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Wilcox Sand-Kaolins of Northeastern Central Texas 
By F. K. PENCE 

HISTORICAL INTRODUCTION 

Outcrops of sand-day deposits of economic potential have long been 
noted in Northeastern Central Texas. Heinrich Ries in 1908 was the first 
to report such deposits. 1 He called attention to their limited use as refrac
tories in furnace installations and used the term "fireclay" as descriptive 
of their classification. In 1918, a report by E. T. Dumble2 quotes from 
The University of Texas Bulletin 102 and gives essentially the same ap
praisal of Texas clays as that previously given by Heinrich Ries. The sand
clay of the Wilcox was classified as a refractory although the following 
quotation from Dumble is very significant. "At one time parties interested 
in the Headville clay made an effort to secure its utilization. Some of the 
clay was mined and washed and sent to France where it was made into 
tableware which was apparently of very good quality. At that time, how
ever, the cost of preparation and transportation to potteries proved to be 
too great to warrant an attempt to open it up commercially. These clays 
are well worth a very thorough investigation. Their refractory character 
is fully established and there is a strong possibility that they can be pre
pared for use in the manufacture of the better class of white earthenware." 

A Mineral Resource Survey Report on Limestone County in 1936 by 
I. J. Broman3 gives an interesting historical account of early ceramic proj
ects based on the sand-clay deposits of Limestone County. In his own per
sonal observations, he states that the term "kaolin" can be applied to all 
the finer clays found in Limestone County although his limited investiga
tions did not disclose the true nature and extent of these kaolin-bearing 
deposits. In 1939 Bruce Whitcomb4 in a mineral resource survey on Free
stone County makes the following statement: "Special clays are the main 
mineral wealth of Freestone County. The few deposits studied during this 
survey indicate that a flourishing ceramic industry might be developed. 
The Simsboro is particularly rich in kaolin that acts as a cement to bind 
together the grains of the sand. Also lenses of kaolin and ball clay occur 
in this subdivision." He concludes: "It is believed that the clays of Frer
stone County form its chief mineral resource capable of development in 
the near future." 

It should also be pointed out that the U.S.G.S. reported sand-clay de
posits as well as various clay sediments of the ·Wilcox group occurring in 
the San Antonio area. 5 As early as 1938, the writer took samples and made 
personal investigation of physical properties of many of the clays reported 
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by the U.S.G.S., particularly deposits at St. Hedwig, with results parallel
ing those herein reported, especially from samples taken near Teague. 
Shortly after the writer became Director of Ceramic Research in the Bu
reau of Industrial Chemistry, University of Texas in 1940, a Mr. H. C. 
Klein of Franklin, Texas, sent in various samples of clay minerals, among 
them a sample of sand-clay mixture which was taken from an outcrop in 
a ravine 7 miles East Southeast of Bremond. Because of the whiteness of 
the material both in raw and fired state, the sample immediately became 
the object of special interest and a trip to the outcrop was arranged. The 
party was made up of Mr. Klein, Mr. E. J. Hardgrave, Jr., who was lab
oratory assistant, and the writer. Several bags of samples were carried out 
for laboratory examination. The sand and clay were separated by wash
ing process and the yield of clay was approximately 30%. The clay por
tion was found to possess very satisfactory working properties being quite 
plastic and firing to a light cream color at Cone 9 ( 1250° C.). At the time 
of this investigation Mr. Hardgrave was writing a Master's thesis involv
ing the application of differential thermal analysis to clay minerals. Ther
mal analysis determinations were made upon representative commercial 
kaolins and the clay portion of the Bremond sample. The thermal analysis 
curves obtained proved beyond question that the sand-clay sample from 
the Bremond area was in reality a sample of sand-kaolin. While the fired 
color obtained from the samples taken at that time was not as white as 
that of standard commercial kaolins, it was considered remarkably promis
ing as representing results from a preliminary sampling. 

At about the same time that the samples were taken near Bremond, 
examination was made of sandy clay strata about seven miles north of 
Teague. A rather large pit had been excavated at this location as a result 
of shipments of material to a pottery in Dallas over a period of years. While 
the silica content of the strata was approximately 50%, the strength and 
plasticity of the clay content enabled it to be used in the manufacture of 
large stoneware jars and other pottery items. Thermal analysis curves 
were also obtained on samples from this area by Mr. Hardgrave and shown 
to be of similar mineral content to those obtained near Bremond. 

Meanwhile, following contacts with the writer, the Bureau of Mines 
had also made a limited survey of an area in Falls and Robertson Coun
ties, in which the industrial uses of the sand received principal emphasis. 6 

Also, from time to time various individuals have submitted to the Re
search Laboratory in Ceramics samples of the sand kaolin outcrop from 
various counties of the area. A number of these reported in University 
of Texas Publication No. 5105, gave further indication that the occur
rence of these strata is indeed extensive. 7 

The nature of the strata as shown in the clay pits adjacent to brick and 
tile factories east of Elgin was first studied. Also explorative studies were 



7 WILCOX SAND-KAOLINS OF NORTHEASTERN CENTRAL TEXAS 

made in various localities along the Wilcox outcrop. An appraisal of the 
Wilcox group is reflected in the publication by H. 0. DeBeck8 who per
sonally conducted the field explorations. Meanwhile, a cooperative study 
was made of the Wilcox outcrop in the Troup area.9 

In the summer of 1948 the field operations of the Research Laboratory 
in Ceramics was directed to the task of determining in a general way the 
extent of the sand kaolin area and the choice of a representative location 
where a more complete set of field data should be obtained. This study 
led to a preliminary release of information10 pending the more complete 
data to follow the program of sampling and core drilling and correspond
ing analyses and physical determinations as herein reported. In March of 
1953 a further report on the Troup area by H. B. Stenzel11 was released 
which "summarizes the geology of an interesting area containing some 
stratigraphic problems and several geologic materials of practical impor
tance besides the ball clay." 



GENERAL INTRODUCTION 

Pursuant to the preliminary investigation of outcrops and examination 
of samples of the Wilcox sand-kaolins, it was concluded that deposits of 
substantial 'commercial value extend over a vast area in N ortheastem Cen
tral Texas. This area includes parts of the following counties: Robertson, 
Falls, Limestone, Freestone, Navarro and Henderson. Some of the de
posits sampled are of such magnitude as to provide a substantial new 
source of the minerals contained therein. The uniformity of quality from 
deposit to deposit is consistent to a surprising degree. The principal com
ponents are silica sand and ka~lin, in the ratio of approximately 3 to 1. A 
nominal amount of muscovite mica also is present. · 

Field surveys were conducted by Mr. H. 0. DeBeck, assisted by senior 
students in Ceramic Engineering. Since students were only available for 
full-time work during the summer months, most of the field data, espe
cially those involving core drilling, were obtained during the summer 
months of June, July and August of each of the years 1948, 1949 and 
1950. Additional samples have been obtained from time to time for the 
purpose of laboratory study. The major study in this category has been 
concerned with the details of industrial beneficiation through the use of 
the processing pilot plant in the Ceramic Research Laboratory. For this 
purpose a number of tons of sand-kaolin were secured principally from the 
Harmony deposit near Kosse where recent mining operations by the Trin
ity Portland Cement Company have made possible the obtaining of large, 
fully representative samples of the deposit. While data on the small hand
washed samples reported in this bulletin are useful in a comparative sense, 
the report on results obtained by semi-commercial processing through the 
Research Lab. pilot plant affords more dependable data. 

The details involved in the operation of pilot plant have been given ex
haustive study over the years since 1950 with a view to obtaining a kaolin 
of optimum purity. In recent studies the desirability of further control of 
physical properties of the end product of the pilot plant by fractionation 
processes has been investigated. By such a procedure it is proposed to pro
duce a kaolin of optimum particle size range to meet the specifications of 
the major industrial users. In fact, for the general ceramic industry it is 
demonstrated that a kaolin of pronounced plasticity combined with mod
erate shrinkage, satisfactory whiteness and other desirable ceramic prop
erties is here economically available. 



FIELD SURVEY 

Introductory to the data reported by H. 0. DeBeck on the various de
posits which were explored and sampled in the area covered by this publi
cation, his statement of the geology of the region is given as follows: 

GENERAL GEOLOGIC OUTLINE 

Generalized Geologic Section 

The sediments in the general region of these sand-kaolin deposits in 
northeastern Central Texas are those which were deposited within and 
near the margin of the Cretaceous Gulf Embayment during Tertiary time. 
According to Darton's12 "Geologic Map of Texas," a generalized section 
of the region is as follows : 

Time Age Groups of Formations 

Jackson Group 
Tertiary Eocene Claiborne Group 

(or Cenozoic) Wilcox Group 
Midway Group 

Mesozoic Upper Cretaceous Navarro Group 

Detailed Geologic Section 

A more detailed section of the sediments with which this report is par
ticularly concerned, according to Plummer,13 is as follows: 

Age Group Formation 

Claiborne Carizzo sand · 
(basal formation) 

Sabinetown 
Eocene Wilcox Rockdale 

Seguin 

Midway Wills Point clay 
Kincaid 

Therefore, the Wilcox group of formations are normally confined be
tween the Carizzo sand of the Claiborne group above and the Wills Point 
clay of the Midway group below. 
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General Structure 

The series of formations concerned here normally dip Gulfward and in 
this particular region they dip very gently (approximately 2 per cent 
grade) east-southeastward. Because of this . general gentle dip even rela
tively thin formations outcrop in comparatively broad bands that strike 
north-northeastward on the average. Also, to traverse this general mar
ginal region in a down-dip direction (from westward to eastward) is to 
proceed up the geologic columnar section from older to younger forma
tions as they outcrop. Hence, this sand-kaolin district lies to the eastward 
of the outcrop of the latest Cretaceous formations, and the intervening air
line distance averages about 8 miles. 

The Wilcox group, in which these sand-kaolin deposits occur, outcrops 
between the Carrizo sand on the eastward and the Wills Point clay on the 
westward, as a normal situation. The average width of the entire Wilcox 
group outcrop is about 20 miles in the central portion of this sand-kaolin 
district. Here, the Wilcox group totals perhaps 1,800 feet, or more, in 
thickness. 

Wilcox Group 

Plummer, in his discussion of the "Cenozoic Systems in Texas," page 
5 73, defines the Wilcox as follows: 

"... The strata referred to the Wilcox group include all the deposits between 
the marine silty clays of the Midway group below and the marine, glauconitic, 
fossiliferous sands of the Claiborne group above. The basal beds of the Wilcox 
mark a transition from the marine muds and silts of the underlying Wills Point 
formation to the coarser, littoral, deltaic, and nonmarine deposits of the 
Wilcox. 
"The strata of the Wilcox group comprises a heterogeneous series, several 
hundred feet thick, of sandy, lignitiferous littoral clays, cross-bedded river 
sands, compact, noncalcareous lacustrine or lagoonal clays, lignite lentils, and 
stratified deltaic silts. The upper layers have a large proportion of sand, and 
some massive beds from 50 to 100 feet thick are made up entirely of medium
grained sand, largely of continental origin, but possibly reworked to some 
extent by the transgressing shoreline waters that inaugurated the Claiborne 
epoch." 

On the basis of thickness determinations given by Plummer for the Wil
cox in a region not far to the south of this sand-kaolin district, it is here 
estimated that the Wilcox in this region may be about the same thickness 
of 1,840 feet. In the section given by Plummer, the Sabinetown, Rockdale, 
and Seguin formations are cited as 50, 1,640, and 160 feet in thickness, 
respectively, for eastern Milam County and western Robertson County, 
on the basis of some core tests put down in these areas. 
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The Rockdale Formation 

Plummer also defines the Rockdale formation as follows: 

"The name Rockdale is proposed to designate all the nonmarine strata of the 
Wilcox group from the top of the Caldwell Knob oyster bed or its equivalent 
beds to the base of the marine strata of the Sabinetown formation, the upper 
division of the Wilcox group. In areas where the Sabinetown formation is 
absent the Rockdale formation is limited by the Carrizo sand of the Claiborne 
group." 

In the foregoing quotation the term "Caldwell Knob oyster bed or its 
equivalent beds" refers of course to the uppermost member of the Seguin 
formation. Because of more recently reworked deposits and other sedi
ments, and soil, covering much of the total area concerned, neither the 
lower nor the upper Rockdale contacts are readily found on the ground 
except in favored locations. Also, due to the apparent transitional charac
ter of the sediments in places, these contacts may not readily be recognized 
at times and perhaps may not always exist, at least, not in a manner that 
is subject to positive specific determination exempt from justifiable ques
tioning. However, in Limestone County in particular, ·what appears to 
be the lower portion of the Rockdale formation is characterized topo
graphically by a low, rounded, cuesta-like ridge composed dominantly of 
sands. Here too, in entering the \Vilcox outcrop area from the westward, 
one first encounters on this ridge the prolific post oak and other vegetation 
that is characteristic of the Wilcox Rockdale formation. 

Rockdale Formation Members 

Attempts have been made to subdivide the Rockdale formation into 
mappable members. These attempts may have been premature and they 
have led to some confusion. This confusion extends into some questions of 
sequence of members and even possible validity of members in the first 
place. Plummer cites these member subdivisions, from top to bottom, as 
the Calvert Bluff clay, the Simsboro sand, and the Butler clay, in his com
pilation of available information on them. His descriptions of these sep
arate members are given here as an indication of the general recorded 
character of the Rockdale sediments as a whole rather than descriptions 
of valid subdivisions, or authentic sequence arrangements, as follows: 

"3. Calvert Bluff clay beds. These strata are typically exposed at Calvert 
Bluff on the Brazos River and comprise (a) gray sand weathering red and 
buff, varying in texture from coarse quartzitic sand to very fine silty argilla
ceous material that stands up like loess in steep banks; (b) dense, black, lig
nitic beds, from 1 to 9 feet thick; ( c) dark gray, compact, carbonaceous clay 
in thick beds or in lentils interbedded with silt. 
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"2. Simsboro sand. ---- ------- --- -- -- -- · The strata consist of gray soft sand contain
ing fossil wood, lumps of water-rolled clay, seams and lentils of blue-gray clay 
that in some places are chocolate-brown, and a little lignite. In most places the 
clay constitutes a minor part of this member. The average thickness in Lime
stone and Freestone counties is 250 to 300 feet and the width of the outcrop 
is about 3 miles (fig. ____) ." 

"l. Butler clay. This member is typically exposed at Butler, near Elgin, where 
the clay is used extensively for making brick. These beds comprise: (a) gray 
and buff, lenticular, fine-grained, thin-bedded sand, which contain indurated 
and laminated, rough-surfaced concretions; (b) micaceous clays that in most 
places are rather free of sand, tough and massive, in other places silty and 
laminated and characterized by limonitic partings; ( c) seams and lentils of 
lignite." 

Except for some important omissions, the foregoing descriptions apply 
to perhaps much of the Rockdale formation, at least in the general area 
here concerned. However, it will be noted that in no case have the terms 
"sand-kaolin" or "kaolin-bearing silica sands" appeared in the above de
scriptions. 

Exploration and Outcrop Photographs 

In the process of locating outcrops not previously reported in so large 
an area, DeBeck reported the tendency was to follow those channels most 
accessible such as road cuts, creek beds and in some cases surface exposure. 
Inasmuch as much of the territory is sparsely settled with a few roads and 
much heavy brush, it is likely that substantial deposits remain undisclosed. 

A few photographs are shown to illustrate the nature of some of the 
more prominent outcrops explored. 

Kirvin Deposit (in White Rock Branch) 
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Denny Deposit (at forks in branch) Harmony Deposit (in White Branch) 

Wilcox Area Map 

The area of the Wilcox group of formations, with sand-kaolin deposits 
designated, is shown in Plate I. 

Sampling Designation 

A scheme of sample numbers was adopted whereby the main number 
designates the county in which the deposit is located, the first capital letter 
designates the deposit and subnutnbers or letters designate individual 
samples. 

These designations are shown on the sketch maps of individual deposits 
and identify the samples as listed in tables of field and laboratory data. 

DeBeck used sketch maps only in showing location and identification of 
field samples for all deposits except the Harmony Deposit. This deposit 
was selected as the one most deserving of full exploration including core 
drilling and on this operation DeBeck submitted a detailed set of field 
notes. DeBeck lists the sand-kaolin deposits as follows: 

Principal Deposits 

The more important sand-kaolin deposits of this report are located as 
follows (see Plate II) : 

Deposit Name Sampling Number Location 

Denny 617-A On the Falls-Robertson County line, 
(see Plate III) 4~ air-line miles northeast of Bre

mond, and immediately east of Denny. 
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Deposit Name Sampling Number Location 

Harmony 618-A In Limestone County, 7 air-line miles 
(see Plates X and XI) due east of Kosse, and immediately 

north of Harmony School. 

Duck Lake 618-B In Limestone County, 10 air-line miles 
(see Plates V and VI) southeast of Mexia, and immediately 

north of Duck Lake. 

Teague 620-A In Freestone County, 4~ air-line 
(see Plate IV) miles due north of Teague. 

Kirvin 620-C In Freestone County, 3 air-line miles 
(see Plate IX) southeast of Kirvin. 

Malakoff 622-A In Henderson County, seven-tenths 
(see Plate VII) air-line mile due south of Malakoff. 

Malakoff T P & L 622-C In Henderson County, 3 air-line miles 
(see Plate VIII) south southwest of Malakoff. 

Subordinate Deposits 

The subordinate sand-kaolin deposits of this report are located as follows 
(see Plate II) : 

Name Given Sampling Number Location Description 

Deposit 

Pin Oak 618-F In Limestone County, 2 miles north
west of Harmony School. 

Holman Creek 620-G In Freestone County, 3 air-line miles 
southwest of Teague. 

Teague Reservoir 620-L In Freestone County, 1 mile due west 
of Teague and at southwestern corner 
of the Teague reservoir. 

Simsboro 620-D In Freestone County, immediately 
southeast of the settlement or village 
of Simsboro. 

Stewarts Mill 620-M In Freestone County, immediately 
north of the settlement or village of 
Stewarts Mill. 

The deposits listed above are arranged in the two categories of "princi
pal" and "subordinate" on the basis of present knowledge. Further investi
gation might very well alter the above classifications. Hence, any deposit 
listed in the above "subordinate" category is subject to important reclassi
fication upon proper determination. 

GEOGRAPHIC SETTING 

As a corollary to the general geologic outline, Mr. Beck submitted a 
report on the geographic phases of the area, a condensed revision of which 
is presented herewith. 
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Location and Area 

The several sand-kaolin deposits of this report are found distributed 
sporadically in the general westward geographic half of the Wilcox out
crop area in northeastern Central Texas (see Plates I and II). The de
limited area in which these deposits occur is here presented as a Wilcox 
sand-kaolin district for the purposes of this report. This district occupies 
a narrow ribbon-like band area that varies from 5 to 10 miles in width 
and which is about 80 miles long, north-northeast to south-southwest. On 
the northward extremity, this district extends well into west-central Hen
derson County. On the southward, it extends a short distance across the 
northern boundary of Robertson County near the Falls-Limestone-Robert
son Tri-County line junction. It includes only the eastern-most corners of 
the intervening counties of Navarro and Falls, but includes important por
tions of west Freestone County and eastern Limestone County. This gen
eral district is included between the 31° 12' and 32° 12' parallels and be
tween the 96° 00' and 96° 48' meridians. 

Topography 

This sand-kaolin district, as here delimited, is a relati\·ely small portion 
of the Wilcox Timber Belt physiographic subdivision of the Gulf Coastal 
Plains. In general, this subdivision is an area of gently rolling terrain and 
this district is typical. In this district, the surface varies between 350 and 
550 feet in elevation above sea level and these modest extremes in elevations 
are found only at points that are comparatively distant from each other. 
The northern and southern portions of this sand-kaolin district are respect
tively traversed and drained, northwestward to southeastward, by the 
Trinity and Navasota Rivers in con junction with their local tributary 
systems. 

Climate 

The average rainfall for this general region of northeastern Central 
Texas is 36.5 inches per year. The mean annual temperature is 66° F. 
and varies from a January mean of 4 7 ° F. to a July mean of 84 ° F. The 
general character of the climate of this region is further illustrated by the 
fact that the average agricultural growing season is 257 days per year. 
Gusty to sustained wind velocities of 5 to 10 miles per hour and higher are 
not unusual and such winds may persist for periods varying from a few 
hours to several days in succession. 

Settlements 

This delimited Wilcox sand-kaolin district proper is almost devoid of 
organized settlements though there are a number of villages, towns, and 
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cities immediately at or near its outside limits. In the surrounding regions, 
however, there are many towns and cities within radii of 50 to 100 miles 
of points within this district and which also include many important and 
highly industrialized areas (see Plates I and II) . Radii of 150 to 200 miles 
of points within this district include almost all of the concentrated indus
trial areas of Texas (excepting those in West Texas) and some similar loca
tions in the bordering regions of Louisiana, Arkansas, and Oklahoma. 

The villages, towns, and cities that immediately surround this sand
kaolin district are as follows : 

Location in Reference 
County and Town to this Sand-Kaolin District Population 

Henderson County 31,822 
Malakoff Northern extremity 1,200 

Freestone County 21,138 
Fairfield Eastern boundary 2,000 
Kirvin Westem boundary 231 
Teague Eastern boundary 3,157 

Limestone County 33,781 
Mexia Western boundary 7,200 
Groesbeck Wes tern boundary 2,272 
Thornton Western boundary 745 
Kosse Western boundary 881 

Roberston County 25,710 
Bremond Southern extremity 1,106 

INDUSTRIES 

Agriculture 

Agriculture is the principal industry of this delimited Wilcox sand-kaolin 
district proper. The principal products are those derived from raising cat
tle, truck crops, the growing of some cotton, and minor lumber operations. 
The district is perhaps most widely noted for the large tonnages of water
melons that are raised here and shipped to many parts of the country every 
year. In decades now long gone by, cotton was both a large and the princi
pal product, pending ultimate exhaustion for such purposes of a thin, 
sandy, and unrefurbished soil, particularly in southeastern Limestone 
County. In this latter area many farms have been largely abandoned to 
the vagrancies of nature and some once-thriving communites have ceased 
to exist except that their mere geographic locations still bear their names. 

Oil and Gas 

In a few areas immediately adjacent or close to this sand-kaolin district 
both oil and gas are produced. On the east side of this district are the 



19 WILCOX SAND-KAOLINS OF NORTHEASTERN CENTRAL TEXAS 

Cayuga Oil Field and the Fairfield Gas Field. On the west are the Mexia 
Oil Field and the Tehuacana Oil Field. The Cayuga Oil Field extends 
across the Trinity River into northern Freestone County from northwest
ern Anderson County. The Fairfield Gas Field is virtually in the eastern 
edge of the district in Freestone County and is 7 miles northeast of Teague. 
The Mexia Oil Field is immediately west of Mexia, in Limestone County. 
The Tehuacana Oil Field is in northern Limestone County. 

Ceramic Products 

Heavy clay products, such as building brick and tile, are produced at 
the borders of this sand-kaolin district in the towns of Malakoff, Teague, 
and Groesbeck, in Henderson, Freestone, and Limestone Counties, re
spectively. Pottery is produced at the nearby city of Athens, 10 miles east
northeast of Malakoff, in Henderson County. 

Both silica and kaolin refractories are produced on a large scale at the 
Harbison-Walker Refractories manufacturing plants in Athens. This sand
kaolin district lies about midway between the industrial cities of Waco 
(on the west) and Palestine (on the east) where large manufacturers of 
glass containers are located. These cities of Waco and Palestine are only 
about 92 miles distant, air-line, from each other and are located in Mc
Lennan and Anderson Counties, respectively. 

Sand-kaolin in volume is being mined near Kosse in Limestone County. 
It is being used as a raw material in the manufacture of a white hydraulic 
building cement at Houston. 

Sand-kaolin on a small intermittent scale is being produced at Stewarts 
Mill, in northern Freestone County, which location is also in this district. 
The pulverized material is marketed as an oil absorbent and cleaning ma
terial for use by garages, machine shops, and the like. This material is 
being produced from the deposit described in this report as the Stewarts 
Mill deposit. It is located immediately north of the settlement or village of 
Stewarts Mill. 

A sand of relatively low kaolin content is being produced near Teague, 
in Freestone County, for foundry purposes. 

TRANSPORTATION FACILITIES 

Principal H ardsurfaced Highways 

A network system of principal highways surrounds this sand-kaolin dis
trict and connects most points of consequence in a direct manner. A num
ber of such highways radiate out of the industrial city of Corsicana, in 
Navarro County, 15 miles to the west of the district. State Highway No. 
31, bearing east-northeast from Corsicana, through Malakoff and Athens, 
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to Tyler, subtends the northern limit of this sand-kaolin district. U.S. 
Highway No. 287, bearing east-southeast from Corsicana, through Cayu
ga, to Palestine, crosses this district in eastern Navarro County and north
ern Freestone County. U.S. Highway No. 75, bearing southeastward from 
Dallas, through Corsicana, Streetman, and Fairfield to Houston, crosses 
the district between Streetman and Fairfield, in northern Freestone 
County. State Highway No. 14, bearing due south from Corsicana, 
through Wortham (in western-most Freestone County), Mexia, Groesbeck, 
Kosse, and Bremond, to Hearne (22 miles south of Bremond in Robert
son County), crosses the Wilcox group of formations in the general vicln
ity of Bremond and near the southern limit of the district, and is the prin
cipal highway along the westward side of the district. 

U.S. Highway No. 79, bearing northeastward from Hearne, through 
Marquez, Jewett, and Buffalo, to Palestine, is the principal highway along 
the eastward side of this district. This highway intersects the Dallas
Houston U.S. Highway No. 75 at Buffalo, in Leon County, 28 miles due 
east of Groesbeck. There is a State Highway No. 164 that is in the process 
of improvement from Groesbeck to Buffalo across the middle of this district. 
A newly improved highway, bearing southeastward from Mexia to Jewett 
also traverses the middle portion of this district. Kirvin and Fairfield, and 
Mexia and Teague are connected by east-west coursing highways. Kirvin, 
Teague, and Fairfield are connected by a triangular pattern of highways. 
It is contemplated that Kosse and Marquez will soon be connected by an 
improved east-west coursing highway that will cross the southern portion 
of the district.* There are also connecting highways between Malakoff 
and Cayuga, Kirvin and Wortham, Fairfield and Palestine, and Teague 
and Buffalo. 

County Roadways 

This entire district is served by a considerable network or pattern of 
county roadways that are not hard surfaced. Particularly in southeastern 
Limestone County, some of the county roadways are being improved or 
re-located while others are being virtually abandoned. In this latter area, 
many small bridges and culverts appear to be in questionable condition. 

Railroads 

The northern end of this sand-kaolin district is served by the St. Louis 
and Southwestern Railway. It connects Corsicana with Tyler, through 
Malakoff. The C. B. & Q. and the Rock Island Railways connect Dallas 
and Houston through Corsicana, Kirvin, and Teague, thus serving the 

*The contract for this highway was scheduled to be let in April, 1954. 
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middle portion of the district, with a connecting branch from Teague to 
Mexia. The west side of the district is served by the Southern Pacific Rail
way, which connects Corsicana with Hearne through Mexia, Groesbeck, 
Kosse, and Bremond, and with a branch connecting Bremond and Waco. 
The eastern side of the district is served by the Missouri-Pacific Railway 
which connects Palestine with Hearne through Buffalo, Jewett, and Mar
quez. 

Electric Power 

Most of the points in this district and general region that are connected 
with principal hard-surfaced highways are also inter-connected with a 
system of high tension electric power transmission facilities. One of the 
principal electric power plants of the Texas Power and Light Company is 
located near the western border of this sand-kaolin district, on the Trinity 
River, near Trinidad, in western Henderson County. 

Oil and Gas 

This sand-kaolin district is virtually criss-crossed with a pattern of oil and 
gas pipe lines. It would be difficult to find a spot within this district that 
is more distant than 2 or 3 miles from the nearest oil or gas pipe line loca
tion. A pipe line pumping station of the Sinclair Petroleum and Refining 
Company is located near the center of the district at the settlement of 
Simsboro, 3.5 miles north-northwest of Teague, in Freestone County. 



LABORATORY DATA AND SKETCH MAPS 

SAMPLING PROCEDURE 

Locations from which samples were taken are shown on deposit sketch 
maps which are followed by tables of corresponding laboratory data. 

The samples designated on sketch maps Plates III to X were taken by 
standard procedure of channel sampling unless otherwise designated. In 
general the final field sample consisted of 40 to 51 lbs. which was submit
ted to the laboratory in cotton duck bags. On samples of this size, the sand 
and kaolin was of necessity separated by hand washing methods. Physical 
data was then obtained as the size of the sample of washed kaolin would 
permit. The usual standard procedures were followed in obtaining this 
data. It should be noted, however, that all shrinkages are expressed in terms 
of the original plastic dimension. This is the basis regularly used by clay 
producers and manufacturers and it is deemed advisable to avoid the con
fusion arising from calculations of shrinkages on the so-called "dry basis." 

DENNY DEPOSIT 
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Sketch Reproduction of Denny Deposit Location from U. $ . Bureau 
of Mines Report of Investigations No. 3825 -: - 

PLATE III 
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Laboratory Data 

Sample % Water of % Lin. Dry % Total Lin. Color % Absorp. 
No. Plasticity Shrinkage Shrinkage Raw Fired Cone S 

617-Al 24.8 5.0 9.4 slate gray 9.05 
gray white 

2 25.1 4.8 9.8 sage ivory 4.79 
gray to buff 

3 30.2 6.3 14.5 yellow muddy 3.34 
gray ivory 

Remarks 

The above data was determined from hand made test bars ( l" x l" x 
7") made from the washed clay. The fired test bars (Cone 5 ) were ob
viously so badly off-color that the reflectance method of determination 
was omitted. Some tendency to cracking was noted. 
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Laboratory Data 

Sample % Water of % Lin . Dry % Total Lin. Color % Absorp. 
No. Plasticity Shrinkage Shrinkage Raw Fired Cone 5 

620-Al 28.5 2.9 12.5 gray cream 11.2 
white white 

620-A2 27.1 5.8 9.8 buffish cream 12.2 
white white 

620-A3 31.3 5.8 11.7 gray light 12.8 
white gray 

white 

620-A4 (Sample shown on map not accounted for) 

Remarks 

The procedure and firing temperatures used were the same as for sam
ples shown in Plate III. It will be noted that the colors reported are whiter. 
A contributing factor to this is the taking of samples from an operating 
pit and therefore less likely to be contaminated by infiltration. The prop
erty at the time of sampling was under lease by the Trinity Portland Ce
ment Company of Houston who were using the material in the manufac
ture of white cement. 
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Laboratory Data 

Preliminary physical data obtained on few samples are shown in follow
ing table: 

% Total Lin . 
Sample % Water of % Lin . Dry Shrinkage Color % Absorb . Mod . of 

No. Plasticity Shrinkage Cone 6 Raw Fired Cone 6 Rupt. 

618-Bl 27 4.8 9.8 gray 
white 

cream 
white 

10.4 258.5 

618-B3+B4 29.2 5.2 cone 5 
11.8 

gray 
tan 

med. 
buff 

cone 5 
5.80 

217.5 

618-B5 28.6 5.9 10.9 med. 
gray 

gray 
white 

9.45 

Inasmuch as the use of test bars required larger quantities of clay than 
was obtained from the washed samples, it was decided to adopt a pro
cedure whereby small cubical test pieces approximately l" x l" x l" were 
used. Shrinkages were obtained by use of a volumeter following standard 
procedure. Color observations were made on dust pressed discs which were 
prepared in the following manner. A given sample was dried and approxi
mately ten per cent water added in the process of pulverization to minus 
30 mesh. The sample was pressed into discs of 1 Yr inch diameter at ap
proximately 2,000 lbs. per sq. in. The pressed discs were dried at 105° C. 
and fired at cone 9. Data in addition to that previously obtained were taken 
as appears in the following table: 

Bulk %Ab- % Wt . 
Sample % Water % Shr. % Pore % Lin . % Total Specific sorp- loss on Reflectance 

No. Plasticity Water Water Dry Shr. Lin. Shr. Gravi ty ti on Firing reading 

618-B2 36.9 11.1 25.8 5.3 14.2 2.31 6.6 12.4 69 
6 44.8 23.7 21.1 10.9 16.4 2.50 0.5 10.8 44 
7 30.7 13.1 17.6 7.0 13.1 2.48 0.3 8.2 45 
8 41.1 17.1 24.0 8.0 15.3 2.44 0.6 10.7 52 
9 40.0 19.6 20.4 9.4 15.1 2.51 0.2 9.6 38 

10 36.0 18.3 17.7 9.4 14.2 2.47 0.2 9.5 41 
11 39.9 18.4 21.5 8.9 14.9 2.44 0.8 10.3 45 
12 42 .0 22.9 19.l 11.0 15.1 2.43 0.3 9.5 40 
13 37.5 16.6 20.9 8.5 13.6 2.41 0.2 8.2 28 
14 36.3 19.1 17.2 9.6 14.1 2.38 1.6 9.7 36 
15 39.8 21.0 18.8 10.l 15.5 2.52 0.6 9.4 36 
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Remarks 

An explanation of reflectance readings appears in the introduction of 
presentation of laboratory data following the field data pertaining to 
Plates X and XI. In the case of the above table only blue filter readings 
are used as obtained from the unglazed discs previously fired to Cone 9. 
It should be stated here that the usual industrial practice is to use the blue 
filter reading as a preliminary guide,. and unless a reading of approximately 
80 or more is obtained, the whiteness is considered substandard. It will be 
noted that the above reflectance readings show the bisque whiteness of 
this series to be below that of kaolin requirements. 
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Laboratory Data 

The data in following were obtained m same manner as for similar 
table under Plates V-VI. 

Bulk %Ab- % Wt. Reflectance 
Sample % Water % Shr. % Pore % Lin. % Total Specific sorp- loss on reading 

No. Plasticity Water Water Dry Shr. Lin. Shr. Gravity ti on Firing bisque 

622-Al 42.5 13.5 29.0 6.2 15.4 2.39 4.3 12.4 60 
2 42.8 16.4 26.4 7.4 16.2 2.47 2.4 12.4 63 
3 33.1 10.6 22.5 5.3 12.7 2.22 8.4 12.0 69 

622-Bl 44.0 16.7 27.3 7.4 15.7 2.34 4.4 12.8 68 

Remarks 

It will be noted that here again the reflectance readings are still too low 
to meet kaolin specifications. Of course, it is possible that further explora
tion at greater depth might result in improved reflectance readings 
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Laboratory Data 

The following data were obtained from test bars except reflectance read
ings which were from discs. Firings were at Cone 8. Samples were taken by 
Mr. Cross at depths of three feet or more into unweathered deposit. 

%Lin. % Total Reflectance 
Sample % Water Dry Lin. % Reading 

No. Plasticity Shrinkage Shrinkage Absorption Raw Bisque 

622-Cl 31.3 3.6 10.7 9.0 65 75 

2 36.1 3.9 10.2 13.2 56 80 

3 34.3 3.4 14.l 7.7 54 81 

4 42.5 4.0 Fired bars distorted and cracked 
No data on fired bars taken 

5 42.7 5.0 13.0 No data 70 82 
Checked bars 

Remarks 

It will be noted that blue filter readings on the bisque are definitely 
within the range for kaolin. Further exploration of this deposit is con
templated by the Texas Power & Light Company. A preliminary drilling 
was made as reported by Mr. Cross and shown on the plate by drill hole 
numbers DHl to DH13. The method of drilling was semi-hydraulic which 
brought up the core material in the form of a slurry. Logging data as re
corded in the following was obtained by on-the-spot observations of this 
slurry as the drilling was in progress. I believe it will be admitted that this 
method of prospecting is much less desirable than the taking of solid cores 
that are free from contact contamination with strata already penetrated. 

Logging Data of Drill Holes 

Test Hole No. DHl Surface Elevation 200.0 
Thickness Depth 
of Measure Lithology From To 

1 Top soil sand .... ........... .. . 0 1 
2 Brown sandy clay .... .... .. ........... --- -- ··············· 1 3 
7 Gray sandy clay .. ......... .... . ......... .............. .. ... .... . . 3 10 

13 Brown sand ._ ... ........... . 10 23 
13 Gray sandy clay and bits of lignite ..... ......... .. . 23 36 
18 Gray sandy clay ...... .... .. .... ..... ---········ ··-- ·-· ···- ---·- ·-·· ··· 36 54 
6 White sandy clay .... . ....... ....... .. . 54 60 

10 Gray sand and bits of white and gray clay .. ...... ... . 60 70 
10 White sandy clay ... ........ .... . 70 80 
10 Gray sand and bits of white clay ..... .. ............ ........ . 80 90 
8 Gray sand ... ... ... ... ........ ....... . ....... ... .. .. ... . 90 98 
2 Gray sand and clay, bits of green clay ....... ..... ... .... . 98 100 
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Test Hole No. DH2 Surface Elevation 205.6 
Thickness Depth 

of Measure Lithology From To 

5 Top soil sand ................... ....... .. ......... ............ ........ . 0 5 
3 Red or brown sandy clay .................................. ... .. . 5 8 
5 Brown sand ............ ... .. .. .... .. ................ ... ..... .... ......... . . 8 13 

13 Brown sandy clay ... .... ...... ....... ....... ............. ..... ....... . 13 26 
2 Sand and gravel ........... .... ... .... ...... ....... ..... .... .... ...... . . 26 28 
4 Gray clay .............................................. ...... .... .... ..... . 28 32 
6 Gray sandy clay ... .... .... ..... .... .. .. ... .. ... .. ......... ........... . 32 38 
5 Dark gray clay ....... ..... ..... .... .... ... ... ......... . .... ...... .... . 38 43 
5 Gray sandy clay ......... ..... ... .... ...................... .... ...... . . 43 48 

10 Dark gray clay .. ...... . ................. ..... ...... ........... .... .... . 48 58 
12 White sandy clay . . ............. ......... ..... ....... .... .... .... . . 58 70 
30 White and brown clay ...... ... .. .. ... .. ...... ..... ..... .. .. .... . 70 100 

Test Hole No. DH3 Surface Elevation 172.l 
Thickness Depth 

of Measure Lithology From To 

3 Top soil sand ......... ..... ...... . ...... ..... ... .... ...... ...... . 0 3 
6 Brown sand .. .. .... .. .................... . 3 9 

33 White clay ... . .. ..... .................... ... .. .... ..... ................. . 9 42 
0 Bits of lignite ................ .......... .. ... ......................... ... . 42 42 
6 Dark gray clay . ... ... ... ..... .... .... ... ... ... .... .... ....... ...... .. . . 42 48 
6 Lignite - rotten ...... ..... ...... ........ .. ......... ... ...... ... ... . 48 54 
6 Gray clay ......... ............ . ....... ..... .. ... . 54 60 

CORED 10 20 
Recovered : 0 
CORED .... 50 60 
Recovered: 1 ft. lignite 

3 in. clay 

Test Hole No. DH4 Surface Elevation 162.9 
Thickness Depth 

of Measure Lithology From To 

2 Top soil sand ................. ... ...... ..... . 0 2 
2 Brown sand .... .. ... .. .......................... . 2 4 

13 Brown and gray sandy clay .... .......... .... .. .......... ... ... . . 4 17 
3 White sandy clay . . ...... ... ... .. .. ..... .... .......... . 17 20 
7 Brown sand and little clay ....... .... .......... ..... ..... ...... . 20 27 
4 Gray clay .......... .............. .... ... .. .... ...... ...... .. ........... ... . 27 31 
7 Lignite and clay .... .. ........ .. .... ........ .. _______ _.... .. ... ..... . 31 38 
1 Blue clay ... ------------------- ·--············ ·------·-· ·······----- --·· ·· ·· 38 39 
5 Light gray clay ··········· ···· ······ ······ -·· ···· ······--·--··········· 39 44 
3 Gray clay ... .... ...... ..... .............. ...... ... .. ... ........ ..... ... ... . 44 47 
1 Dark gray clay and lignite ..................................... . 47 48 
4 Gray clay ...................................... .... ......... ............. . 48 52 
1 Lignite ·········· ·· ···· ·· ···· ··· ··· ····----· ·· ······ ···-··-··· ··· ---- ····· ···· · 52 53 
1 Blue clay ----······· ··· ··-··· ·-·· ·--- ·--·- ········ ·· ··· ···-· ···· ·· ······ ·· ·· · 53 54 
2 Lignite ·········-·-·····-···-----·--·-· ..... ........ .. .......... ............ . 54 56 

14 Dark gray clay .. .... ............. ..... .. ........ ............ ...... ... . 56 70 
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Test Hole No. DH5 Surface Elevation 173. 7 
Thickness Depth 
of Measure Lithology From To 

2 Top soil sand ·······-----·-·-····· --·-····· ····--·········- ·-- ········-· 0 2 
1 Brown sandy clay and gravel ··- ······-·····- ····--- ······ ···· · 2 3 
4 Brown gray sandy clay ·-·· ··· -······ ·· ···· ····· ·--····· ·······--· · 3 7 
3 Gray sandy clay and gravel ············· ··· -··· ··---··········· 7 10 
6 Gray sand -········--··------··-···· ·- ····-· ········ ·· ··---···--········--· 10 16 

32 16 48White sandy clay ····----··-···---···· ····· ·········· ··--··-······ ···-· 
7 Lignite ·- ·-· ············· ·-·· -······--··· ········ ········-·---·········· ···· 48 55 

11 Gray clay -············ ·· -·--······-·········· ······ ···-·------··········-· 55 66 
1 Dark gray clay and lignite ········ ········ ···---···--- ········· · 66 67 
3 Gray clay ····· ··· ·······- -·- ··-··-- --········ ···· ··· ···--·- · 67 70 

Test Hole No. DH6 Surface Elevation 186.9 
Thickness Depth 
of Measure Lithology From To 

Top soil sand ·········-----·--··· ·············· ··· ····-·-- ·· ········ 0 1 
2 Brown sand ···· ···--······ ··-··· ·-····· ············· ··· ··-- -- ···· ····· ··· 3 
2 Brown sandy clay ·------- ·-----·············· ··· ·······--·-··· ·· ·· --· 3 5 
3 Gray sandy clay ·----·- --····· ··· ··········-·· ····· -····-····· 5 8 
3 Brown sandy clay . ------ ··-·-···· ······ ··· ··· ·········· ·-·· ·· ·····-· 8 11 

4 Light gray sandy clay ···----·---·· ·· ········ ·· ·······----· 11 15 
5 White sandy clay ···---- --········· ··········-··- 15 20 
5 White sand and clay --- ·--·· ·········· ······ ··· ······· 20 25 

21 White sandy clay ···--·· ··-- ·· ··--·········· ···· ·······-·····-······-· 25 46 
1 White sand and bits of lignite ........ .......... ....... ... -·-· 46 47 
5 White sand .......... ... --------·-·---· ·-········ ··· ··········--····-·---· 47 52 
8 Gray clay . -----· ·-·--····--········ ······· ·· ·-····· ··-·· 52 60 

Test Hole No. DH7 Surface Elevation 201.2 
Thickness Depth 

of Measure Lithology From To 

2 Top soil sand ······· ···--···-·-···· ·· ··· ········ ····· ··· ... .. \) 2 
2 Brown sandy clay ······------- -- --··-·· ··· ··· ·· ··· -· ··- --···---·· ··· · 2 4 
2 Gray sandy clay ····· ······· ····- ···· ·-·· ···-·· ······ ·····-···--····· --· 4 6 
6 Brown sand ··-······ ·· ·- -··· ··- ·- ················ ·········· ·------· -·- --· 6 12 
4 Gray sandy clay ·····---··- ----- -·· ···-· ·········· ·· ······ ····-··-···-· 12 16 
3 Brown clay, sand and gravel ..... ..... ........ .... .. ..... . 16 19 
3 Brown sand ···········---·· --··-···· ···· ········ ·· ··· ········ ······· -··· 19 22 
3 Brown sandy clay ··--· -- -······ ··· ··· ··· ······· --····-· ···- -· 22 25 
7 Gray clay ·--·············-·· ----·-···-··· -··· ···· ···· ·······----···-·-- ·-· 25 32 

18 Bluish white sandy clay -···-·--············ ·· ·········--···-·----·· 32 50 

7 Gray sandy clay ···· ··· ····· ·---· -- -·-··-··-···· ··· ·······---··--- ·· ···· 50 57 
3 Blue sandy clay ····· ·· ·········- ---·······- ··············---······-· ··· 57 60 

10 Gray sand·· ···· ··· ····· ···-· ····---- --· ······ ········ ·······-····· ······· -· 60 70 
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Test Hole No. DH8 Surface Elevation 203. 7 
Thickness Depth 

of Measure Lithology From To 

1 Top soil sand --- -- --- --- -- ------- --------------------------- ---------- -- 0 1 
5 Red sandy clay ---- --- ----- -- ------------------------------------ ---- - 1 6 
6 Brown sandy clay --- ---------- ----- ---- --- ----- -- ----- --- ---- -- ------- 6 12 
8 Gray sandy clay ---------------------- ------ -------------- ------------- 12 20 

10 Light gray clay -- ----- -- ----- ------------------------ --- --------- ------ 20 30 
9 Gray clay ------- ------------------- ------- -- -------- -- ----- -- ---- --------- - 30 39 

11 White sandy clay ----- ----------------- --------------- --- -------- -----  39 50 
17 White sand and little clay ------ ----- -- -- ------------- ------------ 50 67 
13 Gray sand ------- -- ---- -- ---- -- ---- --- -- ---------------------- ---- ---- ---- 67 80 

Test Hole No. DH9 Surface Elevation 201.2 
Thickness Depth 
of Measure Lithology From To 

1 Top soil sand -------- ------------- ------ --- - ---------------- -- --------- 0 1 
4 Brown sandy clay- --------- --- ------ -------- ------------- ------------ - 1 5 

12 Brown and gray sandy clay ----- ------ ---------------------- -- -- 5 17 
12 Brownish gray clay ------------ -- -------------- ------------ --------- 17 29 

1 Brown rock and sand ------- -- ------ -------- -------- -- -- --------- -- 29 30 
10 Gray clay --------- ----- ----- --- --------- -- ---- ---------- -- --- ------------ -- 30 40 
27 White sandy clay- -------------- ---------- ------------ ----- ----------- 40 67 
10 Gray sand and clay- --- ---- --- --------- ------- ----- ------ -------- --- 67 77 
13 Gray sandy clay -------- --- -- ----- --------------- ------ -- ---- --------- -- 77 90 

Test Hole No. DHlO Surface Elevation 201.6 
Thickness Depth 
of Measure Lithology From To 

1 Top soil sand ----------- --- -------------- ------ ---------------------- --- 0 1 
1 Brown sandy clay -- -------- ----- ----- ------ -- ------ ---- --- -- --------  1 2 

28 White sandy clay ----------- -- ----------------------------------------- 2 30 
5 Gray sand ------ --- --------------- --------- ---- -------------- ---- --- ----- 30 35 
8 Lignite -------- --- -------------- ------------------------------ -- --- ---- -- --- 35 43 

25 Gray clay ------ ----- ------- ---------- ----- --- ----------- ---- --- -------- --- - 43 68 
12 Gray sandy clay- --- --- --- ---------- -- ----------- --- -- -------- -- -- -- ---- 68 80 

Test Hole No. DHl 1 Surface Elevation 199.0 
Thickness Depth 

of Measure Lithology From To 

1 Top soil sand ----------------- ---- ---- -- ---- -- --- ---- --- --- -- -- ----- ---- 0 1 
2 Brown sandy clay ------ ----------- -------- ----- -- ----------- ----- -- --- 1 3 
5 Gray sandy clay -------- ------------------------- -- ----- --- ----- ---- -- -- 3 8 
8 Brown sand ---- ----- -------- ----------- -- -------------- ----- --- --- --- ---  8 16 

10 Gray clay -------- -- ------ -- ---- ------ ---- --- ------------ ----- --- --- ----- --- 16 26 
6 Dark gray clay -------------------------------- -- ----------------------- 26 32 

13 Dark gray sandy clay -- -- ----- ----- ---- -- ----- -- ----- ---- ------- -- 32 45 
33 White sandy clay- --- ----- ---- -- ------- -- ---- --------- --- -------- -- ---- 45 78 

1 Lignite --------------- -------- ---- -- -- -------- ------ -------- -- --------------- 78 79 
11 Dark gray sandy clay ------------------ ------------- -- --- --- --------- 79 90 
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Test Hole No. DH12 Surface Elevation 199.4 
Thickness Depth 
of Measure Lithology From To 

1 Top soil sand ... . ··--- -- ----- --- -- -- --- --------· · -· ···-· ··· ····---- -- - 0 1 
1 Brown sandy clay ···-·-··--·--- --- ---- ------ ---···· ········----- -·-· ··· 1 2 
4 2 6Gray sandy clay ···-···-·· ···--- ---- -- ---------------- -- ------··--- -·· ·· 
4 Brown sand _ --------------------- -- --- -- ---- --- ----- -- ---- -- ---  6 10 
6 Gravel and brown sand -- ----- ---- --- --- ---- --- ------------------·- 10 16 
4 Gray sandy clay _________ ·· ········- ------- --- --- --- -- -- -- ---------- --- 16 20 
4 Brown sandy clay ------ ---- ---- ----- ---- ---- __ ____ ____ __ ______ ___ __ __ _ 20 24 
4 Dark gray clay --------- -- ··- ·-·--- ------ 24 28 
2 Brown sandy clay _____ ---------------- --------- - 28 30 
9 Dark gray clay ___ ___ -------- ---- -- ---------- 30 39 

31 White sandy clay _______ __ ------------ -- ----- --- ---- ---- 39 70 
10 Gray sand and white clay-------- ------------ -- -- -----··· ·- -- --- 70 80 
5 Gray sand and gray clay·--- --- -- ----- ----- -- ----- ---- ----·------ 80 85 
1 Gray sandy clay and coal _ -- ---- ---- -------- -- --------- ------ 85 86 
4 Gray sandy clay . ----- --- ----- --- ---- ------ ------ - 86 90 

Test Hole No. DH13 Surface Elevation 197.3 
Thickness Depth 
of Measure Lithology From To 

2 Top soil sand _ ____ ______ ____ _______ _ 0 2 
2 Brown sand and clay _ ____ _____ ______ ______ _ 2 4 
3 Brown sand and gravel _______________ ____________ ___ __ __ _____ ___ 4 7 
3 White sandy clay _ ----------- -- -------- ---- --- -- -------  7 10 
8 Gray sandy clay ----- -- -- ----------- ------ ----- -- ------ ----------- ----- - 10 18 
3 Lignite ---- ---- --------- --- -- -- --- ---- ---------- -- ------ -- -- ---- --···- ------ - 18 21 
4 Gray sandy clay --- -- --- -- -- -- ------ ---- ------------ -------- --- --- ------ 21 25 

35 Dark gray clay ___ __________ _------ ---- ---- --- ------- ------ ----- ----- -·· 25 60 
20 Gray sand, traces of clay -- --- -- ----- ---- --------- --- ------- ----- 60 80 
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Laboratory Data 

The data in following were obtained in same manner as for similar table 
under Plates V- VI. A preliminary examination of Sample 620-Cl 1 ex
hausted the total amount of that sample, hence it is not shown in the main 
tabulation. The data from this preliminary test follows : 

Sample % Waler of % Lin. Dry % Total Lin. Color % Absorp. 
No. Plasticity Shrinkage Shrinkage Raw F ired Cone 5 

620-Cl 1 34.5 5.2 12.8 gray ivory 9.7 
white white 

It will be noted in the following table that blue filter reflectance readings 
were obtained on glazed discs in addition to those on raw and bisque. 
These glazed discs were obtained by applying a typical transparent dinner
ware glaze which was applied to the discs in the bisque and matured in an 
additional firing at Cone 2. 

Lin. % Total Bulk % Ab· % Wt. Rellectance 
Sample % Water % Shr. % Pore Dry Linear Specific sorp· loss on reading 

No. Plasticity Water Water Shr. Shr. Gravity tion Firing Raw Bisque Glazed 

620-Cl 37.7 13.6 24.l 6.4 15.2 2.46 0.8 11.7 31 
2 42.1 17.2 24.9 7.9 14.7 2.29 5.8 11.9 58.5 47.5 37 
3 41.5 17.6 23.9 8.3 13.9 2.18 8.8 12.3 59 60 50 
4 19.0 3.4 15.6 1.8 11.1 2.17 7.5 12.3 61 63 55 
5 39.1 16.6 22.5 7.8 13.7 2.18 7.9 11.5 59.5 59.5 51 
6 45.7 28.7 17.0 13.5 15.9 2.41 0.3 10.1 44.5 25 18 
7 51.2 32.9 18.3 14.3 17.0 2.41 0 9.8 51.5 25 23 
9 40.8 17.2 23.6 8.1 13.8 2.18 7.7 12.0 58 46 35 

10 40.5 17.3 23.2 8.1 14.6 2.30 5.7 12.0 57.5 41 36 
12 46.6 22.0 24.6 9.7 15.4 2.25 5.2 11.3 55.5 40 32 
13 38.6 16.9 21.7 8.1 14.0 2.27 5.8 11.8 56 49 38 
14 40.3 24.0 16.3 11.9 14.2 2.27 5.1 12.0 52 43.5 30 
15 40.3 18.0 22.3 8.6 14.4 2.29 6.0 12.3 46 47.5 39 
16 45.6 21.8 23.8 9.8 15.9 2.35 2.6 12.3 47.5 38 28 
17 38.5 15.3 23.2 7.3 14.2 2.29 5.0 11.8 51.5 57 47 
18 40.0 16.0 24.0 7.6 14.3 2.29 6. 2 11.7 52.5 60.5 50 
19 42.6 23.9 18.7 11.3 15.0 2.32 0.7 11.0 33 37 29 
20 47.1 28.0 19.l 12.8 16.4 2.42 0 11.4 33 27 20 

Remarks 

It will be noted that the reflectance readings tend to be low. It should 
be pointed out, however, that the majority of the samples showed unusu
ally attractive ivory and cream shades untinged with gray. These shades 
have their place in the dinnerware field, often exceeding the white in 
popularity. 
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Field Data 

The Harmony deposit was selected for detailed exploration, involving 
power drill hole sampling, as per the following field data submitted by 
Mr. DeBeck. 

TABLE 1 

Harmony Deposit 
Location of Surface Channel Samples 
Little White Branch Stream Channel 

Sample Latitude and Departure Coordinates of Sample Locations 
Number S.E. Lat. N.W. Lat. S.W. Dep. N.E. Dep. 

Sample locations progressing northward down Little 
White Branch from uppermost to lowermost outcrops 
found in branch : 

618-Al 660 ft. 
618-A2 820 ft. 
618-A3 

618-A4 

900 ft. 

r·420 ft.
to 

1,700ft. 
618-A15 1,900 ft. 

20 ft. 
Nole: See Sample Location Table No. 5 for reference points and reference coordinates. 

TABLE 2 

Harmony Deposit 
Location of Surface Channel Samples 

White Branch Stream Channel 

Sample Latitude and Departure Coordinates of Sample Locations 
Number S.E. Lat. N.W. Lat. S.W. Dep. N.E. Dep. 

Sample locations progressing northeastward down 
White Branch from uppermost to lowermost outcrop: 

618-A30 2,800 ft. 2,020 ft. 
618-A12 3,020 ft. 1,280 ft. 
618-Al 1 2,960 ft. 800 ft. 
618-AlO 2,530 ft. 400 ft. 
618-A16} 
6l8-Al 7 2,480 ft. 300 ft. 

618-A9 2,300 ft. 300 ft. 
618-AS 2,410 ft. 160 ft. 

2,000 ft. 500 ft. 
618-A6 to to

{ 1,960 ft. 800 ft. 
618-A14 1,940 ft. 1,300 ft. 

Sample location in a filled-in remnant of previous 
channel of White Branch: 

618-A13 2,870 ft. 520 ft. 

Nole: See Sample Location Table No. 5 for reference points and reference coordinates. 
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TABLE 3 

Harmony Deposit 

Location of Hand Auger Drill Holes 
Area Northwest of White Branch 

Drill Hole 
Latitude and Departure Coordinates of 

Drill Hole Locations 
Log Record 

in Table 
Number S.E. Lat. N.W. Lat. S.W. Dep. Number 

Locations progressing from northwestward-most 
hole to southeastward-most hole location: 

618-ADHl 3,640 ft. 320 ft. 6 
618-A23 2,920 ft. 300 ft. 7 
618-ADH2 2,900 ft. 10 ft. 8 
618-A22 2,820 ft. 570 ft. 9 
618-A Hl5 2,720 ft. 160 ft. 10 
618-A H16 2, 720 ft. 300 ft. 11 
618-A20 2,300 ft. 300 ft. 12 
618-A19* 1,720 ft. 750 ft. 13 

*This hole is localed in lesl pil SE of White Branch. 
Nole: See Sample Location Table No. 5 for reference points and reference coordinates. 

TABLE 4 

Harmony Deposit 

Location of Power Auger Drill Holes 
Area Southeast of White Branch 

Log Record 
Drill Hole Latitude and Departure of Drill Hole Locations in Table 

Number S.E . Lat. N.W. Lat. S.W. Dep. Number 

Locations progressing from northwestward-most 
hole to southeastward-most hole location: 

618-A39 2,840 ft. 820 ft. 14 
618-ADH3 2,660 ft. 2,030 ft. 15 
618-A38 2,380 ft. 1,730ft. 16 
618-A31 2,280 ft. 430 ft. 17 
618-A37 2,150 ft. 1,470ft. 18 
618-A36 1,940 ft. 1,180 ft. 19 

618-A32 1,930 ft. 1,930 ft. 20 
618-A35 1,330 ft. 1,640 ft. 21 
618-A34 1,260 ft. 1,260 ft. 22 
618-ADH4 1,000 ft. 2,500 ft. 23 
618-A33 820 ft. 1,520 ft. 24 

Nole: See Sample Location Table No. 5 for reference points and reference coordinates. 
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TABLE 5 

Harmony Deposit 
Location of Test Pits and Other Salient Points 

Test Pits and 
other Points Latitude and Departure Coordinates of Locations 
Designations S.E. Lal. N.W. Lat. S.W. Dep. N.E. Dep. 

Location of Test Pits: 
618-A40 2,300 ft. 300 ft. 
618-A18 1,720 ft. 750 ft. 

Location of Other Points: 
Northwest corner of Harmony School House: 

620 ft. 2,520 ft. 
Reference "Meridian Coordinate" Roadway Crossing of White Branch: 

2,040 ft. zero zero 
Reference "Parallel Coordinate" Roadway Crossing of Little White Branch: 

zero zero 1,400 ft. 
Southwestward-most and Northeastward-most Extensions of Deposit along White 
Branch, and Northwestward and Southeastward Extensions of Deposit along reference 
"Meridian Coordinate" Roadway, respectively: 
S.W. Extension 3,020 ft. 2,900 ft. 
N.E. Extension 2,000 ft. 1,940 ft. 
N.W. Extension 3,130 ft. zero zero 
S.E. Extension 630 ft. zero zero 

Nole: Reference zero-zero point is the southeastward property corner (concrete monument) of the Harper lracl 
which corner is localed al the northwestward corner of the roadway intersection immediately southeast of the deposit 
outcrop area, and latitudes and departures are measured parallel lo these respective roadway alignments al this righl
angle "T" junction which is al an assumed elevation of 480 feel above sea level. 

TABLE 6 

Harmony deposit 
Hand Auger Drill Hole Record 
Hole designation: 618-A, DHI 

Location coordinates: Lat. 3,640 ft. NW, Dep. 320 ft. SW. 
Elevation of hole collar: 451.0 ft. Date: July 22, 1949 
Total depth of hole:· 15.0 ft. Logged by: HODB 

Sample Footage 
Number From To Feel Description and Remarks 

zero 0.75 0.75 
No sample 0.75 15.0 14.25 
taken be
cause of 
staining 

Very sandy soil cover 
Highly discolored sand-kaolin with 
particularly heavy iron stained streaks 
and red iron stained in narrow bands 
apparently along cross-bedding planes. 
Material becoming coarser grained 
with depth and hole bottom is in coarse 
grained but highly discolored material 
such as is found underlying deposit 
elsewhere in a white or less discolored 
condition 

Nole 1: No commercial material al this location. 
Nole 2: Hole location on Hill-Bullock properly fence line al point 720 ft. NW of Hill-Bullock-Rinehart tri

properly fence line corner junction. 
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TABLE 7 

Harmony Deposit 

Hand Auger Drill Hole Record 
Hole designation: 618-A, 23 

Location coordinates: Lat. 2,920 ft. NW, Dep. 300 ft. SW. 

Elevation of hole collar: 450.0 ft. Date: July 13, 1949 
Total depth of hole: 33.5 ft. Logged by: HODB 

Sample Footage 
Number From To Feet Description and Remarks 

618-A23 
618-A24 

618-A25 
618-A26 

618-A27 

618-A23Wa 

zero 0.75 0.75 Sandy soil cover 
0.75 5.0 4.25 Soil stained typical sand-kaolin getting 

progressively whiter with depth 
5.0 17.0 12.0 Typical good white sand-kaolin 

17.0 22.5 5.5 Typical good white sand-kaolin getting 
progressively wetter with increased rate 
of water seepage in hole that started 
depth of about 20.0 ft. 

22.5 27.0 4.5 Coarse grained white sand-kaolin 
27.0 30.0 3.0 Slightly discolored coarse grained 

sand-kaolin with perhaps somewhat 
less kaolin content 

30.0 33.5 3.5 Quite coarse grained and white sand
kaolin with obviously lesser kaolin con
tent 

30.0 Water sample taken here (see Note 1) 

Summation 

a . Total depth of overburden for commercial purposes : S .0 ft. 
b. Total thickness of sand-kaolin sampled: 28.S ft. 
c. Water table zone at depth of about 20.0 fl. or 430.0 ft. elention. 
d. Thickness of sand-kaolin sampled below water table zone: l 3 .5 ft. 
e. Hole bottom in white coarse grained sand-kaolin or "water sand." 
Note I : Water sample (618-A, 23Wa) taken by pumping water out through drill stem pipe with hand-operated 

diaphragh pump at rate of 2.5 gallons per minute until pump discharge became perfectly clear lo visual inspection 
of water in glass container and water lenl became constant at this pumping rate at 30 feet of hole depth. When 
unmolested, water would rise quickly to 20 feet of hole depth. 

Note 2: Hole location of lane gate at Hill-Bullock-Rinehart Lri-property fence corner junction. 

TABLE 8 

Harmony Deposit 

Hand Auger Drill Hole Record 
Hole designation: 618-A, DH2 

Location coordinates: Lat. 2,900 ft. NW, Dep. 10 ft. SW. 

Elevation of hole collar: 449.0 ft. Date: July 22, 1949 
Total depth of hole: 18.0 ft. Logged by: HODB 

Sample Footage 
Number From To Feel Description and Remarks 

zero 2.0 2.0 Very sandy soil cover. 
2.0 5.0 3.0 Yellowish stained sand-kaolin 
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Sample Footage 
Number From To Feet Description and Remarks 

5.0 11.0 6.0 Grayish sand-kaolin stained yellow in 
small spots and m general "off
colored." 

618-A28 11.0 14.0 3.0 Typical sand-kaolin though slightly 
discolored in general but no spots or 
streaks 

14.0 18.0 4.0 Iron stained sand-kaolin with some
what heavier stained spots and streaks. 

Summation 

a. Total depth of overburden for commercial purposes: 11.0 ft. 
b. Total thickness of sand-kaolin samples: 3.0 ft. 
c. Water table not penetrated. 
Note 1: Excessive staining of sand-kaolin here attributed to the close proximity of hole location to the iron-stone 

mound which outcrops some 50 ft. NE of hole (see map of Harmony deposit). 
Note 2: Hole location in Rinehart NE property fence comer. 

TABLE 9 

Harmony Deposit 

Hand Auger Drill Hole Record 
Hale designation: 618-A, 22 

Location coordinates: Lat. 2,820 ft. NW, Dep. 570 ft. SW. 
Elevation of hole collar: 438.0 ft. Date: June 22, 1949 
Total depth of hole: 22.0 ft. Logged by: HODB 

Sample 
Number From 

Footage 
To Feet 

618-A22 

zero 
0.5 
4.0 

0.5 
4.0 

22.0 

0.5 
3.5 

18.0 

Description and Remarks 

Clayey and sandy soil cover 
Soil stained sand-kaolin 
Typical good white sand-kaolin with 
much water seepage in hole. Water 
washed material out of auger at lower 
depth and thus prevented further re
coveries 

Summation 
a. Total depth of overburden for commercial purposes: 3.5 ft. 
b . Total thickness of sand-kaolin samples: 18.0 ft. 
c. Water table zone at depth of about 8.0 ft. or 430.0 ft. elevation. 
d. Thickness of sand-kaolin sampled below water table zone: 14.0 ft. 
e. Hole boltom in white coarse grained sand-kaolin or "water-sand." 
Note : Hole located 20 ft. SE of Bullock-Rinehart property line fence and in bottom of a remnant portion of a 

previous channel of White Branch . 

TABLE 10 

Harmony Deposit 

Hand Auger Drill Hole Record 
Hole designation: 618-A, HIS 

Location coordinates: Lat. 2,720 ft. NW, Dep. 160 ft. SW. 
Elevation of hole collar: 448.0 ft. Date: July 26, 1949 
Total depth of hole: 28.0 ft. Logged by: HODB 
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Sample Footage 
Number From To Feet Description and Remarks 

zero 2.0 2.0 
2.0 5.0 3.0 
5.0 9.0 4.0 

618-A H15a 9.0 13.0 4.0 
618-AH15b 13.0 20.0 7.0 

618-A H15c 20.0 28.0 8.0 

618-A H15d 28.0 33.0 5.0 

Sandy soil cover 
Heavy soil stained sand-kaolin 
Soil stained sand-kaolin 
Slightly stained typical sand-kaolin 
Slightly stained in spots with some 
slight yellowish stained streaks in other
wise typical sand-kaolin. Discoloration 
particularly concentrated in 19.5 to 
20.0 ft. of depth. Considerable water 
seepage in hole 
Typical sand-kaolin with little or no 
staining but somewhat coarser grained 
Coarse grained sand-kaolin with defi
nite yellowish color cast and perhaps 
lesser kaolin content 

• Summation 
a. Total depth of overburden for commercial purposes: 9.0 ft. 
b. Total thickness of sand-kaolin sampled: 24.0 ft. 
c. Water table zone al depth of about 18 ft. or 430.0 ft. elevation. 
d . Thickness of sand-kaolin sampled below water table zone : 15.0 ft. 
e. Hole bottom coarse grained discolored sand-kaolin or ..water sand" . 
Note: Hole location on former garden fence line immediately NW of remnant remains of the old Rinehart house 

TABLE 11 

Harmony Deposit 

Hand Auger Drill Hole Record 
Hole designation: 618-A, H16 

Location coordinates: Lat. 2,720 ft. NW, Dep. 300 ft. SW. 
Elevation of hole collar: 44 7 ft. Date: July 21, 1949 
Total depth of hole: 28 ft. Logged by: HODB 

Sample Footage 
Number From To Feet Description and Remarks 

zero 1.5 1.5 Sandy soil cover 
1.5 5.0 3.5 Soil stained sand-kaolin 

618-A Hl6a 5.0 11.0 6.0 Typical good white sand-kaolin 
618-A H16b 11.0 17.0 6.0 Typical good white sand-kaolin but 

quite moist with water seepage in hole 
618-A Hl6c 17.0 22.0 5.0 Typical good white sand-kaolin though 

somewhat coarser grained and quite 
wet 

618-A H16d 22.0 28.0 6.0 Coarse grained white sand-kaolin 
618-A H16e 28.0 28 plus ? Sample of hole bottom taken with bail

ing bucket. Only small amount of 
dominately sand recoverable. Water in 
hole washed material out of auger 

Summation 

a. Total depth of overburden for commercial purposes : 5.0 ft. 
b. Total thickness of sand-kaolin sampled : 23.0 ft. 
c. Water table zone al depth of about 17 ft. or 430.0 ft. elevation. 
d. Thickness of sand-kaolin sampled below waler table zone: 11.0 ft. 
e. Hole bottom in course grained white sand-kaolin or "water sand." 
Note: Hole located near center of abandoned field that lies immediately SW of the remnant remains of the old 

Rinehart house. 
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TABLE 12 

Harmony Deposit 

Test Pit and Hand Auger Drill Hole Record 
T est pit designation: 618-A, 40 

Auger hole designation: 618-A, 20 

Location coordinates: Lat. 2,300 ft. NW, Dep. 300 ft. SW. 
Elevation test pit and hole collar: 430 ft. Dates Aug. 25-26, and 
Total depth of test pit and hole: 22.0 ft. June 8-22, 1949 

Logged by: HODB 
Sample 

Number From 
Footage 

To Feel Description and Remarks 

618-A40 

618-A20 

618-A21 

zero 

zero 

10.0 

8.0 

10.0 

22.0 

8.0 

10.0 

12.0 

Test Pit 618-A, 40 
Typical good white sand-kaolin, all 
quite moist but little water seepage in 
hole (see Note 1) 

Auger Hole 
Typical good white sand-kaolin; get
ting coarser grained with some water 
seepage in hole 
Typical good white sand-kaolin for 
most part but much coarser grained 
and slight staining between 19.0 and 
20.0 ft. depth and with much water in 
hole 

Summation 

a . Total depth of overburden for commercial purposes: None. 
b. Total thickness of sand-kaolin sampled: 22.0 fl. 
c. Waler table zone al hole collar and all material from below this. 
d. Hole bollom in while coarse grained sand-kaolin or "waler sand." 
Nole I: Test pil 3 fl . wide by 6 fl. long and 8 fl. deep dug by hand with pick and shovel. Approximately one 

Lon of syslcmalically sampled material taken for a bulk sample. Material was surprisingly compact and difficult to 
dig and much less waler seeped into hole than anticipated here al and below waler table zone. 

Nole 2: Tesl pil and hole location in bollom of main channel of While Branch immediately south of the remnant 
remains of the structures that mark the old Rinehart barnyard lot and some 100 ft. upstream from the Rinehart 
place private ford or stream channel crossing of White Branch. 

TABLE 13 

1-Iarmony Deposit 

Test Pit and Hand Auger Drill Hole Record 
Test Pit designation: 618-A, 18 

Auger hole designation: 618-A, 19 

Location coordinates: Lat. 1,720 ft. NW, Dep. 750 ft . SW. 
Elevation of test pit collar: 450.0 ft. Date : June 8, 1949 
Total depth of test pit and hole : 18.0 ft. Logged by : HODB 

Sample Footage 
N umber From To Feet Description and Remarks 

Test Pit 
zero 0.5 0.5 Sand and sandy soil cover 
0.5 2.0 1.5 Sandy clay lying on the irregular sur

face of underlying sand-kaolin but with 
fairly sharp contact 
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Sample Footage 
Number From To Feet Description and Remarks 

618-AlS 2.0 10.0 8.0 White sand-kaolin disclosing the char
acteristics cited in Note 2. Sample 
taken by channeling down pit walls or 
faces in several parts of pit. 

Auger Hole 

618-A19 10.0 18.0 8.0 White sand-kaolin as above 

Summation 

a. Total depth of overburden for commercial purposes: 2.0 ft. 
b. Total thickness of sand-kaolin sampled: 16.0 ft. 
c . Water table not penetrated. 
d. Hole bouom in typical good white but coarser grained sand-kaolin. 
Note 1: Pit and bole location some 100 ft. SE and NE, respectively, of Harper-Rinehart-Stephens lri-properly 

fence line comer south of White Branch and east of Lillie White Branch. 
Nole 2: Test pit faces disclose traces of irregular joint structure as emphasized by thin mats of plant roots and 

plant root remains along joint planes that may or may not be cross-bedding planes. These faces also show a widely 
dispersed dotting of fairly hard round nodules high in red iron oxide content as one-eighth lo one inch diameter 
"bulbs" on some of the plant roots that penetrate the sand-kaolin outside of the joint planes. Sand-kaolin here also 
discloses a dispersed peppering of black ferruginous rutile crystalline grains. 

Note 3 : Test pit dug by power drag-line shovel. It was some 15 ft . wide by 20 ft. long and a total of 10 ft. deep 
al time of sampling. Sampling done while lest pit was being dug in order lo obtain "fresh" material. 

TABLE 14 

Harmony Deposit 

Power Auger Drill Hole Record 
Hole designation: 618-A, 39 

Location coordinates: Lat. 2,840 ft. NW, Dep. 820 ft. SW. 
Elevation of hole collar: 442.0 ft. Date: August 24, 1949 
Total depth of hole: 50.0 ft. Logged by: HODB 

Sample Footage 
Number From To Feel Description and Remarks 

zero 10.0 10.0 
10.0 20.0 10.0 

618-A39a 20.0 30.0 10.0 

618-A39b 30.0 40.0 10.0 
40.0 50.0 10.0 

Alluvial fill clayey sand 
Sand-kaolin but with considerable 
staining as though with dirt and soil 
and hole penetrated the water table 
zone at about 12 ft. 
Typical good white sand-kaolin with 
enough kaolin content to give good re
covery 
Same as above, recovery good 
Apparently in underlying coarse 
grained "water sand" with too poor a 
kaolin content to give any recovery 
except traces to hint at material cut 

Summation 

a. Total depth of overburden for commercial purposes : 20.0 ft. 
b. Total thickness of sand-kaolin sampled: 20.0 ft. 
c. Water table zone al depth of about 12 ft. or 430 ft. ele'8lion. 
d. Thickness of sand-kaolin sampled below waler table: 20 ft. 
e. Hole bottom believed lo be in white coarse grained sand-kaolin or typical underlying "waler sand." 
Nole: Hole location on southward bank of White Branch on eastward &ide of fence al Bullock-Rinehart properly 

fence line ftood-gate crossing White Branch. 
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TABLE 15 

Harmony Deposit 

Power Auger Drill Hole Record 
Hole designation: 618-A, DH3 

Location coordinates: Lat. 2,660 ft. NW, Dep. 2,030 ft. SW. 
Elevation of hole collar: 440 ft . Date: August 11, 1949 
Total depth of hole : 30 ft. Logged by: HODB 

Sample Footage 
Number From To Feel Description and Remarks 

zero 10.0 10.0 Indurated red shale-like clay 
No samples 10.0 20.0 10.0 Highly discolored and heavy stained 
taken because sand-kaolin; water seepage at about 
of staining 10 ft. depth 
and lack 
of recovery 20.0 30.0 10.0 Coarse-grai1'ed sand-kaolin too low in 

kaolin content to permit sample re
covery 

Note I: No commercial malerial al this location . 
Nole 2: Water table zone encountered at IO ft. of depth or 430 ft . elevation . 
Note 3 : Hole location some 100 ft. easlward of Bullock-Rinehart-Stephens lri-properly fence line corner on 

southward bank of White Branch. 
Note 4 : See description of surface channel samples 618-A, 30a and 30b taken from nearby outcrop in th& channel 

of White Branch at Lat. 2,800 fl. N .W. and Dep. 2,020 ft. SW. 

TABLE 16 

Harmony Deposit 
Power Auger Drill Hole Record 

Hole designation: 618-A, 38 

Location coordinates: Lat. 2,380 ft. NW, Dep. 1,730 ft. SW. 
Elevation of hole collar: 455 ft. Date: August 24, 1949 
Total depth of hole : 50 ft. Logged by: HODB 

Sample Footage 
Numbt-r From To Feel Description and Remarks 

zero 10.0 10.0 Soil and soil stained sand-kaolin 
618-A38a 10.0 20.0 10.0 Fairly good white typical sand-kaolin 

with good kaolin content to give good 
recovery 

618-A38b 20.0 30.0 10.0 Sand-kaolin with some slight staining 
and encountered water seepage at 
about 25 ft. depth 

618-A38c 30.0 35.0 5.0 Good white sand-kaolin with typical 
kaolin content sufficient for permitting 
good recovery 

618-A38d 35.0 50.0 15.0 Yellowish stained coarse grained 
underlying "water sand" with poor 
sample recovery 

Summation 
a. Total deplh of o•·erburden for commercial purposes: IO fl. 
b. Total thickness of sand-kaolin sampled: 40 ft. 
c. Water table zone al deplh of about 25 ft. or 430 fl. elevation. 
d. Thickness of sand-kaolin sampled below waler table zone: 25 ft. 
e . Hole bottom in yellow stained coarse grained sand-kaolin or "waler sand ." 
:\'ote: Hole location some 400 ft. eastward of Bullock-Rinehart-Stephens lri-property fence line corner junction 

and immediately on lop of physiographic berm above the alluvial fill flood-plain of While Branch on Rinehart place . 
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TABLE 17 

Harmony Deposit 

Power Auger Drill Hole Record 
Hole designation: 618-A, 31 

Location coordinates: Lat. 2,280 ft. NW, Dep. 430 ft. SW. 
Elevation of hole collar: 440 ft. Date: August 10, 1949 
Total depth of hole: 40 ft. Logged by: HODB 

Sample Footage 
Number From To Feet Description and Remarks 

zero 10.0 10.0 Alluvial fill clayey sand 
618-A31a 10.0 30.0 20.0 Typical good white sand-kaolin with 

good recovery and water seepage in 
hole at about 10 ft. depth 

618-A31b 30.0 40.0 10.0 Typical good white sand-kaolin with 
good recovery for most part but coarse 
grained material of lower kaolin con
tent near bottom giving poor recovery 
near bottom 

Summation 
a. Total depth of overburden for commercial purposes: 10 ft. 
b. Total thickness of sand-kaolin sampled: 30 ft. 
c. Water table zone al depth of about 10 ft. or 430 ft. elevation. 
d. Thickness of sand-kaolin sampled below water table zone: 30 ft. 
e. Hole bottom in white coarse grained sand-kaolin or "water sand." 
Note: Hole location on southward bank of White Branch on alluvial flood-plain south of remnant remains of 

old Rinehart barnyard structures. 

TABLE 18 

Harmony Deposit 

Power Auger Drill Hole Record 
Hole designation: 618-A, 37 

Location coordinates: Lat. 2,150 ft. NW, Dep. 1,470 ft. SW. 
Elevation of hole collar: 455 ft. Date: August 23, 1949 
Total depth of hole: 60 ft. Logged by: HODB 

Sample Footage 
Number From To Feel Description and Remarks 

zero 5.0 5.0 Soil and soil stained sand-kaolin 
618-A37a 5.0 10.0 5.0 Slightly soil stained sand-kaolin 
618-A37b 10.0 15.0 5.0 Typical good white sand-kaolin with 

typical kaolin content that gave very 
good recovery 

618-A37c 15.0 20.0 5.0 Same as above in detail 
618-A37d 20.0 25.0 5.0 Same as above in detail 

25.0 (Water table zone) 
618-A37e 25.0 30.0 5.0 Same as above in detail 
618-A37f 30.0 40.0 10.0 Slightly yellowish stained sand-kaolin 
618-A37g 40.0 50.0 10.0 Less discoloration than above but littl(' 

recovery of sample 
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Sample Footage 
Number From To Feet Description and Remarks 

·618-A37h 50.0 53.0 3.0 Poor recovery of white coarse grained 
sand-kaolin or "water sand" 

618-A37j 53.0 56.0 3.0 Same as above in detail 
618-A37k 56.0 60.0 4.0 Same as above in detail 

Summation 

a. Total depth of ov.,~buroen for commercial purposes: 5 ft. (plus?) 
b. Total thickness (commercial) of sand-kaolin sampled: 25 ft. (minus?) 
c. Water table zone at depth of about 25 ft. or 430 ft. elevation. 
d. Thickness of sand-kaolin (commercial) sampled below water table zone: 5 ft. 
e. Hole bottom in white coarse grained sand-kaolin or "water sand." 
f. Total thickness of material sampled: 55 ft. 

Note: Hole location at west edge of Rinehart-Stephens private interproperty lane trailway and immediately on 
top of physiographic berm above the alluvial fill flood-plain of White Branch on Rinehart place. 

TABLE 19 

Harmony Deposit 

Power Auger Drill Hole Record 
Hole designation: 618-A, 36 

Location coordinates: Lat. 1,940 ft. NW, Dep. 1,180 ft. SW. 
Elevation of hole collar: 452 ft. Date: August 23, 1949 
Total depth of hole: 60 ft. Logged by: HODB 

Sample Footage 
Number From To Feet Description and Remarks 

zero 2.0 2.0 Yellow sandy soil cover 
2.0 7.0 5.0 Soil stained sand-kaolin 

618-A36a 7.0 10.0 3.0 Somewhat less soil stained sand-kaolin 
618-A36b 10.0 15.0 5.0 Slightly stained sand-kaolin 
618-A36c 15.0 20.0 5.0 Fairly good white sand-kaolin 
618-A36d 20.0 25.0 5.0 Typical good white sand-kaolin with 

water seepage at about 22 ft. 
618-A36e 25.0 30.0 5.0 Same as above in detail 
618-A36f 30.0 55.0 25.0 Coarse grained white sand-kaolin but 

so poor in kaolin content that almost 
no sample material was recovered or 
else water in hole washed kaolin out 

618-A36g 55.0 60.0 5.0 Yellow stained coarse-grained sand-
kaolin 

618-A36h ? 60.0 ? Bailing bucket hole slurry sample taken 
after finishing drilling (quite "thick" 
slurry) 

Summation 

a. Total depth of overburden for commercial purposes: 7 ft. (plus?) 
d. Thickness of sand-kaolin (commercial) sampled below water table zone: 8 ft. 
c. Water table zone at depth of about 22 ft. or 430 ft. elevation. 
d. Thickness of sand-kaolin (commercial) sampled below water table zone: 8 ft. 
e. Hole bottom in yellow coarse grained sand-kaolin or "water sand." 
£. Total thickness of material sampled: 53 ft. 
Note: Hole location 20 ft. NW of Stephens-Rinehart property fence line and immediately on top of physiographic 

berm above alluvial flood-plain of White Branch on Rinehart place. 
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TABLE 20 

Harmony Deposit 

Power Auger Drill Hole Record 
Hole designation: 618-A) 32 

Location coordinates: Lat. 1,930 ft. NW, Dep. 1,930 ft. SW. 
Elevation of hole collar: 458 ft. Date: August 11, 1949 
Total depth of hole: 60 ft. Logged by: HODB 

Sample Footage 
Number From To Feel Description and Remarks 

zero 2.0 2.0 Yellow sandy soil cover 
2.0 6.0 4.0 Reddish indurated shaly clay 
6.0 10.0 4.0 Stained sand-kaolin 

618-A32a 10.0 20.0 10.0 Typical good white sand-kaolin with 
good sample recovery 

618-A32b 20.0 30.0 10.0 Same as above in detail and with water 
seepage at about 28 ft. 

618-A32c 30.0 40.0 10.0 Same as above in detail 
618-A32d 40.0 50.0 10.0 Same as above but appears to be get

ting coarser grained 
618-A32e 50.0 55.0 5.0 White coarse grained sand-kaolin with 

fair sample recovery but much thick 
slurry in hole 

618-A32f 55.0 60.0 5.0 Ball-like plastic clay of a typical 
Wilcox plastic clay character 

Summation 

a. Total depth of overburden for commercial purposes: 10 ft. 
b. Total thickness (commercial) of sand-kaolin sampled: 45 ft. 
c. Water table zone al depth of about 28 ft. or 430 ft. elevation. 
d. Thickness of sand-kaolin (commercial) sampled below waler table zone : 27 ft . 
e. Hole bollom in a ball-like plastic clay. 
£. Total thickness of material sampled: 50 ft. 

Note: Hole location al Rinehart SW property fence line corner junction common with Stephens tract. 

TABLE 21 

Harmony Deposit 
Power Auger Drill Hole Record 

Hole designation: 618-A, 35 

Location coordinates: Lat. 1,330 ft. NW, Dep. 1,640 ft. SW. 
Elevation of hole collar: 460 ft. Date: August 22, 1949 
Total depth of hole: 60 ft. Logged by: HODB 

Sample Footage 
Number From To Feel 

618-A35a 
618-A35b 
618-A35d 

618-A35e 

zero 
1.0 

6.0 
10.0 
20.0 

30.0 

1.0 
6.0 

10.0 
17.0 
30.0 
30.0 

40.0 

1.0 
5.0 

4.0 
7.0 

10.0 

10.0 

Description and Remarks 

Yellow sandy soil cover 
Stained sand-kaolin progressing rapid
ly to virtually unstained 
Fine grained white sand-kaolin 
Same as above 
Typical good white sand-kaolin 
(Water table zone) 
Same as above with water seepage in 
hole 
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Sample Footage 
Number From To Feet Description and Remarks 

618-A35f 40.0 50.0 10.0 Same as above in detail 
618-A35g 50.0 60.0 10.0 White coarse grained sand-kaolin that 

appears unusually good though sample 
recovery was only one third of the 
above but with a very "thick" slurry in 
hole 

Summation 
a. Total depth of overburden for commercial purposes: 6 ft. 
b. Total thickness of sand-kaolin sampled : 54 ft. 
c. Water table zone at depth of about 30 ft. or 430 ft. elevation. 
d. Thickness of sand-kaolin sampled below water table zone: 30 ft. 
e. Hole bottom in good white coarse grained sand-kaolin or "water sand." 
Note: Hole location near center of Stephens place eastern virgin woods tract al southward edge of faint NE-SW 

traversing woods trail at point some 400 ft. SW of Little White Branch. 

TABLE 22 

Harmony Deposit 
Power Auger Drill Hole Record 

Hole designation: 618-A, 34 

Location coordinates: Lat 1,260 ft. NW, Dep. 1,260 ft. SW. 
Elevation of hole collar: 458 ft. Date: August 20, 1949 
Total depth of hole: 50 ft. Logged by HODB 

Sample Footage 
Number From To Feel Description and Remarks 

zero 1.5 1.5 Yellow sandy soil cover 
1.5 5.0 3.5 Soil stained sand-kaolin 

618-A34a 5.0 10.0 5.0 Fine grained white sand-kaolin 
618-A34b 10.0 15.0 5.0 Yellow stained sand-kaolin with good 

sample recovery 
618-A34c 15.0 20.0 5.0 Same as above 
618-A34d 20.0 25.0 5.0 Slightly yellow stained and typical 

medium grained sand-kaolin with good 
recovery 

618-A34e 25.0 30.0 5.0 Typical good white sand-kaolin with 
water seepage at about 28 ft. 

618-A34f 30.0 40.0 10.0 Same as above with good sample 
recovery 

618-A34g 40.0 50.0 10.0 Yellow stained coarse grained sand-
kaolin giving very little sample re
covery 

Summation 
a. Total depth of overburden for commercial purposes: 20 ft. 
b. Total thickness (commercial) of sand-kaolin sampled: 20 ft. 
c. Waler table zone at depth of about 28 ft. or 430 ft. elevation. 
d. Thickness of sand-kaolin (commercial) sampled below water table zone: 12 ft. 
e. Hole bottom in yellow coarse grained sand-kaolin or "water sand." 
f. Total thickness of material sampled: 45 ft. 

Note I: Hole location on westward bank of Little White Branch al point about midway on branch course through 
Stephens place eastern virgin woods tract. 

Note 2: An examination of the sand-kaolin outcrop in the nearby channel of Little White Branch where some 
IO ft. of vertical height exposures exist (that are equivalent lo about the 5 ft. to 15 ft. depths of this hole) discloses 
that in the lower 5 ft. of this section the sand grains of the cross-bedded sand-kaolin are heavily coated with red 
iron oxide films; also that a few iron oxide replacements of tree sections show in the bottom of this branch 
channel; and that this type of phenomenon extends for a distance of about 20 ft. downstream from hole location 
to about 30 ft. upstream where same phenomenon terminates abruptly in both directions and the sand-kaolin 
becomes normal typical good white material. 
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TABLE 23 

Harmony Deposit 

Power Auger Drill Hole Record 
Hole designation: 618-A, DH4 

Location coordinates: Lat. 1,000 ft. NW, Dep. 2:500 ft. SW. 
Elevation of hole collar: 461 ft. Date: August 18, 1949 
Total depth of hole: 40 ft. Logged by: HODB 

Sample Footage 
Number From To Feet 

zero 
2.0 

2.0 
20.0 

2.0 
18.0 

No samples 
taken 

20.0 35.0 15.0 

35.0 40.0 5.0 

Description and Remarks 

Yellow sandy soil cover 
Indurated red shaly sandy clay un
usually hard and tough to drill 
Red sand containing nominal percent
age of kaolin and with water seepage 
at about 31 ft . of depth 
Ball-like plastic clay of a character 
typical of the Wilcox plastic clays 

Summation 
a . No commercial material at this location . 
b. Water table zone encountered at about 31 ft. of depth or 430 ft . elevation. 
Nole: Hole location at west edge of Rinehart-Stephens private interproperly !railway at point where this trail 

enters the east virgin woods tract on the Stephens place. 

TABLE 24 

Harmony Deposit 

Power Auger Drill Hole Record 
Hole designation: 618-A, 33 

Location coordinates: Lat. 820 ft. NW, Dep. 1,520 ft. SW. 
Elevation of hole collar: 459 ft. Date: August 19, 1949 
Total depth of hole: 50 ft. Logged by: HODB 

Sample Footage 
Number From To Feet Description and Remarks 

zero 1.0 1.0 Dark sandy soil cover 
1.0 5.0 4.0 Clayey loam 
5.0 15.0 10.0 Sandy clay 

15.0 20.0 5.0 Black lignitic sandy clay 
618-A33a 20.0 40.0 20.0 Typical good white sand-kaolin though 

upper portion finer grained and water 
seepage in hole at about 29 ft. of depth 

618-A33b 40.0 50.0 10.0 Alternating good white and yellow 
stained sand-kaolin with good sample 
recovery 

Summation 

a . Total thickness of overburden for commercial purposes: 20 ft. 
b. Total thickness (commercial) of sand-kaolin sampled : 20 ft. 
c. Water table zone at depth of about 29 ft. or 430 ft. elevation. 
d. Thickness of sand-kaolin (cc;immercial) sampled below waler table zone: 11 ft. 
e . Hole bottom in partly yellow stained sand-kaolin. 
f . Total thickness of material sampled: 30 ft. 

Note : Hole location on westward bank of Little White Branch al SE corner or edge of east virgin woods tract 
on Stephens place. 
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TABLE 25 

Harmony Deposits 

Summary of Drill Hole Records 

Recorded Location Coordinates Thicknesses for Commercial Sand-Kaolin 
in Table In Hundreds of Feel Commercial Purposes Water-Table Relationships 

Hole Feel of Feel of Depth lo Thickness Sand-Kaolin 
Designation Number N.W. Lat. S.W.Dep. Overburden Sand-Kaolin Waler Table Above Below 

618-A DHl 6 36.4 3.2 none 
618-A 23 7 29.2 3.0 5.0 28.5 20.0 15.0 13.5 
618-ADH2 8 29.0 0.1 11.0 3.0 3.0 
618-A 22 9 28.2 5.7 3.5 18.0 8.0 4.0 14.0 
618-A H15 10 27.2 1.6 9.0 24.0 18.0 9.0 15.0 
618-A Hl6 11 27.2 3.0 5.0 23.0 17.0 12.0 11.0 
618-A 20 12 23.0 3.0 0.0 22.0 0.0 0.0 22.0 
618-A 19 13 17.2 7.5 2.0 16.0 16.0 
618-A 39 14 28.4 8.2 20.0 20.0 12.0 0.0 20.0 
618-A DH3 15 26.6 20.3 none 
618-A 38 16 23.8 17.3 10.0 40.0 25.0 15.0 25.0 
618-A 31 17 22.8 4.3 10.0 30.0 10.0 0.0 30.0 
618-A 37 18 21.5 14.7 5.0 25.0 25.0 20.0 5.0 
618-A 36 19 19.4 11.8 7.0 23.0 22.0 15.0 8.0 
618-A 32 20 19.3 19.3 10.0 45.0 28.0 18.0 27.0 
618-A 35 21 13.3 16.4 6.0 54.0 30.0 24.0 30.0 
618-A 34 22 12.6 12.6 20.0 20.0 28.0 8.0 12.0 
618-A DH4 23 10.0 25.0 none 
618-A 33 24 8.2 15.2 20.0 20.0 29.0 9.0 11.0 

Simple averages (excluding the essen
tially "dry holes" of DHl, DH2, DH3 
and DH4, which are all located at or 
beyond the perimeter of the deposit): 9 ft. 27 ft. 19 ft. 10 ft. 17 ft. 

Tonnage Estimate 

On the basis of the sampling and drill hole logs, as submitted by Mr. 
DeBeck in the foregoing field data, he offers the conjecture that the entire 
Harmony deposit contains over 15 million tons of total recoverable ma
terial. The Trinity Portland Cement Company has purchased fifty acres, 
which is probably included in this estimate. This company has been ship
ping sand-kaolin to its plant in Houston and is operating a pit which fully 
demonstrates the uniform character of the sand-kaolin deposit. This com
pany estimates at their present rate of use, which is fifteen carloads per 
week, that their property would support an operation of 7 5 or prob
ably 100 years. This would entail a consumption of five million tons over 
such period. 

On the basis of the estimate of fifteen million tons, there would be suffi
cient quantity in the ten million tons remaining to support an operation 
of fifteen cars per week for a period of 200 years. It is very likely that a 
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processing plant would utilize approximately this amount, at least in its 
initial operation. The products of such an operation would be ten to twelve 
carloads of glass sand, and three to five carloads of kaolin per week. 

Data on Sand Content 

Since little reference to the sand content has been made thus far, it is 
deemed logical to insert at this point data pertaining to the silica sand 
content. Of particular interest to the glass manufacturer is the screen 
analysis and the chemical analysis, particularly as it pertains to the content 
of iron oxide ( F e203 ) • The field men who assisted Mr. DeBeck conducted 
screen analysis on samples of sand obtained from various sand samples 
brought in by Mr. DeBeck. Mr. DeBeck compiled this data and submitted 
the following graphs: 
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Chemical Analysis of Sands 

The following report of analyses was submitted by D. A. Schofield of 
the Research Lab. staff. Sample analyzed represents combined sands from 
the washing of Samples 618-A4, A5, A6, A7, AB, A9. 

Exp.XVI Exp. XVII Exp. XVIII 

Si02 ---- - -- -- - -- -- - - --------- ----- -----· · · 99.22 99.08 99.16 
Al 20 3 -- -- -- ---- -- - ---- --------- --- -- -- -- --  .32 .34 .20 
Fe20 3 --··· ·· ·· ·· -····------ -------·· ·······- ----  .04 .04 .03 

Ti02 ------ --······· ·······- ------ ·------ --- -· .06 .04 .04 
Cao ·--- ----- ------------- ----- -- ----- --------- .04 .05 .02 
MgO ... .___ ___________ _____ ___ ______ _______ ________ _ .06 .07 .05 
Loss on Ignition .... .... .. .. ...... .. ...... . .20 .21 .20 

99.94 99.70 99.70 

Experiments XVI and XVII represent ordinary hand-washing, experi
ment XVIII represents rewashing with intense agitation. 

Remarks 

As is obvious from both screen analyses and chemical analyses, the sand 
portion of this deposit easily meets the specifications of commercial glass 
sand. While the production of sand as an adjunct to kaolin would be small 
as compared to the consumption by glass plants of the area, the sand would 
be available with a freight advantage that should assure a ready market. 

Mineralogical Examination of Harmony Samples 

Numerous samples of Wilcox kaolins from the Harmony area, both 
crude and beneficiated, were studied with the petrographic and electron 
microscopes, by X-ray diffraction and by DTA in an effort to determine 
their mineral constitution. Sample Nos. 618-A-35a and 618-A-35g were 
selected from the results of the above tests as being representative of the 
group. The data on these materials are presented in some detail. Data are 
presented also on a kaolinite from Cornwall, England, and on a commer
cial kaolin, Putnam kaolin. These latter are presented as a basis of com
parison. The two Wilcox samples reported here were beneficiated by wash
ing and had a maximum grain size of approximately 10 microns. 

Microscopic Examination.-The microscopic examination of the sam
ples which was made by E. J. Weiss revealed the material to be composed 
principally of very small, platey crystals having a mean index of refrac
tion of approximately 1.56-1.57 which agrees with that for kaolinite. 
There was evidence of a staining substance being present, probably com
posed of ferruginous and organic compounds. Sample No. 618-A-35a 
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contained more of this staining material than No. 618-A-35g. There was 
also evidence of quartz in small amounts plus an even smaller amount of 
muscovite mica; these two accessory minerals, particularly quartz, were 
more prevalent in sample No. 618-A-35g than in No. 618-A-35a. 

In both samples the finely divided platey material was definitely identi
fied as kaolinite. 

X-Ray Studies.-X-ray diffraction patterns of these two samples as well 
as of the commercial kaolin and of the pure kaolinite from Cornwall, Eng
land, were obtained by E. J. Weiss using the Norelco Spectrometer. These 
patterns are shown in Fig. 1. A list of the interplanar spacings for these 
four samples is presented in following Table 26. In Fig. 1, samples Nos. 
618-A-35a and 618-A-35g show the presence of quartz as indicated by 
the position and height of the peak marked "Q." The relative difference 
in height of the peaks marked "Q" indicates a greater amount of quartz 
present in 618-A-35g than in 618-A-35a. It will also be noted that the X
ray pattern of the commercial kaolin, Putnam, shows the presence of 
quartz. 

There is a great similarity of the X-ray patterns for the pure Cornwall, 
England, kaolinite and the samples of the beneficiated Wilcox material. 
This confirms the identification of the clay samples Nos. 618-A-35a and 
6 l 8-A-35g, as being predominantly composed of kaolinite. 

Differential Thermal Analysis.-Typical thermograms of the benefici
ated Wilcox kaolins are shown in Figs. 2A and 2B. The thermal analyses 
were made by R. L. Stone with equipment of approximately the same 
design and sensitivity as that employed by Kerr et al.* The 600° endo
therm and the 980° exotherm of kaolinite represent very strong reactions 
and with the high sensitivity equipment the loops would not be completely 
on the chart paper. A device was used to change the sensitivity of the 
recorder in the ratio of about 3 : 1 over desired intervals, thereby making 
it possible to take advantage of the high sensitivity for weak reactions oc
curring near the center zero of the chart and, at the same time, to keep 
the trace of the strong reactions on the chart. The changes from high to 
low and low to high sensitivity are responsible for the abrupt changes in 
position of the loops; the beginning and end of the loop are on high sen
sitivity, and the central portion of the loop is on low sensitivity. 

For the purpose of discussion, the thermogram of the Cornwall kaolin
ite, Fig. 2C, is considered as the standard for pure kaolinite, and the 
thermograms of the two Wilcox samples are compared to it. The thermo
gram of Putnam kaolin is included because Putnam is similar to the Wil

* P. F. Kerr, J. L. Kulp, and P. K. Hamilton; "Differential Thermal Analysis of 
Reference Clay Mineral Specimens," Preliminary Report No. 3, Amer. Petroleum 
Inst., Proj. 49, 1949. 
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cox materials in many physical properties and its thermogram is also quite 
similar. 

The standard thermogram shows three characteristic features: ( 1) a 
very strong endotherm which starts at about 300° C., peaks at 610° to 
620° C., and returns to zero at about 700° C.; (2) a very sharp, intense 
exotherm which peaks at 980° to 985 ° C.; and (3) a sloping exothermic 
effect between 700° and 960° C. Basically, the thermograms of the Wilcox 
kaolin specimens showed these features plus several minor deviations as 
noted below. 

The Wilcox specimens, Nos. 618-A-35a and 618- A-35g, show a mod
erate endotherm with its peak at about 110° C. which is not characteristic 
of "well crystallized" kaolinite. Heat absorption in this range is generally 
attributed to either the presence of halloysite or to the kaolinite being 
poorly crystallized and extremely fine grained. Electron micrographs of 
the Wilcox kaolins indicate that the kaolinite crystals are perfectly shaped 
but extremely small, and rods of halloysite are totally absent. 

The large 600° endotherm of the Wilcox kaolins differs from the stand
ard in intensity and in shape, but not in position. In all the Wilcox samples, 
the peak intensity is greater than in the standard and the return-to-zero 
side of the endotherm is considerably steeper than that for usual kaolinite, 
both of these features being more characteristic of halloysite. But, again, 
the electron micrographs did not show the presence of typical halloysite 
rods, hence, the steepness and intensity are possibly associated with ex
treme fineness of particles. 

The beginning side of the 600° endotherm of sample No. 618-A-35a 
shows a definite inflection at 400° C. which is not characteristic of kaolin
ite, but which is characteristic of most of the Wilcox samples. The cause 
of this small 400° endotherm is not definitely known at this time, but it is 
possibly to be attributed to a small amount of one of the aluminum hydrox~ 
ides which are found in laterites. 

There is a second non-kaolinite inflection in the 600° endotherm of the 
Wilcox kaolins; this is the slight dip at about 750° C. Sample No. 618-A~ 
35g shows this particularly well. The cause of this inflection is not known, 
but a small quantity of either dickite or montmorillonite could be respon
sible. The electron micrographs showed no clear evidence of montmo
rillonite. Dickite cannot be differentiated from kaolinite with the electron 
microscope. 

Small amounts, perhaps less than 5%, of the above associated minerals 
would cause the extraneous inflections. These amounts of dickite and alu
minum hydroxide would not be detrimental; in fact, they may be respon
sible for some of the good characteristics of the Wilcox kaolins. 

There is a slight non-kaolinite endotherm that appears in the thermo
grams of sample No. 618-A-35a at 150° C. on the return-to-zero side of 
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the 110° endotherm. It is due to an insignificant amount (about 0.1 % ) 
of plaster which contaminated the specimen when the slip was dried in 
plaster molds. 

The intense 980° exotherms and the exothermic effects between 7 50° 
and 960° C. of the Wilcox kaolins show no deviations from the standard. 

TABLE 26 

Cornwall, England Putnam 
618-A-3Sa 618-A-3Sg Kaolinite Kaolin 

Intensity Spacing Intensity Spacing Intensity Spacing Intensity Spacing 

vvs 7.00 vvs 7.08 vvs 7.00 vvs 7.15 
ms 
ms 

4.40} 
4.32 

ms 
ms 

4.40}
4.31 ms 4.32 

ms 
ms 

4.43} 
4.32 

m 4.19 m 4.20 m 4.15 m 4.415 
w 3.82 w 3.81 m 3.80 m 3.835 
s 3.55 s 3.55 3.56 3.565 
mw 3.34 ms 3.34 mw 3.35 mw 3.345 
m 2.53 m 2.535 m 2.53 m 2.54 
m 2.472 m 2.475 m 2.475 m 2.485 

vw 2.36 
ms 2.334 ms 2.338 ms 2.335 ms 2.338 
w 2.28 w 2.285 w 2.285 w 2.290 
vw 2.02 vw 2.028 vw 2.19 
mw 1.99 w 1.987 mw 1.99 mw 1.990 

w 1.93 w 1.940 
vw 1.82 vw 1.84 vw 1.842 
vw 1.79 vw 1.79 vw 1.680 

m 1.668 m 1.665 m 1.665 
w 1.62 w 1.624 

w 1.535 m 1.54 mw 1.54 mw 1.540 
m 1.487 ms 1.486 ms 1.49 ms 1.490 

Electron Micrograph Data; Preparation of Specimens and Procedure.
Procedures were worked out under the direction of Mrs. Mavis McCor
mick who also directed the taking of the electron micrograph photographs. 
Cooperating in this work was F. C. Maseles of the ceramic research lab
oratory staff. 

Specimen films were prepared with 2 drops of 4% Parlodian in Amyl 
Acetate on distilled water surface. Specimen screens were dropped on 
floating film and screens and film picked up on clean glass slide. Clays 
were dispersed in water using the minimum amount of Calgon to obtain 
dispersal. A single drop of the well-shaken sample was placed in a watch 
glass and diluted to proper concentration with distilled water. Proper con
centration can only be determined by trial. Once several good slides have 
been made, it becomes easy to judge a proper concentration by sight. The 
mixture was agitated with eye dropper and immediately one drop placed 



76 THE UNIVERSITY OF TEXAS PUBLICATION 
r- -i - -

M • 

I. 

Kaolinite 
Cornwall, Eng. 

618-A-35a 
K=Kaolinite 
Q=Quartz 

Putnam 
Kaolin 

- . . 1 

618-A-35g 

,--~··-

-j 

K=Kaolinite 
O=Ouartz r ~ 

fIO l,J RE i 

K K -" 



77 WILCOX SAND-KAOLINS OF NORTHEASTERN CENTRAL TEXAS 

F---- -: · 

No.618 A .35 ct r-m-.s1 
0 0 

. 
0 

No. 618 A JSg T-ZO-Sf 

0 

.. 
0 

.. 
0 

g I 

I 

A B 
;:; ;:; • O ;:; ;:; 

Cornwall kaolin 4~ZO-SI 

w 

Putnam kaolin 
0 

~ 

8-Zd-.SI 

0 

!! ~ ~ i 

K K K K 

_8-. I 

I 

D 
Q 

g g 

• 
~c 

..

" 
FIGURE 2 



78 THE UNIVERSITY OF TEXAS PUBLICATION 

on specimen screen. Haste here is important--it was observed that if too 
much time elapses between dilution and application to screen, a satis
factorily dispersed specimen will not be obtained. 

It was learned that the use of a wetting agent applied to the drop on 
specimen screen aids considerably in preparation of satisfactory specimen. 
Aerosol OT85 % was applied to drop on screen by touching drop with a 
wire having a minute amount of this agent on its end. 

The liquid was allowed to stand on the screen for 2 min. after which 
time the liquid was removed by blotting around the edge of the screen. 
Screen was then dried 20 min. beneath a 60-watt lamp at 3 inches and 
then placed in microscope. It was found necessary to "age" films in the 
microscope under approximately 1/5 normal electron illumination for 5 
to 10 min. before applying full working illumination. When this was not 
done the film was rapidly destroyed. 

The black circles shown in prints are spheres of Dow Styrene Latex hav
ing a uniform diameter of 2590 x 10-1 mm. and serve as calibration points 
for judging particle size. 

Micrographs of Kaolin.-Four micrographs are shown herewith. Mi
crograph A was taken of a typical commercial kaolin produced in Florida 
by the Edgar Plastic Kaolin Company. The range of particle size in this 
micrograph is very similar to that occurring in the unfractionated Wilcox 
kaolin. (See Micrograph B). Micrograph C was taken from a sample of 
slip suspension in which a sample of Wilcox kaolin had been greatly agitated 
and then allowed to stand for five hours. The sample from the upper portion 
should, therefore, show a preponderance of the smaller kaolin crystals. 
Micrograph D was a sample taken from the same slip suspension from the 
lower portion and should, therefore, show a preponderance of the larger 
kaolin crystals. 

An outstanding factor of these micrographs is the definite character of 
kaolin crystals. The absence of other minerals and the evidence of purity 
of the Wilcox kaolin should also be noted. 
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MICROGRAPH A 
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MICROGRAPH B 
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MICROGRAPH c 
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MICROGRAPH D 

Wilcox Kaolin 

Lower Fraction 

Sphere Size .2590µ 
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Identification of Kaolin Crystals of Unique Size 

In the course of microscopic examinations of some of the large kaolin 
particles, Mr. R. F. Shurtz of the research staff came upon some kaolin 
crystals which are the largest yet reported. Ross and Kerr14 reported the 
discovery of a kaolin crystal formation of unusual size but did not state 
definitely the origin of the sample except to say that it was found near 
Mexia, Texas. It is probable, therefore, that it was observed in a sample 
taken from one of the Wilcox sand-kaolin deposits. The largest crystal 
which Mr. Shurtz observed had a diameter of 1 mm. This occurred in a 
perfect book of kaolinite leaves. The photograph of this by reflected light 
is shown in the following: 
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Mr. Shurtz took another photograph of a single kaolinite crystal of 
approximately 0.70 mm. diameter, as shown in the following: 

Chemical Analysis of Kaolin Samples 

A typical hand-washed kaolin sample was selected for chemical analyses 
and submitted to Mr. Schofield who reported as follows: 

Sample No. 618-AlS 

Si02 --- - -------- - -  - - ---- -- - -- -- - - -- - - ------- -- - - 50.19 

AI 20 3 - -- ---- -- -- ---- - -- --  ------ ------ - --········ · ···· 34.75 
Fe

2
0 

3 
•.. .. .• .• •. •••• •• •.•••• . •. •••• .. .• •.•••••.•••...••• . .51 

Ti02 - - -- -----  - -- ---- - ------ ---- -- --- -- -----  - --- - .54 
Cao ---------------- -------------- --- ----- -- ---- -- -- -- .26 
MgO --- -- -- -- --- ----- --- ------ ------ ----- -- --- --· · .40 

Na20 -- ----·· --- -- --------------- --- --- ---- -- -- - .04 

K20 ------ -- --- -- ----- ------ --- -- -- ----- -- -----·· ··· ·· .78 
Loss on Ignition ------- --- --- ··----- ·-- ---- --- 12.54 

100.01 
ND c w. w4 .;ea;. • · 41 
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Samples were selected at various depths of a typical power auger drill 
hole and submitted to Mr. Schofield who reported as follows: 

Sample No. 618-A35a 618-A35d 618-A35g 

Si02 - -- - -- - - - ------ --- - ------ - ---- -- ---

Al20a -- ----- ------------- -- --- --------
Fe203 --- -- -------- ------ --- -- ---------
Ti02 ---- ---- ------ --- --- --- ------- ----- -
CaO ----- --- --- --------- ---- -- -- -- ----- -
MgO ______ ___ ___ _____ _______________ ___ _ 

Na20 --- -- --------- --- ---------- ---- --
K20 ---- --- ----------------- ------- -- --
Loss on Ignition ____ ___ ________ _ 

48.15 
34.37 

.77 

.51 
1.95 
.90 
.23 
.72 

13.04 

100.64 

48.25 
32.41 

.68 

.49 
3.85 

.60 

.29 

.79 
13.04 

100.40 

51.23 
34.04 

.48 

.45 
1.05 
.24 
.25 
.57 

12.29 

100.60 

P.C.E. Determination 

The Remmey P.C.E. furnace No. 1800-A, was used for the determi
nation of the P.C.E. on a typical Wilcox sample. This oxy-acetylene fur
nace enables the operator to obtain a temperature sufficient to reach the 
P.C.E. temperature of any kaolin with the minimum atmosphere agitation. 
The determination was made by Mr. Rolf M ygdal on Harmony sample 
618-Al8. He reported a P.C.E. of between cone 34 and 35 on this sample, 
or perhaps to express the result more carefully, a value of cone 34Y2· 

Laboratory Data on Harmony Deposit 

As is apparent the Harmony deposit was selected for intensive investiga
tion including core drilling of the area. This selection was made on the basis 
of shallowness of overburden and apparent favorable quality of both the 
sand and kaolin in the body of the deposit. The deposit is also of satisfactory 
accessibility. 

The following data were obtained in preliminary examinations of chan
nel samples. The test bar procedure was used and firings were at Cone 5. 

Sample Water of % Lin . % Total % Absorp- Color 
No. Plasticity Drying Shr. Shrinkage lion Raw Fired 

618-Al 34.7 5.2 12.4 9.65 grey cream 
white 

2 34.1 3.6 11.9 9.01 light light 
grey cream 
white white 

3 32.5 5.4 13.2 9.07 light cream 
grey white 

4 28.5 4.2 8.3 15.07 light white 
grey 
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Sample Water of %Lin. %Total % Absorp- Color 
No. Plasticity Drying Shr. Shrinkage Lion Raw Fired 

5 29.9 4.6 8.4 15.95 light grey 
grey white 

6 30.5 4.4 9.5 13.89 light grey 
grey white 

7 30.0 3.6 14.2 7.07 light cream 
grey white 

8 19.4 2.1 5.0 15.1 greyish cream 
tan white 

Inasmuch as the Harmony deposit samples represent a much more com
plete investigation, the laboratory data will be correspondingly more ex
tensive and a series of table numbers will be used. Reports on samples of 
approximately fifty pounds each will first be shown and these will be fol
lowed by data on samples of a ton or more in size that have been processed 
through the laboratory pilot plant. A full description of the pilot plant and 
its operation will precede the pilot plant data. 

Data on physical properties of bag samples are shown in Table 27. Proce
dure followed was same as that cited on p. 27. Complete readings on re
flectance values were taken and per cent whiteness calculated as shown in 
Table 28. Determinations were made on dust-pressed discs which were 
dried at 105° C. All bisque firings were at cone 9. Glaze applications were 
made on a portion of the bisque discs and fired at cone 2. A typical dinner
ware glaze of the following molecular formula was used: 

.056 Nap)
.166 K?O 

52.403 Si02.212 PbO .259 Alp3 l0.303 Bp3.136 ZnO 
.429 CaO 

Reference material on per cent whiteness calculation precedes Table 28. 

TABLE 27 

Bulk %Ab %Wt. 
Sample % Water % Shr. % Pore %Lin. %Total Specific sorp loss on 

No. Plasticity Water Water Dry Shr. Lin. Shr. Gravity lion Firing 

618-Al 39.6 15.5 24.1 7.4 15.8 2.83 1.8 12.9 
2 36.8 15.6 21.2 7.3 15.6 2.45 1.6 12.7 
3 38.1 11.6 26.5 5.9 14.7 2.45 1.7 12.9 
4 40.9 13.4 27.5 6.2 14.7 2.38 5.0 12.4 
5 41.2 13.7 27.5 6.4 12.9 2.08 11.8 12.3 
6 42.2 16.2 26.0 7.3 14.1 2.20 7.5 12.3 
7 38.7 11.0 27.7 5.3 14.3 2.48 3.5 13.3 
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Bulk %Ah- %Wt. 
Sample % Water % Shr. % Pore %Lin. %Total Specific sorp- loss on 

No. Plasticity Water Water Dry Shr. Lin. Shr. Gravity Lion Firing 

8 33.3 6.7 26.6 3.2 15.0 2.57 1.9 13.8 
10 38.3 13.2 25.1 6.4 13.1 2.13 10.1 12.5 
11 40.9 14.9 26.0 6.8 14.0 2.18 9.3 12.7 
12 39.0 9.4 29.6 4.6 12.8 2.10 10.5 13.0 
13 41.2 12.9 28.3 7.4 14.2 2.18 8.3 13.0 
14 38.6 15.0 23.6 7.0 13.6 2.07 10.6 13.0 

Composite
618-AH15a, 
b, c, d 41.6 15.7 25.9 7.1 13.7 2.10 10.5 12.1 

618-AH15a 34.9 8.0 26.9 3.9 12.4 2.15 8.0 12.3 
15b 35.3 7.3 28.0 3.6 11.3 2.00 12.1 12.3 
15c 43.2 11.6 31.6 5.1 12.9 1.96 15.7 12.5 
15d 39.1 9.4 29.7 4.4 12.3 2.05 12.1 12.4 

618-A16 43.6 14.0 29.6 6.9 15.1 2.25 7.0 12.6 

618-AH16a 36.0 12.6 23.3 6.2 13.5 2.27 7.6 11.6 
16b 34.3 10.1 24.2 4.9 12.3 2.12 10.2 11.8 
16c 37.0 11.9 25.1 5.3 13.0 2.13 9.6 12.1 
16d 38.9 11.0 27.9 5.1 12.7 2.07 11.7 12.2 

618-Al 7 39.7 11.3 28.4 6.1 14.4 2.28 6.6 12.6 
18 36.9 13.5 23.4 6.5 14.6 2.35 6.0 12.6 
19 39.1 15.1 24.0 7.0 14.6 2.29 7.0 12.6 
20 38.1 13.9 24.2 6.5 13 .9 2.17 9.3 12.8 
21 36.4 12.5 23.9 5.9 13.2 2.14 10.0 12.2 
22 36.7 13.2 23.5 6.3 13.8 2.23 6.2 12.7 
23 35.8 13.1 22.7 6.4 13.5 2.13 7.6 11.9 
24 34.9 11.2 23.7 5.5 12.6 2.13 9.6 12.4 
25 33.5 9.9 23.6 4.6 12.6 2.15 9.8 12.4 
26 32.5 9.6 22.9 4.9 12.0 2.09 10.5 12.5 
28 37.3 12.7 24.6 5.9 13.5 2.17 8.6 12.5 

618-H29a 41.7 14.2 27.5 7.4 14.7 2.22 5.7 12.1 
30a 40.0 15.5 24.5 7.1 15.0 2.22 8.0 12.5 
30b 38.3 12.8 25.5 6.0 13.4 2.15 9.0 12.5 

618-H31a 36.9 12.3 24.6 5.8 13.3 2.16 8.8 13.2 
31b 38.8 12.4 26.4 5.6 12.7 2.02 12.5 12.1 

618-A32a 37.9 14.7 23.2 6.8 14.6 2.32 5.3 12.3 
32b 38.4 14.2 24.2 6.7 13.8 2.19 8.6 12.6 
32c 37.4 13.0 24.4 6.2 13.3 2.15 10.1 12.2 
32d 38.1 11.9 26.2 5.6 13.7 2.22 9.1 12.3 
32e 38.7 13.2 25.5 6.2 13.4 2.14 10.2 12.2 
32f 40.5 20.4 20.1 9.8 16.0 2.53 0.2 11.3 

618-A33a 35.4 12.8 22.6 6.4 14.5 2.45 5.2 12.2 
33b( 1) 36.9 12.1 24.8 5.7 12.4 2.02 12.5 12.2 
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Bulk %Ab· %Wt. 
Sample % Water % Shr. % Pore %Lin. %Total Specific sorp· loss on 

No. Plasticity Waler Water Dry Shr. Lin. Shr. Gravity ti on Firing 

33b(2) 34.2 11.0 23.2 5.4 14.0 2.38 7.8 12.l 
34a 39.0 13.1 25.9 6.5 14.7 2.47 4.1 12.6 
34b 37.6 15.2 22.4 7.4 16.0 2.59 2.3 12.8 
34c 35.8 13.9 21.9 6.8 14.7 2.44 4.6 12.2 
34d 37.7 11.4 26.3 5.6 14.1 2.38 6.1 12.8 
34e 36.2 9.8 26.4 5.9 12.7 2.24 7.0 12.4 
34f 33.5 10.9 22.6 5.5 14.1 2.42 5.7 12.4 
34g 40.2 15.6 24.6 7.4 15.0 2.38 5.5 11.7 
35a 36.9 13. 7 23.2 6.6 16.6 2.52 3.5 12.5 
35b 35.6 13.0 22.6 6.2 15.0 2.50 3.6 12.3 
35c 36.2 9.3 26.9 4.8 13.1 2.30 7.7 12.4 
35d 36.3 10.9 25.4 5.5 13.3 2.30 7.7 11.7 
35e 35.3 10.9 24.4 5.6 13.4 2.34 8.0 12.1 
35f 39.1 11.9 27.2 5.8 13.3 2.26 9.9 12.0 
35g 38.0 10.7 27.3 5.2 13.4 2.28 7.8 12.l 
36a 40.6 17.2 23 .4 8.1 16.4 2.57 1.3 12.2 
36b 39.3 15.2 24.1 7.3 15.8 2.56 3.0 11.9 
36c 41.3 15.7 25.6 7.5 13.9 2.24 7.7 12.0 
36d 40.9 15.0 25.9 7.2 13.6 2.18 9.4 12.1 
36e 40.3 13.7 26.6 6.6 13.2 2.12 11.0 12.9 
36f 41.9 15.9 26.0 7.5 14.l 2.24 9.5 12.6 
36g 44.8 16.2 28.6 7.4 13.9 2.13 11.7 12.0 
36h 42.7 13.9 28.8 6.6 13.3 1.91 11.3 12.8 
37a 38.5 14.2 24.3 6.9 14.0 2.34 6.0 12.7 
37b 39.5 16.8 22.7 7.9 14.4 2.27 7.1 12.3 
37c 38.6 13.3 25.3 6.4 13.7 2.28 6.5 11.8 
37d 37.3 12.5 24.8 6.2 12.9 2.17 10.6 12.1 
37e 40.0 12.9 27.1 6.1 12.4 2.00 12.8 12.7 
37f 39.7 12.1 27.6 5.8 12.6 2.07 10.7 12.5 
37g 40.6 13.2 27.4 6.3 13.4 2.21 7.9 11.1 
37h 41.9 13.9 28.0 6.6 13.7 2.21 8.8 12.4 
37j 38.2 10.9 27.3 5.5 13.2 2.29 7.8 11.7 
37k 37.8 12.5 25.3 6.1 12.4 2.10 10.7 11.1 
38a 39.5 14.9 24.6 7.2 14.l 2.28 5.5 12.6 
38b 41.3 16.0 25.3 7.2 13.2 1.99 13.1 12.7 
38c 39.6 14.1 25.5 6.7 13.2 2.14 10.4 12.2 
38d 40.l 15.3 24.8 7.1 13.3 2.10 10.8 11.7 
39a 39.1 13.8 25.3 6.6 12.6 2.06 10.9 12.2 
39b 39.6 14.5 25.1 6.8 13.0 2.07 10.6 11.9 
40 38.9 13.1 25.8 6.3 

Degree of Whiteness Data 

Degree of whiteness was determined by use of the photovolt reflectom
eter as described in National Bureau of Standards publication "Photo
electric Tristimulus Colorimetry with Three Filters" by Richard S. Hunter. 
This publication is also designated as Circular of the National Bureau of 
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Standards C429, issued July, 1942. The procedure involves the use of 
separate readings through three filters, amber, green and blue. The cal
culation of per cent whiteness involves a rather complicated formula, as 
described on page 21 of Circular C429. However, the use of a more 
simplified equation is recommended and while the result is designated 
as an approximate expression for whiteness, the error is reported as being 
less than 0.025. It was further specified that the range of apparent reflect
ance should be approximately between 0.60 to 1.00 to give significant 
values. It is for this reason that reflectance readings on sample discs that 
were not "white or near white" are of doubtful value. In fact, some samples 
deviated from whiteness so far that results were not recorded. The approxi
mate eqution from which the reflectance values in Table 28 were calcu
lated follows: 

w= 1-H30\/ .,, + P' r+ [ (1.00; Y) rr 
l 

where 

2.5 (A-G) 
cc == 

lOG 
G-B 

/3 == lOG 

Y== G 

A= reflectance reading with amber tri-stimulus filter. 
B =reflectance reading with blue tri-stimulus filter. 
G = reflectance reading with green tri-stimulus filter. 

TABLE 28 

Per Cent 

Sample No. Amber 
Raw 

Green Blue 
Bisque Fired-Cone 9 

A G B A 
Glazed 

G B 
Whiteness 

Raw Bisque Glazed 

618-Al 74.5 71 58 74.0 71 55 71 66 46 67 75 * 
2 74.0 71 62 84 78 70 77 71 53 69 76 * 
3 73 70.5 70 85.5 82 72 79 75.5 57 70 82 18 
4 75.5 73 66.5 90 87 78.5 85 81.5 69 57 54 43 
5 69 65 56 86.5 85 76 83 79.5 66 36 65 38 
6 71.5 68.5 61 89 88 79 86 82 71 51 90 46 
7 61 57 51 80 75 62 76 71 53 71 46 6 
8 66.5 62 53 79.5 72 53 71 64 44 36 * 

10 78 75 70 84 80 72 80 77.5 65 62 51 46 
11 75 74 68 84 80 68.5 80 76.5 62 71 81 32 
12 74 72.5 66.3 85.5 83 64 82 78.5 67 68 28 44 
13 74 70 63 77.5 75 64 71 69 56 46 48 38 
14 75.5 73 68 87.5 84 73 84 80 67 64 49 38 
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Per Cent 
Raw Bisque Fired-Cone 9 Glazed Whiteness 

Sample No . Amber Green Blue A G B A G B Raw Bisque Glazed 

618-AH 15a 67.5 64.5 57 90 86 80 84 82 70 50 59 53 
15b 69 66 58 90 86 81 85 83 72 50 60 55 
15c 73 70.5 63.5 92 88 82.5 86 83 73 50 61 54 
15d 76 71 63.5 91 87 83 86 84.5 74 37 63 60 

618-AH 16a 70.5 69 63 86.5 83 76.5 82 80 67 40 60 48 
16b 72 .5 70 62 89.5 86 82 84 79.5 70 44 66 43 
16c 76 72 65 92 86 82 85 81 70 64 46 44 
16d 74 70 61.5 91 86 81.5 86 82 71 42 76 46 

618-A16 72 67 64.5 91 86 78 86 83 69 70 67 43 
17 73 69 65 91 88 80 86 82.5 70 72 62 44 
18 71.5 62 61 91 87 78 86 82.5 69 54 41 
19 65.5 61 56 88 85 75.5 83 80 67 37 57 43 
20 65 64 56 89 85 77 84 82 69 57 54 48 
21 62 59 51 86.5 84 77 82 80 68 41 66 50 
22 63 61 54 88 85 75 85 81 66 54 56 33 

618-A23 67 64 59 87.5 84 75.6 83 80 67 54 56 43 
24 69 67 60 90 87 79 85 82 70 59 62 48 
25 70 67 61.5 90 88 81 87 83.5 75 56 70 55 
26 69 66 57 90 86 79 86 82.5 71 44 57 47 
28 65 63 57 89 85 77 83 80 68 59 55 46 
29a 68 64.5 54 86 83.5 71 80 76 58 37 64 18 
30a 71 68 60 88 86.5 75 83 78 64 43 55 27 
30b 71 68 59 86.5 84.5 74 82 79 64 48 51 35 
31a 72 70 64 87.5 85 77 83 80 69 63 65 53 
31b 73 70 63 91 88 82 86 83 74 44 73 57 
32a 69 66 58 84 80 69 82 76.5 62 44 40 21 
32b 71 69 61 87 79 75 83 79 65.5 58 60 35 
32c 71 68.5 61 88 85 78 84 81 69.5 64 63 48 
32d 73 71.5 63 87.5 84 80 81.5 79 69 58 56 55 
32e 75 68.5 63 86.5 85 78 83 81 68.5 21 58 49 
32f 75 72.5 64 87 84.5 80 82 79 68 54 72 54 

618-A33a 63 62 53 86 81.5 74.5 82 76.5 64 51 50 26 
33b( 1) 72 68.5 60 88.5 87 80 84 80.5 71 53 68 51 
33b(2) 73 71.5 63 88.5 86.5 81 83.5 80 71 59 74 52 
34a 73 71 67 86 85 71 85 80 69 69 49 37 
34b 68 66 57 84 83 70 82 74 61.5 81 52 4 
34c 72 69 63 87.5 84 73 84.5 79.5 67 56 49 33 
34d 73 69.5 63 89 86 75.5 86 82 71 51 55 45 
34e 73 71.5 65 90.5 87 80 87 83.5 73 65 72 50 
34f 70 68.5 59 87 84.5 77 83 79 68.5 53 65 46 
34g 73 70 61 86.5 83.5 77.5 82 78 69 37 65 47 
35a 71 68 61 87 84 75 84 79 67 52 57 33 
35b 67 65.5 58 87 83 75 80 76.5 63.5 58 53 37 
35c 69 67 58 88.5 86 77 85 81.5 70 51 68 46 
35d 70 67 59 88.5 87 78 85 81.5 70.5 48 65 47 
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Per Cent 
Raw Bisque Fired-Cone 9 Glazed Whiteness 

Sample No. Amber Green Blue A G B A G B Raw Bisque Glazed 

35e 75 77.5 67 90 88 82 87 83 75.5 63 73 54 
35£ 74 72 65 90 87.5 81 86 83.5 68.5 62 68 41 
35g 75 72 65 90 89 80 88 84 75 55 68 51 
36a 70 68 60 87 83 70 83.5 79 65.5 55 40 33 
36b 70 68.5 60 88 84.5 75 83 79 66 56 54 37 
36c 70 67.5 61.5 84 82 72 81 79 68 58 59 53 
36d 67.5 67 59 86 83 74 80 79 70 60 60 63 
36e 69 67.5 60.5 87 86 80.5 81 80 74 54 66 74 
36£ 71 69 60.5 84 82.5 74.5 79 78 69 55 67 63 
36g 68.5 66 56.5 87 84.5 77 81 80 70 46 65 60 
36h 71 69 61 84 81.5 74.5 79 78 71 56 64 69 
37a 66 64 56 85 81.5 71 81 78 67 52 49 48 
37b 68 66.5 61 83.5 80 68.5 80 78 71 66 45 65 
37c 68.5 68 62 87 84 75 82 80 71 69 58 60 
37d 67 65 59 85 83 77 80 78 71 60 71 65 
37e 71 70 64.5 86 84 78 80 79 74 70 71 76 
37£ 67 65.5 57.5 86 84 76.5 81 79 71 56 67 63 
37g 70.5 68 60 84 86 70 79 77 65 52 41 48 
37h 66 63.5 55 85 83 74.5 80 79 69 47 64 59 
37j 65 61.5 47 81 77.5 66 76 73 61 17 52 40 
37k 64 62.5 56.5 85.5 83 74 80 78 69 63 60 59 
38a 68 67 59 86.5 83.5 70 82 79 66 62 64 42 
38b 68 66 59 85 83 75.5 80 78 69 57 67 59 
38c 67 66.5 58.5 85.5 82.5 73 81 79 67 60 55 50 
38d 70 65.5 55.5 83 81 72 78 76 65 29 61 51 
39a 65 65 59.5 86 84 78 80 79 71 69 71 67 
39b 64 62.5 58 84 82 73.5 80 78 70 68 63 62 
40 65 63 58 84 82 73 81 79 71 72 61 63 

• Negative values obtained, using formula. Reflectance "alues are obviously too low to give meaningful result £or 
per cent whiteness. 

Discussion of Data 

It should be borne in mind that all the foregoing data have been ob
tained on samples taken by hand methods, with exception of the power 
auger sample holes put down on the Harmony deposit. Also that all of the 
processing of sand and kaolin samples has been by hand washing methods. 
Of course great care was exercised to obtain as accurate separation and 
concentration of the sand and of the kaolin as possible. A description of 
a hand washing process is as follows : 

1. Weigh 1 kilogram of crude sand-kaolin. 
2. Add 2 liters of water and 5 ml. of 10% Calgon solution. Blunge for 10-15 

min. and decant the clay slurry. (Through a 325 mesh screen if per cent 
sand is desired) . Save the slurry. 
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3. Add 1 liter of water. Blunge and decant as in step 2. Save the slurry. 
4. Repeat step 3 two or three times more until the wash water comes out clear. 
5. Collect the slurry from each step and make up to a volume of 5 to 6 liters. 

Blunge the slurry for a few minutes. Syphon the slurry wi~h a float syphon 
at such a rate that the upper level slurry is lowered at rate of 2.2 cm. per 
min. 

6. Blunge the slurry syphoned in step 5 and repeat the syphoning process at 
the same rate 2.2 cm. per min. The particle size of this slurry is predomi
nantly below 20 microns. The particle size of residue is predominantly 
between 20 and 44 microns and consists mainly of silica and mica. 

7. Blunge the syphoned slurry and add dropwise a 10% solution of potassium 
alum in order to flocculate the clay. Allow to stand and decant the clear 
supernatant liquid. 

8. The coagulated clay may be filtered, centrifuged or placed in a plaster 
mold. The wet clay may then be oven dried preferably below 70° C. 

In general the physical properties of the kaolin samples display a very 
gratifying uniformity not only within the Harmony deposit but from the 
various deposits as per data following respective sketch maps. Some of the 
samples were obviously taken in portions where materials other than the 
sand-kaolin were present as evidenced by low absorption figures. However, 
where color and absorption indicate the sample to be relatively pure 
kaolin, the other columns of data show surprising uniformity throughout. 
The amazing uniformity of figures on percentage weight loss on firing is 
evidence of the consistent mineral content of the kaolin. 

The reflectance values on the drill hole samples from the Harmony de
posit as shown in Table 28, indicates very promising degree of whiteness, 
in spite of the fact that the drilling rig was of the auger type and no solid 
cores were taken. Also in the case of data following sketch maps, the 
samples taken by pick and shovel methods are of necessity not entirely 
free of surface infiltration. Also the hand-washing methods of beneficia
tion of these samples are certainly not as efficient as commercial operations. 
However, many of the samples show a degree of whiteness equal to that 
of many commercial kaolins. An outstanding property of the recovered 
kaolin is its plasticity, indicating that it could be used not only as a kaolin 
but as a substitute for a portion of the ball clay in a normal type ceramic 
body. Data on physical properties of the kaolin can be better obtained on 
the product of the pilot plant where commercial processes are closely 
duplicated and where quantities make possible adequate duplicate de
terminations for checked results. 
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Beneficiation of Sand-kaolin by Pilot Plant Processing 

Flow S heet.-A flow sheet of the pilot plant operation is shown in the 
following diagram. 

Feed (Sand-Kaolin) 

! 
Rolls 

J 
Dry Feeder 

Water I Dispersing agent 
t J t 

Tube Mill (without balls) 

! 
!----------Spiral Classifier 

Underflow J 
(Wet sand) Overflow 

J J----Water 
!-----------Hydroclassifier 

Underflow J 
Thick Slurry: fine silica Overflow 
mica and kaolin J 

!----------Vibrating Screen 
Oversize J 
Debris and mica Undersize 

(kaolin slurry, predominantly < 20 micron) 

J 
Magnetic Separator (Franz Ferrofilter) 

I Flocculating agent 

! 
Agitator 

! 
!------------Thickener 

~ff&w J 
(clear liquid) Kaolin Slurry 

! 
Magnetic Separator (Franz Ferrofilter) 

! 
Pressure Tank 

! 
J-----------Filter Press 

Filtrate ! 
(clear liquid) Kaolin Filter Cakes 

Pictorial Flow Sheet.-This is further clarified by the pictorial sketch as 
shown herewith. 
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I rn 111111 filill~---
FILTER PRESS 

PLATE XII 

Description of Operation.-The problem is to separate the sand and 
kaolin in such a manner as to give the maximum commercial yield of both 
materials. The physical bond of the sand-kaolin is rather easily broken by 
a tumbling action in the presence of water in the ratio of about 7 5 of water 
to 25 of sand-kaolin. In order to make the process continuous and efficient, 
the raw material as received from the pit is passed through a smooth-faced 
double-roll to a dry reagent feeder. This feeder delivers it at a constant 
rate to the tube mill. It is in this tube mill that the water is introduced. 
There are no rods or balls in the mill and the sand-kaolin is disintegrated 
by the agitation caused by the rotation of the mill. The rate of dry feed is 
300 lbs. per hour, with water added at the rate of 84 gallons per hour. The 
dimensions of the tube mill are 36 inches length, and 18 inches inside di
ameter. At this point also in connection with the water, a deflocculant is 
added to further assist in the disintegration of the kaolin bond. This de
flocculant consists of 0.10% Calgon by weight of the kaolin mixture. The 
entire discharge from the tube mill is passed to a cross-flow screw classifier 
which carries the sand upward at an angle of approximately 20°. The 
washed sand is discharged from this screw classifier while the water con
taining the kaolin passes by gravity to a hydroclassifier. Here auxiliary 
water is added from the bottom at a rate (approximately 2 gallons per 
hour) to produce an upward flow designed to carry minus 20 micron kaolin 
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particles over the rim of the hydroclassifier. This overflow contains in sus
pension 9 to 10 per cent of solids. This allows +20 micron particles, which 
will include some of the finer silica remaining in the kaolin slip, to collect in 
the bottom of the hydroclassifier. The overflow of the hydroclassifier passes 
through an intermediate 200 mesh vibrating screen, through a Ferrofilter, 
into an agitator where flocculant is added. This flocculant which has been 
found to give best results is potassium alum. The amount required varies 
somewhat with each run but in general is approximately 0.15% of the 
original sand-kaolin mixture. The slip then passes to a thickener which in 
commercial operation could be operated continuously. However, in our 
pilot plant the size of the thickener, 4 ft. in diameter, is not large enough 
to permit this and it has been necessary to operate same as a settling tank. 
This necessitates a batch operation wherein time is allowed for settling and 
the clear water siphoned off to give a remaining slurry containing approxi
mately 20% of solids. This slurry is passed through a Ferrofilter just pre
vious to the filter press to remove any tramp iron that might have been 
picked up. The filter press cakes are in size 12" by 12" by 1 %"thick. Each 
cake contains approximately 5 lbs. of kaolin dry weight. The time required 
to press out these cakes at 80 lbs. pressure was aproximately 5 hrs. 

Products of the Pilot Plant 

Silica Sand.-The purpose of the pilot plant is primarily to effect an 
approximately complete separation of the sand and the kaolin with a subse
quent beneficiation and recovery of the kaolin. It is therefore contemplated 
that the sand content as separated from the kaolin would in an industrial 
operation be subjected to further scouring and washing not included in the 
pilot plant operations as herewith reported. We have simulated the quality 
of commercially washed sands by the application of laboratory methods. 
Chemical analyses of such laboratory processed sand are reported on page 
72. These analyses are submitted as typical of the quality that would be 
obtained in the further normal processing of the sand content from the 
pilot plant. 

Screen analyses of the pilot plant sands confirm figures repeatedly ob
tained and show the grain size range to be approaching the ideal for glass 
plant use. A typical screen analysis is as follows: 

S-981 
pp 53-57 

Sand 
Retained on 20 mesh .0% 

Passing 20 mesh 35 mesh .1 
35 mesh 45 mesh .9 
45 mesh 70 mesh 48.2 
70 mesh 100 mesh 29.9 

100 mesh 200 mesh 12.0 
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200 mesh 230 mesh 5.9 
230 mesh 270 mesh 1.3 
270 mesh 1.8 

100.l 
mesh= U.S. Screens 

Kaolin.-A study of the physical properties of the kaolin produced 
from the pilot plant, together with observations made of industrial opera
tions in commercial processing plants, has suggested physical properties 
as related to particle size distribution could be adapted more advantage
ously to industrial requirements by a separation of the composite kaolin 
slip into two or more portions. Since latest researches show particle size 
distribution to be a dominant factor in kaolin performance in a white
ware body, the products of the pilot plant were controlled to give the fol
lowing: 

A. A kaolin of general particle size range, adapted to a wide range of ceramic 
uses. 
B. A kaolin of the bond clay type in which the smaller particle sizes pre
dominate. This kaolin is especially adapted to use in body compositions where 
the product is manufactured by the "dust-pressed" process. 
C. A kaolin in which the larger particle sizes predominate, being therefore 
especially adapted to use in body compositions where the product is manu
factured by plastic processes, such as jiggering, slip casting, etc. 

Particle Size Distribution 

The particle size distribution in these three products is shown in the 
following table: 

Micron Diameter A B c 
Above 10....·--·-·--- ·-- ·- ·-- - 4.3 2.0 10.8 

5-10....·---------------- - 11.9 6.0 28.7 
4 5____ ___ __________ ___ ____ 4.0 2.0 9.5 
3 - 4 ____ ___________________ _ 5.9 4.8 9.2 
2 - 3 ___ _________ __ ___ ___ ____ 7.4 8.9 10.8 
1- 2__ ____ __ __ __ ____ ______ __ 13.6 14.8 7.9 

0.5 l___ ____ ____ ___ ______ ____ 12.4 14.7 6.1 
0-0.5 --- ---- -- ·- -- --- - 40.5 46.8 17.0 

Chemical Analyses 

The chemical analysis of the three products is shown in the following 
table: 
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A B c 
Si0

2 --- ---- -- ---- --- --- --- ---- ---
Al 02 3 ----- -- -- -- --- --- --- -- ---- -
Fe20 

3 -- -- ---- ------ ---- -- -- -- ---

Ti02 ---- -- --- -- --- ------ - --- --- ---

CaO --- -- ------- ------ ---------- --
MgO _______ __ _____ _____ ____ _____ __ 
Na

2
0 

Kp ---- ------ ----- ----------- --- 

Loss on ignition ---· -- -- --· 

Physical Data 

51.28 
33.44 

.66 

.62 

.03 

.26 

.33 
1.14 

12.86 

100.62 

50.17 
34.39 

.66 

.63 

.02 

.51 

.15 

.88 
12.83 

100.24 

55.07 
31.26 

.69 

.57 

.01 

.40 

.06 
1.24 

11.02 

100.32 

Cone 8 
DRY PROPERTIES FIRED PROPERTIES 

Per Cenl Per Cent Drv Per Cenl Reflectance 
Sample Waler of Linear Drying Mod~lus Total Linear Per Cent Raw Fired 

Designation Plasticity Shrinkage lb/sq.in. Shrinkage Absorption Blue Blue 

A 39.4 7.1 16.7 12.8 73.5 86.0 
B 37.3 5.9 17.1 70.5 79.0 
c 39.0 7.2 300 14.0 13.3 69.l 80.5 

B +Flint 28.3 7.0 269 9.6 16.0 
50/50 

Remarks 

The foregoing data show that the Texas kaolin is adaptable to use in a 
wide variety of industries. It should also be added that the kaolin of particle 
size as shown in Product B could be subjected to bleaching and used as a 
coating clay by the paper industry. 



CONCLUSION 

The high freight rates on kaolin coming into the state are a well-known 
deterrent to the full development of Texas whiteware industry. The pro
duction of Wilcox kaolin with the range of properties shown in the fore
going will provide an economic stimulus to ceramic whiteware manu
facturers of the Southwest and offer an attractive inducement to prospec
tive industries not now represented in this area. Outstanding among these 
long overdue industries are distinctive dinnerware, hotel and tableware 
china and electrical porcelains. A market survey has _shown the consump
tion of kaolin by industries now operating in the Southwest to be adequate 
to support a kaolin processing plant. The silica products which constitute 
the greater bulk of the processed output should be readily absorbed by 
nearby markets, for which the data show them to be suited. It can be 
anticipated that the market appeal of Wilcox sand kaolins, scientifically 
processed, will not be limited by regional or national boundaries. 
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