extreme fineness
of the shale in that batch.) In all significant re-
spects except for the pozzolan, these three con-
cretes were made and tested like the other 62 in

Figure 1.

Figure 2 shows clearly that the modulus of
clasticity of this Kansas ccllular concrete is in
remarkably close agreement with the previously
cited formula given in the ACI Building Code
(ACI, 1963). This formula was based principally
on rescarch on concretes having densities in the
range of 90 to 155 pef (Pauw, 1963). That the
modulus of these concretes having densities un-
der 60 pcf, most less than 45, agree closely with
the ACI formula is for this reason doubly sig-
nificant.

Numerous factors besides the constituent ma-
terials and the density affect the strength and
other properties of cellular concrete. Many of
these have been studied in this investigation.
Analysis of the data obtained, although as yet
incomplete, shows that when Kansas volcanic
ash is the pozzolan several factors produce ef-
fects that are diffcrent from those produced by
the same factors on fly ash or expanded shale
concrete. The sclection of the 635 batches of con-
crete included in this study of strength versus
density was made by applving the following
limitations to the ffteen stated factors.

1. Cement materials used were:

a. type 111 portland cement plus;

b. calcium chloride of weight between 1.5
and 3 percent of the weight of portland
cement; and

c. cither no lime or a weight of lime not
greater than that of the cement.

The pozzolans were ground to fineness

measured by a median diameter less than

17 1 or by the sum of the percentages

passing no. 200 and no. 325 screens being

not less than 195 percent.

3. The ratio by weight of portland-cement-
plus-lime to pozzolan was 2 to 3, 0.67.

4. All test specimens were cylinders:

a. that were nominally 3 x 6-in. in size;

N

and
b. that had heirht-diameter ratios between
1.9 and 2.0.

Google
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5. Specimens were cured by:

a. moist storage one day in the molds and
zero to nine days in the fog room fol-
lowed immediately by

b. autoclaving:

(1) the full-heat
360 = 5°F

(2) this temperature being maintained
for about 8 hours, limits being 7.25
to 8.75 at full heat, or

(3) the heating period—the sum of the
hours from 100°F to the end of
the full-heat period—being not less
than 11.5 hours

(4) the cooling period being about 12
hours, the consequent entire cycle
about 24 hours.

6. Specimens were dried to constant weight:
a. at 130 to 140°F;

b. with only gradual changes in tempera-
ture.

7. The moisture content of specimens at the
time of compressive loading was not more
than 4 percent.

Exceptions were made to each of four limira-
tions for the following groups of batches (Table
2), cach of which satisfied all but the one
limitation indicated by number:

2. RVI, RV2, RVCl1—The ROV-1 ash in
these batches was at least 50 percent
coarser than the ashes in the other con-
cretes having the same densities-~the
strengths averaged 25 percent lower.

5.2. Batches RP2, GVI and RwV1 were
stored in the fog room about 150 days, then
autoclaved. A specific study indicated
that, for Kansas volcanic ash concretes, 90
to 180 davs of such storage usually affects
the autoclaved strength less than 2 percent.

5.b. (2&3). Cylinders of GV5, GV6 and
GV7 were autoclaved by heating over
100°F for only 9% hours, at full heat
(only 355°F) for only 5% hours. As Fig-
ure 1 shows, strengths were lowered about
15 pereent at 39 pef to 35 percent at 47 pef.

5.b. (2&3). All MG batches were autoclaved
at full heat for only about 5% hours, but
the heating period was at least 11 hours in
all but one case. The strengths agree well
with the lincar mecan curve of Figure 1.
For the ML batches the times at full heat
were somewhat less, the strengths were
markedly less. Obviously, more data is
needed on these higher density cellular
concretes.

temperature  being
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