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LIGHTWEIGHT AGGREGATE PRODUCTION FROM CLAYSTONE

AND SHALE IN BANGLADESHL/

By N. A. Parker
U. S. Geological Survey

and M. A. Maroof Khan
Geological Survey of Pakistan

Muffle furnace tests were made on samples of clay, claystone, and
shale collected in the Chittagong and Dacca areas of East fakistan to
determine their amenability to bloafing for the commercial produbtion of
light-weight aggregate. Several areas, sampled in some detail, were
selected for investigation because of their proximity to markgt, and
accessibility to fuel and electricity. .

Muffle furnace tests show that the clay, claystone, and shale are
natural bloaters at temperatures in the 1700° to'2200° F. range, and do
not require additives. The most desirable deposit, insofar as producing
a strong aggregate is concerned, can be dete;mined only by pilot-kiln
testing and by crushing-strength tests made on concrete test cylinders.

Reserves of suitable raw material are large in both the Chittagong énd,

Dacca areas.

1/ The work for this report was done in 1968-69, prior to the
separation of Pakistan and Bangladesh (formerly East P?kistan). The name has

not been changed in the text.



INTRODUCTION

. 2/
Purpose and scope of the report™

Nations throughout the world have a rapidly increasing demand for
construction materials, including materials that can be used as concrete
aggregates. Such aggregates may be prepared from mixutres of sand, gravel,
and crushed stone, where such natural aggregate materials are locally
available, or may be formed synthetically from alternate raw materials. As
building design and construction have become more sophisticated, specifica-
tions for concrete aggregates have become more exaéting, and synthetic
aggregate have been used increasingly to reduce weight and to ﬁaintain
specifications.

The production of synthetic light-weight aggregate is am outgrowth
of work done by a chemist, Hayde, in 1917, who found that by heating
certain clay, shale, or slate to incipient fusion he was able to produce
an extremely light weight material of high streﬁgth and excellent
insulating propertiés. By reason of patents held by Mr. Hayde, only
seven plants were licensed under the "Haydi;e" patents, and the industry
did not develop extensively until the expiration of basic patents in
1946. Since that time light-weight agéregate production has grown‘
steadily in the United States and Canada, replacing the use of natural
aggregates in certain kinds of construction; reasons for this are the
desirable characteristics of strengtﬁ:and lightness of the synthetic
aggregates and depletion of locai natural aggregatés in areas of

population growth.

2/ Geographic names, Agency names, and official titles of individuals
used In this report reflects usage at the time the work was done in 1968-69, -
prior to the separation»of Pakistan and Bangladesh.
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_Over most of East Pakistan, the surface geologic formations are uncon-
solidated alluvial deposits of Quaternary age, or weakly indurated, easily
crushed, fine-grained rocks of late Tertiary-age. Rocks suitable for use
as concrete aggregate are scarce. In such an'érea, where natural aggregate
materials are deficient, but where clay and shale are present, the develop-
ment of a light-weight aggregaté industry offers a means of filling many of
the demands for construction material. Much of the material now used in
East Pakistan for concrete aggregate is broken brick. Most of.phe brick
manufactured is produced in country kilns fired with wood and coal. Tempera-
ture control is not uniform and results in about a 40 percent loss of product
either from underfiring or overfiring. In making brick by this method the
hand-dug clay is mixed in a paddle-wheel type oflchurn turned by bullocks;
the bricks are hand molded and air dried before firing. This primitive

method of brick making probably has been used for hundreds of years.



Two’ areas near Dacca and Chittagong (fig. 1), #efe investigated to
locate deposits of clay and shale that are amenable t§ bloating for the
production of light-weight aggregate. The work was done as part of a
program undertaken cooperatiyely by the Geological Sufvey of Pakistan (GSP)
and the U. S. Geological éurvey (USGS) under the auspices of the Govern-
ment of Pakistan (GOP) and the Agency for International Development (AID),
U. S. Department of State. Factoré considered in the study. included the
location of the deposit in respect_to market, transportation, gas or
other fuel sources, and the present land use.

Location of study areas

The Chittagong area and adjoining Hill Tracts aré between lat
22°17'30" N. and 22°31'20" N. and long 91°43" E. and 92°15' E.
The localities drilled and sampled are within a 30-mile radius of the
city of Chittagong and are easily accessible along good:roads.

Situated near the mouth of the Karnaphuli Rivér, Chittagong
(population 364,205, 1961 census) is. a busy internationai seaport and
is the second largest city of East Pakistan. It is connected by r#il,
road, and air with Dacca and is a growing industrial and manufacturing

area.
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'Figure 1. Index map of East Pakistan, showing location of

areas studied.



The Kaptai and.Chandraghona areas (fig. 2) are under the jurisdiction

of Chandraghona ?olice Station in Chittagéng Hill Tracts Districts.
Kaptai, on the Karnaphuli River northeast of Chittagong, is the site of
the principal hydroelectric project of East Pakistan;'it generates
80,000 kw/day for industry. A high-voltage transmission line
has been built from Kaptai to Dacca via Chittagong ahd’Comillg. Kaptai
and Chandraghona are also linked with Chittagong by an excelleng road
aﬁd by a navigable river. They ;re 35 and 25 miles to the east of
Chittagong,respectively,.on ﬁhe Kaptai road. Regular bus and launch service
are maintained between Chittagong and Kaptai. . "

The Rangunia, Warapéra, Nasirabad, Bhatiari, and Ghoramara areas are
in Chittagong Distriét. Rangunia and Warapara are on the Chittagong-Kap%ai
road and are about 21 and 10 miles to the east of Chittagong respectively,
whereas Bhatiari and Ghoramara are oﬁ'the Dacca-Chittagong Trunk Road-and

are about 10 and 14 miles northwest of Chittagong. The Nasirabad area is

about 5 miles to the northwest of Chittagong and is served by good roads.



The area investigated at Dacca is between lat 23°37'5" N. and
23°55' N. and long 90615' E. and 90°30' E. It is bounded on the north
by the 23°55' parallel, by Burhi Ganga River on the south, the Balu
River on the east and the Dhaleswari Rive; to the west. The drilled
and sampled localities are Panchabati, Aliganj, Philkuni, Demra, Mirpur,
Sabhar, and Tungi. The towns of Mirpur and Sabhar aré on a concrete-~
éurfaced road and are approximately 7 and 25 miles northwest of Dacca
respectively; Tungi is about 20 miles north of Dacca on a pitgh-surfaced
road. The Panchabati, Philkuni, aﬁd Demra areas are herein:-referred to
as Areas A, B, and C, respectively. |

The Panchabati, Aliganj, and Philkuni areas fall under the adminis-
trative jurisdiction of Fatulla Police Station in Narayan;?nj sﬁbdivision,
whereas the Demra area is under the Tejgaon Police Staﬁion.

These areas are easily accessible ﬁy rail and roads. The Panchabati
and Aliganj areas -are about 9 and 5 miles southeast of Dacca and lie .to
the east and northeast respectively of the Dacca-Narayanganj pitch-surfaced
road. The Philkuni area is about one-half mile north of Aliganj and is
about 1% miles northeast of the Fatulla Railway Station. The railway line‘
borders the northern side of the Panchabati area and the southern side of
the Philkuni area.

The western and eastern 1imits.of the Demra area along the Dacca-Demra
pitch-surfaced road are about 2 and b miles east'of Dacca. A high voltage
powerline running northwest and southeast ccuts through this area. Regular

bus service is maintained on the Dacca-Narayanganj and Dacca-Demra roads.



' Geography
Climate -

The climate is tropical throughout most of the year and is character-
ized by high temperatures, heavy rainfalll and excessive humidity. The
maximum mean temperature is 70° F. at Dacca and 78° at Chittagong in
January and is 92° F. in April at Dacca and 89° at Chittagong in May.

The minimum mean temperature is about 54° F. in January and 74° F, in
July and August.

The nor'westers and monsoons are the chief sources of rainfall.

The nor'westers usually begin in January and continue until March, and
are frequently characterized by thunder and hailstorms of relatively

<,
short duration. The season of nor'westers generally mergés inﬁo the
monsoon, the major rainy season, with no definite break. The monsoon
begins in May and continues into October. The average annual rainfall
is about 74 inches at Dacca and 102 inches at Chittagong. The dr& winter

and spring seasons are from November through March-April.

Topography
Chittagong area.--The Chittagong area is characterized by low hills
that form the southern extension of the north-trending Sitakund Range.
The maximum height of these hillocks is 420 feet near the point of rise
of Sonai Creek. Other hills reach a maximum elevation of 265 feet
between Pahartali and Rangunia. The topography 'is deeply dissected near

Pomara, and small sinuous valleys and isolated hillocks are common.



Parallel hills on the Sitapahar Range extending approximately
north-northwest and sbuth-southeast lie between Chandraghona and Kaptai.
The maximum height of the Sitapahar Range is 1135 fee; squth of the
Karnaphuli River near Silchari. The area'wgst of Chittagong is a plain
that slopes gently westward to the sea coast, gradually narrowing in
width to the south.

Dacca area.~-The Dacca area is characterized by low hills in the
vicinity of Sabhar, Mirpur, and Tungi. The low scattered hills rise
20 to 60 feet above sea level, and .have a gentle regional .
slope to the south. To the south the area is mainly a plain. The Demra
area is slightly higher in altitude than the Panchabati and the Philkuni
areas, Panchabati lying about 16 feet above sea level. T;e Panchabati,
Philkuni, and Demra areas gradually slope toward the §Outh and southwest.
A small depression (locally called "bil") of ‘about 3 square miles is
present west of the Dacca-Cantonment Railway Station. Another small
depression of about one square mile is mear the village Begunbari.

- Drainage and water supply |

Chittagong area.--The Karnapﬁuli and the Halda are éhe two-principalh
rivers of the area. The famous man-made Kaptai Reservoir coveringv
265 square miles was formed by damming the turbulent Karnaphuli River at
Kaptai where the river cuts across a series of northwest-trending hills.

The Halda River empties into the Karnaphuli near Kaught.



The drainage in Chittagong and its suburbs is dendritic and the
streams flow either eastward and drain into the Halda or toward the
southwest into the Bay of Bengal. Sonai Creek and the Mitha Khal are
the most important streamlets. A small wétgr reservoir used by the
Pakistan Eastern Railway is northwest of the wireless station of
Chittagong.

An abundant supply of water is available in the streams. However,
this supply is reduced during the fall and winter dry season in the
hilly areas where streams are the only source of water. The.w#ter from
ponds, wells and handpumped tubewells is a major source of supply in
the plain area. Chittagong has a purified water supply and a distribution
system. Most water used elsewhere is untreated. ¥

The Karnaphuli Valley lies in one of the country's heaviest rainfall
zones and was subject to floods before the construction of the Kaptai daﬁ.
The Halda River has become sluggish owing to silting and is prone to
flooding. The Karnaphuli dam has greatly reduced the havoc of annual
floods in the Chittagong area.

The Chittagong area is often visited by the tidal b&re 3 which causes
great damage to life and property, but a coastal embankment plan un&er

construction will provide protection from it.

- ¢

34
~  The term tidal bore as used here refers to a high wave and tide

build-up caused by storms piling water on the windward side of land.
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Dacca area.--The Burhi Ganga, Balu, Dhaleswari, and Turag are the
main rivers in the area. The East Pakistan Water and Power Development
Authority (WAPDA) has constructed a number of canals in the Panchabati

and Demra areas for irrigating during the winter, and for flood control
during the monsoon season. Rivers, canals, and ponds are widely

“used as a source of drinking water in the rural areas. Many villages
also have drilled wells.

The Sabhar, Mirpur, and Tungi areas are above fiobd level through-
out the year. The Panchabati, Philkuni, and Demra areas, being low, are
flooded during the wet season. The Burhi éanga,.Turag, and Balu Rivers
are silting up rapidly, which greatly reduces their water;carrying
capacity, and they are subject to frequent flooding. .Thé'floo&ing in
the vicinity of Panchabati and Demra is partially controlled by recent
canal construction.

Vegetation and cultivation

The Chittagong area is covered ;y thick forest and.deuSe undergrowth,

and is in the southern extension of the Sitakund Reserve Forest. The

western side is an open deciduous férest, and the eastern part is a mixed

evergreen type. The important commercial trees of the area are chapalish

(Artocarpus chaplasha) and teak (Tectona grandis).

11



These forests include evergreen forests and also
some tropical moist deciduous and open deciduous forests, along with
bamboo brakes and patches of savanhah (Rashid, 1955). The predominant

trees are kadam (Kadamba officinale), shimul (Shalmalia Malabarica),

champa (Michalia champaca), and chikrasi (Chakrassia tabularid. The

ground is covered in places by khagra (Saccharumes spontaneum) grasses.
Bamboo brakes are common where the forest has been cleaned by cutting
or burning. Teak plantations are located near Kaptai, Chandraghona,
Rangunia, and Pomara areas.

Rice is the principal crop of the area. Fruits such as pineapple,
banana, and papaw, and various types of vegetables, are grown. Betelnut
is grown mainly in the narrow valleys and on the plain ne;r the river;
cocoanﬁts are grown along the coast.

The Dacca area also supports luxuriant Vegetation. The mango, jax .

(artocarpus integrifolia), jam (eugemia jambalana), banana, and the betel-

nut palm are the common trees. A small tract of forest is present in

the Sabhar and Mirpﬁr areas, and the sal (ghorea yobusta) is the most
economically important tree for timber.

Previous investigations.

A number of clay deposits in East Pakistan have been described thaﬁ
emphasize their possible utilization for ceramic products (Khan, 1962;
Roy, 1960). Impurities in ceramic clays are undesirable; However, the
presence of certain impurities are necessary to éause clays to bloét,
and consequently our investigations were of -a different nature than those

described by Khan and Roy.
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Some investigations of ;lays and shales amenable to bloating were
made in the Chittagong area by Chew (Chew-Walker Associates, written
commun., 1965). An economic feasibility and plant cost study was also
prepared by Louis Berger Inc. (1966) on thg"manufacture of synthetic
aggregates in East Pakistan. The samples collected by Berger were all
in the vicinity of Dacca, and plant cost prbjections were for a
completely mechanized plant.

Present investigations

Reconnaissance survéys were made in the Dacca area in late 1967,
followed by more extensive work in the Chi£tagong area during April
and December 1968. Base méps were prepareéd from existing topographic
maps and aerial photographs issued by the Survey of Pakis;an. Recon-
naissance test holes were located in strategic places along the highways,
railways, and power lines, in part on the baéis of unpublished information
and maps by Chew éovefing areas in which bloating clays have been found.
Another and more significant guide was the presence of operating brick
kilns, particularly those where fragments of "Jhama" (accidentally
bléated clays) were observed. Stratigraphic nomenclature used ﬁerein
is taken from the geologic map of Pakistan (Bakr and Jackson, 1964) and

from Holland and others (1956).
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Following furnace testing of the reconnaissance samples, detailed
surveys were made in selected areas to collect samples for.quick-firing
tests. Samples from auger holes and pits were prepared for quick-firing
tests by thorough crushing in an iron pan: After quartering, each sample
was placed in an aluminum pan and water added to develop the required
plasticity. The plastic clay was then run through a manually driven
meat grinder and extruded sufficiently for pelletizing. Approximately
50 small balls and 50 cylindrical pellets were formed by handlfrom the
plastic material from each sample and allowed to air dry for 2 or 3 days.

The outcrop samples were broken into fragments between 1 and 1% inches
in diameter and about 0.2 to 1 inch in thickness. At least 32 pieces

¢ .
were selected for firing from each sample. The balls, thé pelléts, and
the rock fragments were placed in an electric furnace at 200° C. (417° F.)

for complete drying before firing. This was necessary to prevent

decrepitation when fired at high temperatures.

'

14



The term "bloating‘clayé" as used throughout this report refers
to the ability of some clay, shale, and slate to produce vesicular
structuée when they are heated to sufficiently high temperatures for
chemical reaction to form gases that expa;d—the'material. The size of
the vesicles may range from very fine, even microscopic, to a quarter
of an inch or larger. Material that contains predominantly large
vesicles and is very light in weight”is usuélly termed overbloated; it
is structurally weak, owing to the large openings and thin-walls. No
precise standards have been established as to what material is considered

overbloated, and perhaps the best measure ﬁould be a balance between

the size of the openings, strength of the material, and its intended use.

Q‘
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METHODS OF LIGHT-WEIGHT AGGREGATE PRODUCTION

Although several materials may belﬁsed to make synthetic light-
weight aggregates and find markets in industry and coanstruction, those
produced from clay, shale, or slate have shown the greatest potential

‘in the construction field; these materials yield a strong concrete
aggregate that can be used where other light-weight materials of
limited strength are not suitable.

Clays, shales, and slates are chemically similar. When heated to
temperatures of 1,600° to 2,400° Farenheit, the usual range.of commercial
operations, certain of these materials bloat to form a plastic mass that
is full of gas bubbles; on cooling, these form a light-weight and strong
vesicular material. Clays that will not bloat naturally é&y commonly be
modified by blending with other clays that have strong bloating character-
istics, or by addition of small amounts of lime. Chemical analysis is
not truly indicative of amenability to bloating but, in general, good
bloating clays have 6 percent or more of iron oxides and approximately
6 percent of alkalies and/or alkaline earths (oxides of Ca and Mg). 1If
the alkalies exceed about 6 percent, .processing problems Arise because
the material has a tendency to stick and ball up in the kiln. The émount
of iron is not critical, although if present as pyrite (iron sulfide), it
appears to be more easiiy converted to a usable form than if present as
hematite (iron oxide). Some free silica is also .necessary; this is

usually present in clay deposits as disseminated quartz sand grains.
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During heating, chemical reactions produce SOZ’ HZO’ and COZ; these
gases expand the material to produce the vesicular structure. Although
carbon i; believed by many to be the bloating agent, many clays contain-
ing little carbon have excellent bloating.characteristics,wheréas'others
high in carbon will not bloat. The evaluation of,thelbloating character -
istics of a clay, shale, or slate is largely based on heating tests and
experimentation rather than Bn chemical analysis. Thus, it is apparent
that bloating in clays requires the presence of a certain amount of
impurity, and does not require the pure beneficiated clays we normally
associate Vith ceramic materials./ In turn; such impure clay deposits
are widespread, and the possibilities of locating suitable

., .
deposits are generally very good. Raw clay is normally oﬁfained by strip
mining, the equipment used being dependent on the type and location of the
deposit. Bulldozers, shovel;, pans, and end loaders are commonly employéd;
Sauerman%type drag scrapers commonly are used if the deposit lies under
water. Characteristically, for any ;ggrégate, the marketing radius of a
particular plant is limited by transportation costs. Iﬁ general, in areas
oflgood transportation with well developed facilities, the range is
limited to about 150-200 miles. When determining the economic feasibility
of a clay deposit, its proximity to transportation and fuel supply are .

important. Although kilns may be fired with gas, oil, or powdered coal,

coal or oil require additional storage and handling facilities.

18



Two types of equipment are used for bloating, the rotary kiln,
and sintering grates.

Rotﬁ;z kiln.--Normally the rotary kiln is the same type as used
in cement making, though of smaller size,.generally ranging from
approximately 50 feet to 175 feet in length. The raw material is fed
from the high end. The fuel, which may be gas, fuel oil, or powdered
coal, is burned with a controlled long flame throughout the length of
the kiln, the flame traveling counter to the flow of material. Tempera-
tures range from about 1,600o to 2,400° F. Fuel cost obviously is a
limiting economic factor. Materials that will bloat at a minimum
temperature and still produce a strong aggregate are most‘desirable,
because loﬁer temperatures require less fuel.  The shorte; the kiin
retention time, the lower the cost and the greater the production; in
general>the retention time required in the kiln is about 45 minutes.

The majority of synthetic-aggregate producers use rotary kilns,.
because generally they are more trougle free and produce a higher-
quality, more uniform material than sintering grates. for feed for
roﬁary kilns, shale and slate are crushed to 1% to 2 inches in size;
feed may be in the form of pellets, chunks, or. lumps. Heated, expanded
material from the kiln is poured into a storage pit that may be partly
filled with water, where cooling takes place, or into cooling tubes,
which are mounted on the discharge as an integral part of the kiln;
the cooled material is then crushed and sized for market. Kilns are
operated on a 24-hour-a-day, 7-da§s-a-weék schedule, owing to the length

of time required for start up and shut down.

19-20



Sintering ggates.-;The ;intering method is not dependent on bloat-
iné or expanding of the raw material, though these may také place.
Rapid heating at sufficient intensity cauges individual particles to
agglomerate into a coherent, homogeneous, arnd porous material. Briefly,
feed for the sintering process is prépared by crushing shale and slate
to % mesh and finer, and mixing with 5 to 10 percent of coal or cokg.
If clay is used, it must be moist and mixed with fuel. This feed is
spread mechanically on a moving grate in a layer 6 t§ iO inches thick.
The sintering furnace consists of a continuous traveling gréte approxi-
mately 5 feet wide and 50 feet or more in iength. The grate charged
with raw materials moves under a fire box where the fuel,tpdxed w;th
the clay or shale, is ignited; combustion is continued th; length of the
grate; wind boxes supply forced‘draft. Sintered material drops off the
end of the grate in chunks and is cooled, crﬁshed, and sized,as is the
discharge from kilns. Advantages of the sintering process are that some
raw materials that will not bloat can be sintered. Sinter grate plants
also lend themselves to a start-and-stop or periodic type of operationm.
A disadvantage is that the high temﬁératures and the ﬁighly abrésive
nature of the sintered material require frequent preventative maintenance
of the grates; another disadvantage is that the sintered material is

generally not as uniform nor as good quality as that produced from kilns.
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Uses.--The uses of light-weight aggregates are as varied as those
for natural aggregates: concréte of all types for buildings, floor
and roof'slabs, bridge decking, concrete blocks, prestressed beams,
railroad ballast, and highway constructio;.. Crushing strength of
concrete made with expanded clay and shale aggregates may reach several
thousand pounds per square inch, depending on proper aggregate and mix.
Such strength is adequate for most uses, but not for extremely high
strength concrete which must sustain multi-thousands of poundg in
crushing strengths, and requires very strong, dense aggregate.

In the United States a premium price is paid for light-weight
aggregates in competition with natural aggregates because of the more

iy .

favorable strength-to-weight ratio and the better insulating an&
acoustical qualities. In the construction of multi-stﬁried steel -framed
buildings, bridge decks, etc., concrete made with sand, gravel, or
crushed stone weighs 145 to 150 pounds per cubic foot compared with 50
to 90 pounds per cubic foot for expaﬁﬁed*aggregate concrete., This weight

reduction results in reduced costs made possible by the use of less steel.
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INVESTIGATIONS IN THE CHITTAGONG AREA
h Geology

The areas investigated near Chittagong are underlain in part by
Holocene flood plain deposits and in part by Terfiary and Pleistocene
beds (see fig. 2). The banks of the Karnaphuli River and cuts along
the Chittagong-Kaptai road provide excellent cross sections of the
rbck units. In Chittagong and its suburbs, rocks are exposed mainly
along road cuts, and those along the Ghoramara-Hathazari road
are the best expoéed.

Rocks of the area can be divided into six formations, from top
to bottom: Dihing Formation (Pliocene-Pleistocene); Dupti Tila Forma-
tion (Miocene-Pliocene); Girujan Clay (Miocene); Tipam Sandstone (early
Miocene); Boka Bil (early Miocene); and Bhuban (Oligocene-Miocene)
Formations (fig. 2). Formation thicknesses are given in the measured
sections below. Rock divisions are based purely on lithologic character-
istics, as the extreme paucity of fossils makesit impossible to determine

exact ages of the formationms.
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Tertiary deposits

The Girujan Clay, Tipam Sandstone, Boka Bil, and Bhuban Formations
are well exposed on the western limb of the Sitapahar anticline from
Silchari to Chandraghona, both along the Chittagong-Kaptai road and along
the Karnaphuli River. The Boka Bil and the Bhuban Formations also are
exposed on the eastern limb of the anticline, but the Girujan Clay and
Tipam Sandstone do not crop out there. The Boka Bil is transitional
between the Bhuban and the overlying Tipan Formation. In all formations
lateral variations in lithology are greaf between Chandraghona and Kaptai.

The Dupi Tila Formation is well exposed between Pahahtali and
Rangunia along the Chittagong-Kaptai road. It also crops out in and
along the Karnaphuli River, and in cuts on the Kaptai road near Chandraghona.
The Dupi Tila is p;incipally sandstone. It is easily identified in the
field by its massive, thick-bedded,poorly consolidated character and
its yellow to yellow-brown color. 'The contact between the Dupi Tila and
the underlying Girujan Clay is sharp and conformable; the lower contact
of the Girujan is locally unconformable.

The Dihing Formation consists of sand and cléy and is present north

of Chittagong.
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Section from near Chandraghona village east along the Chittagong-

Kaptai Road to the Sitapahar anticlinal axis. ‘[ﬁkasured by M. A,

Maroof Khan, 1969/.

. Thickness
Lithologic description (in feet)

Dupi Tila Formation:

Sandstone and minor amounts of claystone and silty

shale:

Sandstone is yellowish brown, fine éo medium
grained, massive, at places thick bedded, cross-
bedded, very poorly consolidated; grains sub-
angular to subrounded, moderately to poorly
sorted; small clay galls and pellets randomly
distributed; quartz and rock granules and fine
to very coarse (5 to 60 mm) pebbles haphazardly
distributed and also concentrated in certain
sections; subrounded granules and fine to medium-
size pebbles predominate; calcareous shaly pel-
lets and partly silicified wood also observed.
Pockets and lenses of shale and claystone within
sandstone; very thin (1 to 4 mm) ferruginous bands
along bedding planes, some surfaces strained with
ferrﬁginous material, shale layers and shale and
claystone beds at some places. The rock weathers
to dark brown, brown, yellowish brown, whitish

yellow, and pinkish brown.
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Lithologic description

Dupi Tila Formation (continued):

Near the top, the rock is very much weathe;ed;
feldspar and mica are largely removed and
the rock becomes grayish white to yellowish
Whiteseeoaruieaeoessveasceccvorecenscssncsasoas

Giru#tan Clay:

Silty shale is light to dark gray, laminated,
jointed; whitish-gray silt particles along
the bedding planes, calcareous shaly concre-
tions elongated parallel to bedding at places;
silty shale weathers to yellowish gray and silt
particles weather to brown.
Sample Ch=1 I, II, IIT ..0vcconcrcscencscocsans

Sandstone and subordinate shale:

Sandstone is grayish yellow, medium-grained, sub-
rounded; qlay gall pockets at places; massive
to thick bedded, weathers brown......cecevcceeeess
Shale is gray, thin-bedded, whitish-gray silt
particles along the bedding planes; weathers
bluish gray.
Sample Ch-2 I, II, III .i.cceecerecocscnccccnns

Total Girujan Clay=---~c---ccmccccmccacacccaanaa-.
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(in feet)

1540

700

295

155
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Thickness

Lithologic description (in feet)

Tipam Sandstone:
Sandstone and subordinate shale:

Dominant sandstone at the base and at the middlé,
thick~bedded sandstone and shale, laminations
near top. About 12 foot-thick bed of ﬁroken
shale piéces, clay galls, and pellets are inter-
bedded in sand grains near the top; some of the
clay galls are also broken, |

Sandstone is yellow, fine~- to medium-grained sub-~
roundgd, moderately to well sorted; massive,
soft, crossbedded; weathers brown,

Shale is gray, thin-bedded, weatﬂers grayish yel-
low., Sample Ch-3 II .

Unit thicknessS....ecececessescssccssenscssnscsncns 375

Alternating sandstone and shale:

Sandstone is 2 inches to 2 feet thick, regularly
interbedded with shale; weathers brown.

Shale is gray, beds range in thickness from 2 to
6 inches; weathers grayish brown (thick sand-
stone at the base).

Unit thickneSS., ceeeevensoosccsccsosccasosonesss 325
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: Thickness
Lithologic description (in feet)

Tipam Sandstone (continued):

Alternating shale, silty shale, and sandstone:

Shale and silty shale is gray, laminated to thin
bedded; fine light-gray silt particles between beds;
beds range in thickness from 4 to 6 inches; jointed;
weathers whitish gray, grayish brown and yellowish
brown.

Sandstone is light yellow to light brown, fine to
medium grained; grains are subangular to subrounded;
beds range in thickness from 4 inches to 1 foot,
Weathers brown.

Unit thickness......iceeeeeverriacesecncscncsssananans 505

Sandstone, yellowish brown to grayish brown, massive
to thick-bedded, fine- to medium-grained; grains are
subangular to subrounded, moderate to well sorted;
moderately hard, highly crossbedded; contains
ferruginous sandy concretions, infrequent clay galls

and pellets, and weathers DroWn....:eccoeevsssssssss 325

Total Tipan Sandstone-=-=--weeceececccccccncccancnaana 1530
Boka Bil Formation:
Shale is gray, fissible, highly cleaved, weathers

light yellow..... ceevas tceerecsaanns cerescsnecectans 93
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Thickness
Lithologic description ) (in feet)

Boka Bil Formation (continued):

Alternating silty shale and sandstone:

Silty shale is gray, thinly bedded, silt particles

at the parting of beds; weathers light broén.
Sandstone is yellow, fine-grained, subangular,

massive to thick bedded, weathers brown,

Unit thickness..eeoiiiveeaneresoceeetnccncncconcanans 177
Silty shale, gray, laminated, fissle, highly cleaved;

silt particles between laminae; weaghers grayish

yellow,

Sample Ch=5 II ceveevesaccosscnccscssssssncnnsanass 88

Alternating silty shale and sandstone:

Silty shale, gray, laminated, interbedded with yellow

to gray fine-grained sandstone that ranges in thick-

ness from % to % inch and weathers browhoe.eeeeceoss 84
Shale, dark-gray, laminated, fissle, highly cleaved;

silt particles along the layers; weathers whitish

gray; silty shale at the top.

Sample Ch=6 IL svvuiivserensonotssenaconcanscancssas 116
Sandstone, ygllow, fine-grained; grains subangular;

massive, weathers brownish yellow....ecvevesnnceoases 82
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Lithologic description

Boka Bil Formation (continued):

Shale, gray, laminated, fissile, highly cleaved;
interﬁedded with fine-grained yellow sandstone
which ranges in thickness from % to % inch.

These alternating beds occupy a 50-foot inter-
val above the base. Shale weathers bluish gray
and light yellow.

Sample Ch-7 I-III, 8 I-III, and 9 I-III.......

Sandstone is greenish gray, fine-grained, massive
ridge forming; grains subangular; moderately
hard, very crossbedded; claystone pockets near
the top; a few calcareous concretions and cal-
careous bands (i foot thick) parallel to bedding;
weathers light brown,..eeccecescessescocccansaces

Alternating shale, silty shale, and sandstone......

Silty shale, gray, laminated, fissile; fine sand
grains between the layers; weathers yellow,
silt and shale in equal amounts,

Sample Ch=l10..eeceeeeeosasssscssseoscsosansccannncs
Siltstone, shaly siltstone and sandstone....e.....

Total Boka Bil Formation-e==----seeecccececcccnnnann

Thickness

(in feet)

1785

144

582

730
432

4313



Lithologic description

Bhuban Formation:
Sandstone is greenish gray, very fine grained,
medium to thick bedded, moderately hard;

grains subangular; weathers light gray and

whitish gray; shale beds 2 to 3 inches thick

At PlaceS.seeccsssercscassccosssoscastossosssscscs
Alternating siltstone and shaly siltstone, gray,

thin-bedded, moderately hard; cliff forming;

weathers yellowish gray and whitish gray.........

Shale, yellowish gray to bluish gray, thin-bedded,
highly cle;ved, jointed; some surfaces coated
with black material; weathers light yellow and
whitish gray.

Sample Ch=-12 I, II, III .uceverncvrencuoroancanes
Alternating sandstone and shale....eeeevveranccenas
Shale, bluish gray, bedded, minor joints along the

dip direction; weathers yellowish gray.

Sample Ch=13 I, III ....e0vec0c0ce0sovcosconaoscnce
Shale and silty shale, bluish gray, thin-bedded,

brittle;.fine sand grains between the layers;

cleaved; moderately hard siltstone and shaly
siltstone toward the bottom. Rocks weather to
yellowish brown.

Sample Ch~l4 L I I R B R R A I I I I I I A A N X
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214

576

540

86

215



Thickness
Lithologic description (in feet)

Bhuban Formation (continued):

Alternating thin-bedded sandstone, siltstome, silty
shale,.and claystone:

Sandstone, yellow to grayish yellow, very fine
grained; grains are subangular; thin- to medium-
bedded, moderately hard, weathers brown.

Siltstone, gray, medium-~-bedded, moderately hard;
very fine sand grains and mica flakes between
bedding planes; weathers yellowish brown to light

| brown.

Silty shale, bluish gray, laminated; very fine sand
grains in the beds, mica flakes between the parting
of layers; weathers yellowish brown,

Sample Ch-16 ~

Claystone, bluish gray; 1 to 2 inches thick; has
concoidal fracture; brittle, weathers dark gray.
Unit thicknesSS.ssescesseescsscccssssesososssscssenconse _ 52

Total Bhuban Formation---=-=sececcccccecccncccnccencccecna-~ 1957
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Section from the Toll Gate, Kaptai, west along the Kaptai-Chittagong

anticlinal axis. /Measured by M. A. Maroof Khan, 1969/.

o Thickness
Lithologic description (in feet)

Girujan Clay:

Shale, silty shale, and claystone with calcareous
bands: Shale and silty shale: Light gray, thin-
to thick-bedded; light gray fine sand grains
along the bedding planes which weather brown;
calcareous bands 1 to 4 inches tﬂick occur at
places and weather to light brown; in some places,
shale becomes calcareous in the same horizon. The
shale weathers yellowish gray.‘ The calcareous bands
stand out prominently where weathered.

Sample’ K=1 to K=8...cuvesevccscscscassssacessossssesss 430

Alternating siltstone and sandstone:

Siltstone, light gray, thin-bedded, ranges in thick-
ness from % to 1% inches, weathers brown.

Sandstone, yellow, fine-grained, poorly consolidated,
weathers brown. Grains subangular,

Unit thickneSS.na-o--...oo-atcaou.toutocot.uo-..-l.-. 690

Total Girujan Clay--=~=rermmenecraercererre e e e ———— 1120
Tipam Sandstone!
Sandstone, gray to greenish gray, massive, hard,
fine-gr;ined; grains are subangular; crossbedded,
forms cliffs; occasional ferruginous concretions

parallel to bedding; weathers yellowish brown........ 1550
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Lithologic description

Boka Bil Formation:

Silty shale, gray, thin-bedded, highly cleaved;
siltkparticles between the beds, a few cal-
careous bands of about 2% inches thick parallel
to bedding; claystone horizon about 28 feet
thick at the base, The silty shale weathers
yellowish gray.

Sample K=10 Ta, Ib, II, IIL i..evevoocoacaccccns
Sandstone, gray, fine-grained, massive, crossbedded;
grains subangular; weathers yellow to yellowish

brown; cOmposed-of quartz, feldspar, mica, and
black and green accessory minexalS..eesececcccscs

Claystone, gray, bedded; has concoidal fracture;
contains calcareous concretions; weathers
Whitish @ray...eeeeeceosceocsssscascscssnnconcan

Sandstone, gray, fine-grained, crossbedded,
weathers yellow to yellowish brown, composed
of subangular grains of quartz, feldspar, mica,
and black and green accessory mineralS.....eeeees’

Shale, gray, thih- to medium-bedded; some claystone
balls ellipsoidal in shape, with axis parallel to
bedding; silt particles between the laminae;
weathers whitish gray.

Sample K‘ll II S e 82 0000 0c0cssr0ss0sIPRsGRe

oo s 00
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Thickness

(in_feet)

399

60

12

70



Thickness

Lithologic description (in_feet)

Boka Bil Formation (continued):
Sandstone, light gray, massive, fine-grained;
graiﬂs are subangular, crossbedded; weathers
DLOWN e seeracenassosssscssncncsessasssanssncanes 200
Shale and claystone, gray, laminated, highly
cleaved, jointed; weathers whitish gray and
grayish yellow.
Sample K-123 K=13 I, II, IIT¢eius weuvovorconnns 202

Sandstone, shale and claystone!

Sandstone, yellow, fine-grained, massive to thick-
bedded, weéthers brown. Interbedded with shale.
Shale, gray, laminated, weathers bluish gray.
Shale and claystone, about 200 feet thick; occurs
between the massive sandstone-shale and silty
shale alternating units,
Sample K-14 1II1
Unit thicknessS..eeeeeececoccascseseaoreascnrssnns 500
Silty shale, gray, thin-bedded, fissile, highly
cleaved; weathers whitish gray and yellowish gray.
Sample K-16 II, IIIl..... itcieetcseesstvresaants 666

Sandstone and subordinate siltstone:

Sandstone, light yellow, fine- to medium-grained;
grains are subangular to subrounded; massive to
thick bedded, soft; ferruginous cementing material;

weathers light brown.
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Lithologic description

Boka Bil Formation (continued):

Siltstone, light gray, medium-bedded, moderately
hard; mica flakes along the bedding planes;
weathers yellowish brown.

Unit thicknesSS..eececersccssscoscacososossossssnsse
Shale and silty shale:

Shale, gray, fissile, highly cleaved, brittle;
some surfaces coated with black material;
weathers yellow,

Sample K=17 I, III.vceececcsvssceccscsasaanssosss

Alternating shale and sandstone: Thickness of shale
and sandstone ranges from 6 inches to 1 foot and
1 to 3 inches respectively.cceciceeoessoaccancoscnscs

Siltstone, séndstone, and subordinate silty shale
A0A SHALE. 1 eusnrernoreraesorenensonnssasncensanes

Shale, silty shale and shaly siltstone alternations
(silty shale at the tOP)ecivccscacsscccasnccccnns

Shale and silty shale:

Shale, gray, laminated, fissile, cleaved; weathers
yellowish Drown..cceceeceovccecrevossccscces
Silty shale, yellowish gray, laminated, moderately
hard, jointed, weathers brown.
Sample K-18 I, III .
Unit thicknesSS..eeesccscosssacossesscssrscsccncans

Total Boka Bil Formation=~-==e-e=ececcrccccecnne-caa-
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(in feet)

615

150

400

230

500

4200



Thickness
Lithologic description (in feet)

Bhuban Formation:
Sandstone and subordinate shaly siltstone:

Sandstone, yellow, fine-grained, medium- to:thick-
bedded, moderately hard; grains subangular; cal-
careous and ferruginous cementing material, mica
flakes along bedding planes; some surfaces stained
with black material, weathers yellowish brown and
dark blackish brown; shaly siltstbne horizon
approximately in the middle of the sandstone bed... 420

Shale, silty shale and subordinate shaly siltstonme:

Shale, bluish gray, laminated, highly cleaved,
brittle, well jointed, weathers gray to light
brown,
Shaly siltstone, light gray, medium-bedded, moderately
hard to hard; some surfaces coated with brown ferru-
ginous materials along the bedding planes; very fine
sand grains within the layers; stands against
weathering; weathers brown.
Samples K-19, K-20, XK-21, K-22, K-23, and K- 24 I, II, III.
Unit thickness...ue.oiiieesevernsnsssncserrassnssace 1325

Total Bhuban Formatione=-~e--c-cccmcmccnncancnncccccaa- 1745



The alternating beds of shale, siltstone and fine- to medium-
grained sandstone exhibiting crossbedding, current ripple marks, and
concretions suggests that the Bhuban and Boka Bil \

Formations were deposited in a deltaic enviroqment. The textural
variations and the great thickness of the formations are suggestive

of an unstable basin that was subsiding concurrently with sedimentation.
The fissility and the fine graiﬁ size of the shale of the Bhuban Forma-
tion are indicative of relatively quiet water deposition. The highly
cross 1ahinated, massive, thick sands;one was deposited in shallow
water having high current velocities.

The yellowish-brown, massive, poorly consolidated, fine- to
medium~grained sandstoqe, together with pellets and clay galls and
quartz and rock granules of the Dupi Tila Formation suggest continental
fluviatile deposition in a flood-plain enviromment. The yellow and
brown color of the sandstone seems to indicate
well -drained areas in a tropical, wet climatic region that was
characterized by hot summers and heavy rainfall where sediments were
thoroughly oxidized and dehydrated. The light-gray sandstone
generally seen at the top of the section indicates that the deposition
took place in.stagnant water with limited oxidation. The pink and
white color of shale beds found in a few places are probably the results
of localized oxidation. Clay galls, probably formed where the meander-
ing streams undercut flood plain deposits, were deposited with the next

cycle of sand deposition in flooded streams.
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Holocene deposits

Holocene flood-plain alluvium covers the Warapara area. It was
penetrated by all holes augered in the Rangunia and the Bhatiari areas
and by augeg hole N4 in the Nasirabad area. The'Holocene sediments
were deposited on the.eroded surface of the late Tertiary sedimentary
rocks. The Holoceﬂe'sédbments are generally gray to yellowish gray,
loosely compacted, and have a moderate water content. Sediments can
be separated into three beds as follows:
. Upper bed: Clay and clayey silt are the main constituent of this
bed; the color ranges from light gray to gray. Silt and clay are loosely
compacted anq\pontain humus; thickness ranges from 0.2 to 3 feet.

Middleiﬁed: The middle bed is mainly clayey silt and its color
rangeé from yellow to brownish yellow. It is loosely compacted and:
conthips‘abundant yellowish-brown ferruginous material. Thickness
ranées.ffom 1.5 to 9 feet.

waer bed: The lower bed is mainly silty clay; in some holes it
is predoﬁinantly clay. It is greenish gray to light yelloﬁ; very fine
grained sand is presert at the bottom of this bed in holes Bh;; and
Bh13. Thickness ranges from 1 to 8.9 feet. Smal; amounts of vegetaﬁle
matter of blackish to peat-brown color are found in some holes. The

.alay is sticky and has a soapy feel.
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Structure

The area mapped contains three major anticlines and two synclines.
The Sitapahar anticline on the east side of the mapped area is asym-
metrical; its axis trends north-northwest. The crest of the anticline
is broad and the limbs are steep. The western limb has fairly uniform
high dips ranging from 50° to 75°. The beds generally dip toward the
southwest; on the eastern flank they dip northeast. Near Kaptai Toll
Gate the beds dip from 4° to 129, near Prankhiang Creek they dip 70°,
whereas from Jamai Creek to Silchari, the dip ranges from 5° to 38°.
The Bhuban Formation, at the center of the anticline, is the oldest
formation exposed. |

| The axis of the asymmetrical Pomara anticline trends north-

northwest. The beds generally dip from 6° to 24° northeast on the
eastern flank and from 4° to 52° on the western flank. The center of
the anticline is very broad,and siltstone of the Dupi Tila Formation
and the Girujan Clay are exposed. ’

The axis of the asymmetrical Chittagong anticline strikes north-
northwest and plunges southward. The dips on the eastern and western
1imbs range from 4° to 53° and from 10° to 64° respectively. Near

the axis the dip ranges from 4° to 9° southeast. The

Bhuban Formation is exposed in the center of the anticline.
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Between the Chittagong and the Pomara anticlines is the broad
Halda syncline in wﬂich the Halda River flows. The rocks near the
synclinal axis are completel& concealed by Holocene alluvium. The
Rangunia syncline lies between the Sitapahar and the Pomara anticlines.
On the west limb the beds dip about 4° west, whereas near Rangunia
dips are from 12° to 24° northeast. The center of the syncline is
composed of claystone and sandstone of the Dupi Tila Formation, but
between Rangunia and Chandraghona the synclinal axis is concealed by
alluvium.

Threg faults cut the Sitapahar anticline; two are near the
Karnaphuli Toll Gate and one is on the western flank in the vicinity
of Chandraghona.

A major fault on the west flank of the Chittagong anticline strikes
approximately north, and the downthrown side is on the west. Several
minor faults are roughly parallel to the major fault near Ghoramara.
The southwest flank of the Chittagong anticline is cut by numerous
minor faults that trend at approximately right angles to the dip of

the beds.
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Field and laboratory prxocedures
A reconnaissance survey was made on April 19, 1968, and from
December 15 to 29, 1968, to locate clay an& shale deposits. Recon-
naissance ;amples were taken along the highways:, railway lines, and
power lines within a radius of 35 miles of Chittagong (fig. 2), and
also from outcrops exposed along the Chittagong-Kap;ai road. Select-

ion of the rocks samples was made on the basis of information by
Chew (written commuh., 1965). ‘

During the reconnaissance-work three auger holes were drilled
and one pit was dug in the Rangunia area; another pit was dug in the
Warapara area, and one also in the Bhatiari area. The depth of the
auger holes ranged from 8 to 12 feet and the pits from 7 to 14.5 feet,
Seven samples from outcrops were collected from the Kaptai area and
8 from the Chandraghona area. Reconnaissance samples were tested in an
oil-fired muffle furnace to determine amenability to bloating,

On completion of the reconnaissance studies, the five most favor-
able areas, Kaptai, Chandraghona, Rangunia, Warapara, and Bhatiari,
were selected for detailed sampling. The Nasirabad and Ghoramara
areas were sampled after the completion of the geologic mapping of the

Chittagong anticline revealed the lithologic similarity of formations

there to those of the Sitapahar anticline.
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The holes in the Rangunia area were spaced from 240 to 4,640 feet
apart. The minimum and maximum spacing between adjacent holes in the
Warapara aqd the Bhatiari areas is 2,200 to 2,800 feet and 1,000 to
1,400 feet, respectively. Seven auger holes were drilled in the
Rangunia area, five in the Warapara area, and six in the Bhatiari area.
In addition three pits were dug in the Rangunia area, one in the
Warapara area, one in the Nasirabad area, and one in the Bhatiari area.
The depth of auger holes ranges from 8 to 12 feet in the Rangunia area,
10 to 16 feet in the Warapara area, andA7 to 14 feet in the Bhatiari
area. Thirty-four samples were taken from outcrops in the Kaptai area,
25 from the Chandraghona area, 10 from the Rangunia area, 6 from the
Nasirabad area, 6 from the Bhatiari area, and 8 from the Ghoramara area.
Logs of all the auger holes and pi;s and descriptions of outcrops are
given in table 1.

Sampling method

Sa&ples were collected from the claystone, shale, and silty shale
_ beds of appreciable thickness in the formations exposed along the road
and the creeks. Samples were collected in cloth bags 9 inches by
12 inches and were approximately of 5 pounds in weight. At least one
sample was taken from the top, middle, and bottom of the same rock unit;
additional samples were taken where any change in lithology occurreg.

An individual unit, if thin and of uniform composition, was sampled from
the middle; if it were comparatively thick, two samples were takeq)from

the top and from the bottom.
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As it is desirable in commercial operations to mine the entire
deposit with a minimum of selective spoiling of any layer, only a
composite sample was taken from all the auger holes and pits; this
composite, which was tested, represents the entire section. The
authors recognize that the blend used in these composite samples
(equal amounts of sediment from each layer) may not be the optimum
mix to produce the strongest bloated material, but such an optimum
mix can be determined only by use of ; pilot kiln to produce enough
aggregate for making concrete test cylinders.

Numbering of samples

The sample numbering system is tied to the geographic area; the
letter K designates the Kaptai area and the letter R indicates that
the auger holes, pits, and outcrops were within' the vicinity of
Rangunia (see table 1 for other designations). Auger holes or pits
are designated by the area letter and a subscript (Ry); if followed
by the number 3 (R1-3), the sample is a composite for the entire
section of that hole or pit. Outcrop samples are designated by area
letter plus a number, for example K-10. The number K-10 followed by
I, 1I, or 1III indicates the position of the sample within a rcck unit,
as top, middle, and bottom respectively. I1f two samples were taken
from the same unit because of a lithologic difference, they are different-

iated by a or b.

44



Table 1.--Description of samples tested, Chittagong and Chittagong

Hill Tracts.

Depth of sample for

Sample number pit and auger holesl/

(in feet)

Description

Kaptai area

K- 1 0
K- 2 0
K- 3 0
K- 4 0
K- 5 0
K- 6 0
K- 7 0
K- 8 0
K- 9 0
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Silty shale: 1light gray, thin
bedded.

Claystone: light gray, thick
bedded

Silty shale: 1light gray, thin
bedded.

Silty shale: 1light gray, thin
bedded.

Shale: 1light gray, thin to thick
bedded.

Shale and claystone: 1light gray,
thick to medium bedded.

Silty shale: 1light gray, thin
bedded.

Shale: light gray, thin to medium
bedded.

Shale: 1light gray, laminated.



Table 1.

Desctigtiop of samples tested, Chittagong and Chittagong
Hill Tracts (continued)

Sample number

Depth of sample for
pit and auger holesl/
(in feet)

Description

Kaptai area (cont'd)

K-10

K-11

K-12

K-13

K-14

K-16

K-17

K-18

K-19
K-20

K-21

K-22

I1a
Ib
11
II1

I1

11
111

I1

11

II1

111

III
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{;ilty shale: gray laminated.

Claystone: gray.
Shale: gray, thin to medium bedded.
Shale: 1light gray, thin to medium

bedded.
[?hale and claystone: gray, laminated.

Claystone: gray.

{%ilty shale: gray laminated, fissle.

Shale: gray, fissle.
Silty shale: gray, laminated.

{?hale and silty shale: gray, laminated.

Shale: bluish gray, brittle.

Silty shale: gray, laminated.

Shale: bluish gray, thin to medium
bedded.

Shale: bluish gray, thin bedded.



Table 1.

Description of samples tested, Chittagong and Chittagong

Hill Tracts (continued)

Depth of sample for
pit and auger holes

Sample number
(in feet)

Description

Kaptai area (cont'd)

K-23 0
K-24 1 0
11
III

Shaly siltstone and shale: gray,
medium bedded.

hale, silty shale and shaly silt-
stone: gray, thin to medium

bedded.

Chandraghona area

Ch-11 0
11
I11
CH-2 1 0
II
I11
CH-3 II 0
CH-5 II 0
CH-6 11 0
CH-7 0
CH-8 0
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jéilty shale: 1light gray to bluish

i gray, laminated.

r
i?hale: gray, laminated.

Shale: gray, thin bedded.

Silty shale: gray, thin bedded.

Silty shale: gray, thin bedded.

Shale: gray to bluish gray, thin
bedded.
Shale: gray, laminated, fisdle.



Table 1. Description of samples tested, Chittagong and Chittagong

Hill Tracts (continued)

Depth of sample for .
Sample number pit and auger holesl! Description
(in feet)

Chandraghona area (cont'd)

CH- 9 I 0 {fhale: gray to yellowish gray,
gx laminated.
CH-10 0 Shale: blackish gray, to bluish
gray, laminated.
CH-12 I 0 {?hale: yellowish gray to bluish
%%I gray, thin bedded.
CH-13 I 0 %hale: bluish gray
III
CH-14 0 Shale: gray, laminated, fissile.
CH-16 0 Silty shale: gray, thin bedded.
Rangunia area
Ry -3 P, 0.0 - 6.0 Silty clay: 1light gray.
Ry-3 . _4A, 0.0 - 8.0 Silty clay:' light yellowish gray.
R3-3 A, 0.0 - 7.3 Silty clay: yellowish gray.
R,-3 A, 0.0 - 0.5 Clay: gray.
0.5 - 7.0 Silty clay: yellowish gray.
7.0 - 12.0 Silty clay: gray.
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Table 1. Description of samples tested, Chittagong and Chittagong
Hill Tracts (continued)

Depth of sample for - :
Sample number  pit and auger holesl! Description
(in feet)

Rangunia area (cont'd)

Rs- 3 A, 0.0 - 8.5 Silty clay: whitish yellowish.
8.5 - 12,0 * 8ilty clay: dark gray.

Rg- 3 A, 0.0 - 0.5 Silty clay: yellowish gray to gray.
0.5 - 6.5 Silty clay: yellowish gray.
6.5 - 10.0 Silty clay: gray

Ry- 3 A, 0.0 - 7.3 Silty clay: grayish yellow.
7.3 - 12,5 Silty clay: &ellowish gray.

Rg- 3 P, 0.0 - 8.0 Silty clay: whitish yellow.
8.0 - 12.5 Silty clay: dark gray.

R-10 II 0 Shale and silty shale: gray, thin

bedded.
111 : Cléystone: light gray to gray.
R-12 0 Silty shale and claystone: 1light

gray to gray.

R—13-3 A, 0.0 - 0.2 Silty clay: yellowish gray.
0.2 - 5.0 . 8ilty clay: yeliow.
5.0 - 8.0 Silty clay: gray, sticky.
Ry4-3 P, 0.0 - 7.0 Silty clay: yellowish gray.
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Table 1. Description of samples tested, Chittagong and Chittagong Hill

Tracts (continued)

Depth of sample for
Sample number pit and auger holesé! : " Description
(in feet)

Rangunia area (cont'd)

R-15 II 0 Shale and claystonme: gray, laminated.
R-16 0 . Silty shale: gray, laminated.

R-17 0 . Silty shale: yeilowish gray.

R-19 II 0 Silty shale: 1light gray, thin bedded.

Warapara area.

Wy-3 A, 0.0 - 8.0 Silty clay: 1light yellow.

8.0 - 15.0 Silty clay: gray to blackish gray.
Wy-3 | P, 0.0 - 9.0 Silty clay: 1light yellow.

9.0 - 14.5 Silty clay: dark gray.
W3-3 A, 0.0 - 9.0 . Silty clay: light yellow to grayish

yellow.

9.0 - 16.0 S8ilty clay: gray to greenish gray.
W, -3 A, 0,0 - 8.5 Silty clay: 1light yellow.

8.5 - 15.5 Silty clay: gray to greenish gray.
W5-3 A, 0,0 - 0.5 Silty clay: gray,

0.5 - 7.5 Silty clay: yellowish gray.

7.5 - 10.0 Silty clay: greenish gray.
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Table 1. Description of samples tested, Chittagong and Chittagong

Hill Tracts (continued)

Depth of sample for . :
Sample number pit and auger holesl/ Description
~ (in feet)

Nasirabad area -

N-1 - 0 Silty claystone: 1light gray.
N -2 Ia 0 * Claystone: gray, bedded.

Ib 0 Silty shale: gray, thin bedded.
N -3 0 | Silty claystone: 1light gray.
N,- 3 P, 0.0 - 8.0 Silty clay: light yellow.
N -5 0 Silty claystone: light gray,

thin bedded.

N -6 0 Claystone: Llight gray, medium bedded.

Bhatiari area

Bh-1 0 Shale and claystone: gray to

blackish gray, thin to medium bedded.

Bh- 2 0 Shale: gray, fissile.

Bh- 3 0 Shale: gray, fissile.

Bh- 4 | 0 Shale: gray, laminated.

Bh- 5 0 Claystone and shale: gray, thin bedded.
Bh- 6 " 0 Claystone: light gray, bedded.
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Table 1. Description of samples tested, Chittagong and Chittagong
Hill Tracts (continued) !

Depth of sample forll
Sample number pit and auger holes= : " Description
(in feet)

Bhatiari area (cont'd)

Bh 7" 3 A, 0.0 - 1.5 Silty clay: light gray.
1.5 - 3.0 Silty clay: yellowish gray.
3.0 - 8.0 Silty clay: gray to bluish gray.
8.0 - 14.0 Clay: bluish gray, sticky.

Bh g- 3 A, 0.0 - 3.0 Silty clay: yellowish gray.
3.0 - 6.0 Silty clay: brownish gray.
6.0 - 14.0 Silty clay: bluish gray, sticky.

Bh g- 3 A, 0.0 - 1.2 Clay silt: grayish yellow.

' 1.2 - 3.5 Silty sand: yellow, very finé grained.

3.5 - 5.0 Silty clay: brownish gray.
5.0 - 13.0 Clay: bluish gray, sticky.

Bth' 3 A, 0.0 - 1.2 Silty clay: grayish yellow.
1.2 - 4.1 Silty sand: yellow, very finme grained.
4,0 - 13.0 Clay: bluish gray, sticky.

Bhll- 3 P, 0.0 - 6.0 Silty clay: whitish yellow.
6.0 - 6.5 Sand: yellow, fine grained.
6.5 - 7.0 Sand: gray, fine grained.
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Table 1.

Hill Tracts (continued)

Description of samples tested, Chittagong and Chittagong

. Depth of sample for1
Sample number

pit and auger holes=— Description
(in feet)
Bhatiari area (cont'd)
Bhip- 3 A, 0.0 - 2.5 Clay silt: yellow.
2.5 - 5.0 Silty clay: brownish yellow.
3.0 - 6.0 Silty clay: yellowish gray.
6.0 - 7.0 Sand: 1light yellow, very fine grained.
Ghoramara area
G -1 0 Silty shale: 1light gray, bedded.
G -2 0 Silty shale: 1light gray, thin bedded.
G -3 0 Shale and claystone: light gray,
thin to medium bedded.
G -4 0 Shale: gray, laminated.
G -5 0 Shale: gray, fissile.
G -6 0 Shale and claystone: light gray, thin
to medium bedded.
G -7 0 Shale: 1light gray, thin bedded.
G -8 0 Shale: gray, laminated.
————

1/ P, pit; A, -auger hole sample
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Quick-firing tests’
A total of 998 individual muffle furnace tests were made,

results of which are compiled in table 2. Quick-firing tests

following ﬁrocedures outlined by Hamlin and

Templin (1962), and those of South West Research Institute, San

the

Antonio, Texas (written commun., 1957) were used. Two dried balls and

two cylinderical pellets were placed in fireclay crucibles in an oil-

fired muffle furnace. For the butcrop sample 8 pieces of rock
were placed in the furnace at a time. The periods of exposure
sample were 15, 20, 25, and 30 minutes at temperatures ranging
1700° to 2200° F. When a particular sample began to overbloat
together or to the crucible, no further tests were run. After

>samp1es were broken and examined with a hand lens to determine

fragments
for each

from

and fuse

cooling,

the degree

of bloating for each of the temperatures to which they had been exposed

(see quick firing tests, p. 58). Fired samples from the Nasirabad and

Ghoramara areas are shown in figures 3 and 4.
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Table 2.--Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts.

Kaptai area
Sample [Temperature o
number |Fahrenheit Firing time
o 15 minutes 20 minutes 25 minutes 30 minutes
k-1 |1800°F _Reddish brown Reddish brown Reddish brown Brownish red
some gray centre, a few gray centre, throughout, throughout,
weak, no bloat. weak, no bloat. moderately strong, weak, no bloat.
11900°F Reddish brown Light brown Light brown Tan outside,
a few gray centre, outside, gray outeide, gray gray centre,
moderately strong, centre,moderately centre,moderately moderately
no bloate. strong, no bloat. strong, well bloats strong, well
. to over bloat,
2000°F Dark brown autside Dark brown outside

creamy brown
inside, weak,
over bloat,
(sticks together)

creamy brown
ingide, weak,

over bloat,

(sticks together) .

X-2

11800°F

1900%F

Reddish brown
outside, gray
centre, moderately
strong, no bloat.

Tan ocutside,
gray inside,
moderately
strong, well
bloat.

Dark tan ' Brown outside, Brown outside,

outside, gray gray centre, gray centre,
centre, moderately strong, fine strong, fine
strong, no bloat, bloat, . bloat,.

Tan outside, Tan outside, Tan outside,
gray inside, pink gray inside, pink gray inside,
moderately moderately strong, moderately s:rong
strong, fine well to over fine to well
medium bloat. bloat. bloat.
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Table 2.

Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts {continued)

e

Sample !Tanperatnre

number :F ahrenheit

i

v
b
1
t

Firing time

: 15 minutes 20 minutes 25 mimtes 30 mimutes
—_— e - ! —_—
K-3 [1800°F : outaide, Brown outside, Brown outside, Brown cutsids,
- gray centre, gray centre, gray centre, gray centre,
no bloat. moderately strong, strong, well strong, fine
even fine bloat. bloat, bloat,.
1900°F Dark tan outside, Dark tan outside, Dark tan outaide, tan outside,
: pink gray inside, pink gray inside, pink gray inside, gray white
weak, over bloat, weak, over bloat, weak, over bloat, inside, weak
(sticks together) (sticks togethars (sticks together) over bloat,
(sticks together),
K-4 |1800°F Light brown Light reddish Reddish brown Brown outside,
outside, gray bmown outside, outside, gray gray inside,
inside, weak, gray inside, centre, modera- fairly strong,
no bloat. weak, no bloat. tely strong, no bloat.
no bloat.
1900°F Brown outside,  Brown outside, - Dark brown -  Dark bbown
gray inside, pink gray n outside, pink outside, pink
fairly strong, inside, fairly gray inside, gray inside,
no bloat. strong, fine fairly strong fairly strong,
bloat. medium bloat. well bloat.
iZOOOOF Dark brown Dark brown No sample No sample
' outside,pink outside, pink run, run.
gray inside, gray inside,
fairly strong, weak, over
well bloat. bloat, sticks
together.
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Table 2.

Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample {Temperature
number |[Fahrenheit Firing time
- 15 minutes 20 minutes 25 minutes 30 minutes
k-5 |1800°F Light brown Light brown Light brown Brown outside,
; outside, light outside, light outside, light light gray
gray inside, gray inside, gray inside, inside, very
very hard, very hard, very hard, hard, fine
. no bloat. no bloat. no bloat. bloat.
1900°F Buff colored Light brown Light brown Light brown
outside, light outside, light outside, light outside, pink
gray insidas, gray inside, gray inside, gray inside,
very hard, no very hard, a very hard, very fairly hard,
bloat. little bloat. fine bloat, - medium to wéll
: bloat.
2000°F Brown outside, Dark brown Dark browm Dark brown
gray inside, outside, pink outside, pink outside, pink
strong, fine gray inside, gray inside, and creany
bloat, strong, well fairly strong, gray inside,
bloat. R well bloat, - fairly strong,
. well over bloat.
O. 3
k-6 [L80O'F Light brow through- Light brown Light browm Brown outside,
out, fairly hard, throughout, fairly outside, 1ight Uight gray
no bloat. hard, no bloat, grsy inside, inside, fairly
fairly hard, hard, no bloat,
no blost,
0,
1900°F Light trown, cutside, Brown cutside, Brown cutside, Brown outside,
light gray inside, gray inside, gray inside, gray inside,
fairly hard, no bloat, hard, s little hard, very fine hard, fine
4 bloat, bloat. bleat, ~
° "
Rooo’F Brown outside, gray  Brown outside, Brown outside Brown outside
inside, hard, fine  gray inside, gray inside, = light pink
bloat, hard, msdium hard, medium inside, fairly
bloat, bloat, _hard, well
bloat,
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample | Temperature Firing time
number | Fahrenheit
! 15 minutes 20 minutes 25 minutes 30 minutes
o
K-7 |16800 F - Light browm Light brown Light brown Light brewn
: throughout, throughout, throughout, outside,
fairly hard, fairly hard, fairly hard, brown inside,
no bloat,. no bloat, no bloat. fairly hard,
no bloat,
)

1500 F ‘Light brown Light brown Brown outside, Brown outside,
outside, gray outside, gray gray inside, pink gray
inside, hard, inside, hard, hard, fine inside, fairly

, no bloat. very fine bloat. bloat. hard, medium to

| well bloat.

12000°F Light brown Light brown Brown cutside,  Brown outside,

: outside, gray outside, black inside, pink whitish
inside, hard,a black inside, fairly bhard, black inside,
1little bloat. hard, fine well bloat. fairly hard,

bloat. well bloat,
K-8 |1800°F Brick red Dark red Brown outside, Brown outside,
outside, light outside, gray pink gray pink gray
gray inside, ingfde, hard, inside, fairly inside, fairly
hard, no bloat. no bloat. hard, fine bloat. hard, fine bloat
1900°F Light brown Light brown Brown outside, Brown outside,
outside, gray outside, pink pink gray pink gray
inside, fairly inside, fairly inside, fairly inside, fairly
hard, fine bloat. hard, fine to hard, fine bloat. hard, fine bloat
medium bloat.

2000°F i Light beown Brown outside,, Brown outside, Brown outside, °
outside,pink pink gray pink gray pink gray
gray inside, inside, fairly inside, fairly inside, weak
fairly hard, hard, medium hard, well well bloat.
fine bloat, bloat, bloat. .
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Table 2. Quick-firing tests of samples from Chittagong and-Chittagong
Hill Tracts (continued)

Sample &‘emperatm ..
number [Fahrenheit Firing time °
v 15 minutes 20 minutes 25 minutes 30 minmutes -
K-9 |1800°F Tan outside, tan outside, tan outside, tan outside,
‘ . gray inside, gray inside, gray insidey gray centre,
i moderately -moderately moderately moderately  *
| strong, no strong, a strong, very strong, very
| bloat, little bloat, fine bloat. . fine to fine
l" . . bloate
‘ .
!
’ 1900°F Tan ocutside, Tan outside, Sample not Tan outside, -
l pink gray pink gray recovered. pink cream
; inside, weak, inside weak, inside, very .
! well bloat well bloat _ weak, over r
| (begins sticking) (sticks together) bloat, - '
| ) (Fused togethe
'K-10, 1800°F Brown outside, °  Brown outside, Brown outsids, 3roim outsida,
Ia blackish gray gray inside, gray inside, gray inside,
inside, modera= moderately moderately weak, hollow,
tely strong, strong, fine strong, fine fine bloat
very fine bloat, bloat, slightly  bloat,.slightly around the
slightly hollow hollow inside, hollow inside, broken edge.
i.nside. .
1900°F ‘ Light brown Brown outside,, Dark brown Blackish brown -
outside, gray gray inside, outside, gray outside, whitish
inside, weak, weak, hollow inside, weak, gray inside,weak
a little bloat, fine bloat, hollow, fine hollow, fine to
slightly hollow,. . i bloat above the  medium bloate.
: ' edge, )
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (gontinned)

Sam- |Temperature
ple |Fshrenheit Firing time
no.
15 minutes 20 mimutes 25 minutes 30 minutes
i
K-10 [L800°F Light brown Reddish. brown Light brown Light brown
¥ outside, gray outside, gray outside, gray outside, gray
i inside, modera- inside, modera- inside, modera=- inside, modera-
; tely hard, fine tely hard, very tely hard, fine tely strong,
to medium bloate fine bloat, ‘ fine bloat. medium bloat.
i960°F Dark brown Tan outside, Dark brown Dark brown
' outside, gray pink gray ine- outslde, gray outside, gray
inside, not side moderately inside, weak, inside, weak,
strong, medium hard, well over bloat, over bloat, .
bloat, bloat. " (slightly sticks (sticks together,
. together). :
" %
_:K-IO 1800°F Brown outside, Brown outside, Brown outeide,  Brown outside,
i IT- gray inside, gray inside, blackish gray gray inside,

! woak, slightly weak, hollow inside, hollow slightly hollow
heollow inside, inside,fine inside, fine inside, weak
fine bloat, bloat. bloat. fine bloat,

. shatters,

1900°F Brownish red Reddish brown Reddish brown Dark brown
outside, gray outeide, gray outside, gray outeide, gray
ingide, strong inside, inside, weak, -inside, weak
a 1little bloat. weak, slightly slightly hollow, very fine to

hollow, very fine bloat. fine bloat.
fine bloat.
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Table 2. Quick-fir'ing tests of samples from Chittagong and Chittagong

-Hill Tracts (continued)

-

!

4
I
t

i
t

Sample| Temperature
aumber| Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
K-10 }1800°F Brown cutside, Reddish brown Brown outside, Reddish brown
III | . pink gray - . outside, pink pink gray outside, pink
_ . inside, hard gray inside,hard, inside, hard, gray inside,
i medium bloat. fine bloat, fine to medium hard, medium
li ) bloat. bloat.
| . 4
' "1900 F Brown outside, . Brown outside; Dark brown Dark brown
' ‘pink gray pink gray *°  outside, pink outside, pink
inside, modera- inside, modera- gray inside, gray ingide,
tely hard, fine  tely hard, ‘moderately moderately hard, .
bloat. medium bloat. hard well medium bloat,
: bloat. (begins sticld.ng

‘K-11 [1800°F Light broim Light browm Zroun outside, Brown outside,

¢ outside, gray outside » pink pink gray pink gray

P - inside, fairly gray inside, ineide, fairly inside, fairly

{ hard, very fairly hard, hard, medium hard, medium

L fine bloat. fine bloat. bloat. N bloat. .

1900°F Brown outside, Brown outside, Dark brown Dark brown
light gray pink gray outside, pink outside pink gray

! inside, fairly inside, fairly gray inside, inside, fairly

! hard, fine hard, well bdoat, fairly hard, hard, well _

i bloat. begins sticking. well bloat, bloat, sticks

i sticks together, together.

!x-m 1800°F Reddish brown Tan outelde, Tan outside, Tan outside,

[ ' outaide, gray gray ineide, gray inside, gray centre,

' inside, moderately moderately moderately. moderately
strong, no bloat. strong, a atrong, fine . strong, medium
bloat. little bloat. to medium bloat. bloat,.

' {sticks together)

1900°p Tan outside,’ . Tan outside, Dark tan outside, Dark tan outaside,
pink gray inside, cream gray inside, cream inside, pink cream inside

weak, well bloat. weak, well bloat. weak, over bloat, weak, over bloat,

(sticks orucible) (sticks oruvcible) (sticks together) (Mused together)
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inside, fairly
hard, a little

fairly hard,

medium bloat.
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fairl> hard,
medium bloat,

Table 2. 99_1_93____511:125 tests of samples from Chittagong and Chictagon
‘ Hill Tracts (continued)
Sample | Temperature °
number | Fahrenheit Firing time .
15 minuten 20 g 25 mi-utes 30 minutes
K-13T | 1800°F Light brevm iizht brown Light brown Brown outside,
outside, gray outside, gray outside, gray gray inside,
inside, hard, inside, hard, inside, hard, nard? very fin
no bloate. a iittle bloat, a littls bloat. v fine bloat,
: * i i : de drown outside
\geo F Light browa Light brown Brown outside, )
i outside, gray outside, gray gray inside, _gray inside,
inside, fairly ingide, fairly fairly hard, fairly hard,
hard, no bloat. hard fine bloat. fine bloat, fine to mediunm,
. ’ bloat, :
i
S PR, i
' i
. ; _ \ |
- ! e 0. . - C
K-12 . 2800°F ~ Light brown Light brown Brown outside, Bi. - uut ide,’
11- . -out_side, gray . outgide, gray gray inside, gray ... .9,
' inside, very inside, very very hard, "hard, £f_- to
hard, no bloat. . hard, fine bloat., fine bloat. medium bloatbe.
1500°F Dark'brown - Dark brown Dark brown Dark brow:-
outs:.gle, pink outside, pink outside, «pink outside, paink
gray inside, gray inside, gray inside, gray insiie,
fairly hard, weak, over bloat, hard, well Weak, well to
well bloat. begins stickinge. bloat. over blcat,
slightl sticks
together.
1800°F | Light brown Light »rown Tight srown | o PR
outside, gray outsiaa, gray outside, gray OULolwd,y Erwl
inside, hard, inside, hard, inside, hard, insid. zarc, -
no bloat, no bloat, a little bloat. . a little bloate.
K-13 ‘ : A
111 | 1500°F Light brown Brown outside,  Brown outside, Browm outsics,
' ‘ 'y outside, gray gray inside, pink gray inside, pink gray in.ide;

weak, well t.
over bloat,
sld itly stici
TOgul..2T e



Table 2. 'wick ~Eiring tests of sml les_from Chittagong and Chittagong

Hill Tracts (continued)

Sam ‘remperatura‘
“é:- Fahrenheit Firing time
15 mimtes 20 minutes _25 minutes 30 mtnutea
&.45 1800°F Dark red Dark red . Brown outside, Brown outa:l.do,
11- outside, gray outside, gray gray inside, gray inside,
inside, no bloat. inside, hard hard, no bloat. hard, no bloat,
' . no bloat, :
! 1900°F Light brown Light broun Brown outside,  Brown outside,
f outside, gray outside, gray gray inside, gray inside,
inside, hard, inside, hard, hard, very. hard, fine
no bloat. ~ Do bloat, . tine bloat, bloat.

- [2000°F Light brown Light brown Brown outalde,  Drown outsids, |
outside, gray outside, gray gray inside, pink gray insidp,’
inside, hard, inside, hard, a hard, fine fairly hard mediw

; mo bloat.. -1dttle bloate ~ bloat, to well bloat. v
] : . ) ) SN
{ l ' :
x-16- | . 1800°F | . Light brown Light brown Light brown Light brown
11 ) outside, gray outside, gray - outgide, gray outside, gray
R ingide, weak, inside, weak, inside, weak, inside, weak,
‘ no bloat,ehattera. no bloat. a little bloat, a little bloat.
L0
1900 F Light brown Light brown Light brown Brown outaide,
~ outside, gray outside, gray ', outside, gray gray inside,
_inside, weak, . inside, weak, inglde, weak, weak, medium
fine blost, fine bloat, fine 0 medimm  bloat. .
slightly ahattors. elightly hollow  bloat. :
K-16 h800°F Brick red Reddish brown Brown cutaidse, Light brom
111 . : outside, gray ----outside, gray .. gray inside, - outside, gray

‘ inside, fairly inside, fairly . fairly hard, ' ingide, fairly

4 hard, no bloat, hard, no bloats . fine bloat. hard, very

! shatters, fine bloat.

h 1900°F Brown outside, Brown ocutside, Brown outside, Brown outside,
gray inside, gray inside, gray inside, gray ineide,
fairly hard, weak, fine ,Weak, fine to veak, mediua [
very fine bloat, Dbloat, slight ’ medium bloat, bloat, honut
slightly shatters. hollow inside, .ineide.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sémpie Temperature
Number |[Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
K-17  [1800°F Light brown Light brown Light brown Brown throughout
1 throughout, throughout, outside, gray fairly hard,
fairly hard, hard, no inside, hard, no bloat.
no bloat, bloat. no bloat.
1900°F Light brown Light brown Brown outside, Brown outside,
outside, blackish outside,blackish black inside, black inside,
gray inside, weak gray inside; weak hollow, weak hollow, weak
no bloat, slightly no bloat. fine bloat, fine bloat.
Splitso -
K-17 1800°F Light brown Light brown Brown outside,  Brown outaide,
111 throughout, outside, gray gray centre, gray centre,
fairly hard, centre, fairly hard, fairly hard,
no bloat. fairly hard, no bloat, no bloat.
no bloat.
1900°F Light brown Light brown Brown outside, Brown outside,
! outside, gray outside, black black inside, black inside,
[ inside, fairly inside, weak, weak, hollow, hollow, weak,
i hard, no bloat, hollow, fine fine bloat, bloated along
[ slightly shatter. bloat along the along edge. edgs.
edge.
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Table 2.

Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample jTemperature Firing time
number |Fahrenheit
15 minutes 20 minutes 25 minutes 30 minutes
K-18 1800°F | Light brown Brown outside, . Brown ocutside, Brown outside,
S S i outside, gray gray ingide, gray inside, gray inside,
inside, hard, hard, some hard, very hard, fine
no bloat. very fine bloat, fine bloat. bloat,

1900°F Light brown Brown outside,  Dark brown Dark brown
outside,pink pink gray . outgide, pink outslde, pink
gray inside, inside, fairly gray insidey gray inside,
fairly hard, hard, medium fairly hard, weak, well to
fine bloat. bloat, well bloat. over bloat,

slightly sticks
. together.
i
K-18  [1800°F Light brown Light brown Light brown’ Light brown
III outeide, gray outside, gray outside, gray outside, gray
) inside, very inside, very inside, very inside, very
hard, no bloat. hard, no bloat. hard, no bloat. very fine bloat.
1900°F Dark brown Dark brown Brown outgide, Brown outside,
outside, pink outside, pink grayish,white creamy white
gray inside, gray inside, inside, hard, ineide, hard,
fairly hard, fairly hard, very fine fine bloat.
well blaat. well bloat. bloat.
k-19 |1800°F Light brown Light brown Brown outside, Brown outaids,

i outside, gray outaide, gray gray inside, gray insids,
inside, weak, inside, weak, weak, a weak, fine
no bloat, no bloat, little bloat. bloat,
shatters.

;1900°F Light browm Brown outsids, Brown outside, Brown outside,
outside, pink pink gray pink gray pink gray
gray inside, inside, fairly inside, fairly inside, weak

| fairly hard, hard, medium hard, well ov-. bloat,

: medium bloat. bloat, bloat. sticks together,



Table 2. Quick;firing tests of samples from Chittagong and Chittagong

- Hill Tracts (continued)

Sewple Temperature

rumber Fahrenheit Firing time

o 15 minutes 20 minutes 25 minutes 30 minutes

k-20 |1800°F Reddish brown Reddish brown Brown' ouside, Brown outside,
- : outside, gray outside, pini pink gray _ pink gray

; ingide, hard, gray inside,hard, ineide, fairly inside, fairly
no bloat. fine bloat. strong, medium strong, medium

bloat. bloat.
° .

1900 F Reddish brown Reddigh brown Brown outaide, Dark brown .
butside, gray outside, gray pink gray in- gray and pinkish
inside, hard, inside, hard, side, fairly . gray, imside,
no bloat. very fine bloat. . hard, well bloat. fairly hard,

well bloat.
o . .

K-21 [1800 F Light brown Brown outside, Brown outside, Brown outside,
outside, gray pink gray in- pink gray in- pink gray in-
inside, modera- side, moderately side, moderately side, moderately
tely strong, a strong, well strong, well . strong, medium
little bloat. bloat. ~ bloat. to well bloat.

1900°F Reddish brown Brown outside, Brown outside, Dark brown out-
outside, gray  gray inside, creamy gray side, creamy
inside, fairly fairly strong, inside, weak, brown and gray
strong, no very fine bloat. medium bloat, inside, weak,
bloat, over bloat,

K-22 [1800°F Light brown Brown outside,  Brown outside,  Brown outside,

0 outside, gray gray inside, gray inside, gray inside,
inside, moderately moderately moderately moderately
hard, a little . hard, fine hard, medium - hard, medium
bloat. bloat,. bloat, bloat.,

1900°? Brown outaids, Brown outside, Brown outside, Dark brown

' gray inside, pink gray pink gray - outside, pink
fairly hard, inside, fairly inside, fairly gray inside,
fine bloat, hard, fine ° hard, medium fairly hard,
splits. bloat. bloat. -well bloat.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued)
Sample ! Temperature
number | Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
K-23 |1800°F Tan outside, Tan outsids, Tan outside, Tan outsids,

: gray inside, gray inside, gray inside, gray inslde,
moderately moderately moderately moderately
strong, no strong, fine strong, fine strong, very
bloat. bloat. bloat. very fine to

fine bloat,
p
0
1900 F Dark tan Dark tan Dark tan Dark pan
outside, "outside, outside, outside,
creamy brown creamy brown pirk crean grayish pink
inside, very inside, very inside, very inside, very
weak, over weak, over weak, over weak, over .
bloat. bloat. blost. bloat.
. (sticks together) (sticks together) (sticks together) sticks together)
} ~
L
i
K-24 [1800°F Reddish Brown Brown outside, Brown. outside, Brown outside,
(I .op4 outside, gray pink gray gray inside, pink gray
inside, hard, inside, hard, hard, no inside, fairly
N a little bloat. fine bloat, bloat. hard, well bloat.
1900°F Light brown Light brown Brown outside, Dark brown
ocutside, gray outside, gray pink gray outmide, pink
inside, hard, inside, harq, inside, hard, gray inside,
no bloat. very fine bloat. fine bloat. fairly hard,
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Table 2. Quick-firing tests of s l.el from Chittagong and Chittagon
" Hill Tracts {(continued)
Sample | Temperature Firing time .'
number | Fahrenheit
15 minutes 20 minutes 25 minutes 30 minutes
K-26  |1800°F Light brown Light brown Brown outside,  Brown outeide, '
117 outside, pink . outside, pink _pink gray, pink gray
gray inside, - gray inside, ingide, fairly inside, fairly
hard, very hard, fine hard, well hard, well
fine bloat, bloat. bloats bloat.
1900°F Light brown Brown outaid.e,' Dark brown Dark brown
outside, pink gray . outside, pink " outside, pink
pink gray ingide, fairly gray inside, gray inglde,
inglds, fairly hard, medium . weak, well to wealk, well to
» hard, medium bloat. over bloat. over bloat, - !
slightly sticks '
together., :
\
K-26  |1800°F Light brown Light brown Brown outside,  Brown outside,
III outside, pink outside, pd.nk pink gray pink gray o
. gray inside, gray inside, inside, fairly inside, fairly
hard, a little hard, very hard, mediun well bloat, .
bloat, fine bloat, bloat, . ;
1900°F Light biown Light brown Brown outside, Dark brown . |
outslds, gray outside, gray pink gray outside, pink . |
inside, hard, pink inside, ingide, fairly gray inside, ;
fine bloat. hard, fine hard, well weak, well to
X bloat, bloat. over bloat, x
begins sf.icking
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Table 2. Quick-firing tests of sadples from Chittagong and Chittagong

Hill Tracts (continued)

Chandraghona area

Sample |Temperature-
. number  |Fahrenheit Firing time
i 15 minutes 20 minutes ’ 25 minutes 30 minutes
!
! ‘ ‘ :
'ch-1 1'|1800°F Light brown Light brown . Brown outside,  Brown outside,
‘ RN outslde, gray outside, gray gray inside, - gray inside,
b inside, modera~ ' inside, modera- modsrately weak, well
% tely strong, tely strong hard, well bloat, -
! medium dbloat, well bloat, bloat.
shatters,
1900°F Light brown Brown outside, Brown outside, Brown outside,
outside, pink pink gray pink gray ,
gray inside, inside, modera~ inside, modera~ inside, weak,
moderately tely strong, tely strong, well to over
: strong, fipe medium bloat. well bloat, bloat.
bloat. . : .
i |
Ch-1 ) Tt ’ ' !
11 1800 F Light brown Brown cutside, Brown outside, Brown outsids, ;
o outside, gray . pink gray pink gray" "~ pink gray \
inaide, modera- ineide, modere~  inside, modera- inside, modera~
tely, strong tely strong tely strong tely strong
fine bloat. well bloat, wedl bloat. - medium to well
. . bloat.
1900°F Light brown Light brown Dark brown Brown outside,
outside, pink outside, pink outside; pink pink gray
gray inside gray ineids, gray inside, inside, weak,
moderately, modsrately ' weak, well to well bloat.
strong, medium = strong, medium over bloat,. .
bloat, - bloats :
12




Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts {(continued)

Sample {Temperature | :
number [Fahrenheit Firing time
E
‘ ‘| 15 minutes 20 minutes 25 minutes 30 minutes
|
Sh-l 1.800°F Light brown Brown outside, Brown outside, Brown outside,
III . . outside, gray - - gray inside, pink gray pink gray inside
ingide, not moderately ingide, modera= moderately
strong, fine strong, medium tely strong, strong, well
bloat, shatters. bloat, well bloat. bloat,
1900°F Light brown Brow catside,  EBrown outsids,  Dark brown
, outside, pink pink gray . pink gray " outside, pink
i gray inside, inside, modera- inside, fairly inside, wealk
. moderately tely strong, strong, well well to over
strong, fine medium bloat, bloat. bloat., . ;
bloat. i
‘h-2  3800°F Light brown Brown outside, Brown outside, Dark brown E
I outside, whitish whitish gray pinkish gray outside, light
gray inside, inside, fairly inside, fairly gray inside,
fairly strong, a strong, fine strong, fine fairly strong,
little bloat. . bloat, bloat. medium bloat,
o !.
1900°F Brown outside,  Brown outside, . Dark brown Dark brown
gray inside, gray inside, outside, gray - outside, gray
moderately moderately inside, modera=- inside, modera-
strong, f{ine strong, well tely strong,well tely strong, well
bloat. bloat, slightly - bloat, moderately bloat, moderately
sticks together. sticks together. aticks together,
2000°F Dark brown Dark brown No sample No sample
{ ocutelde, gray outside, gray: ™n. run,

inside, modera-
tely strong,well
bloat, begins
sticking.

inside, veak,
well to over
bloat, sticks
together,:
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Table 2. guick-.firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued) :
Sam- {Temperature
ple |Fahremheit Firing time
no. .
15 minutes 20 minutes 25 minutes 30 mimtes
Ch-2 1800°F Brown outside, Brown outside, Light brown Dark brown
II ' light gray inside, gray inside, outside, pinkish outside, pinkish
fairly strong,fine fairly strong, gray inside, gray inside,
1 bloat, slightly redium bloat. fairly strong, fairly strong,
shatters. : medium bloat.. medium bloate
1900°F Brown outside, Brown outside, Brown outside, -~ Brown outsids,
-pink gray gray inside, . pink gray - pink gray
inside, fairly fairly strong, . inside, fairly inside, weak .
i strong, well well bloat. strong, well ' to fairly hard,
bloat, bloat. ‘ fine to well bloat.
:_2000°F Dark brown Dark brown Dark brown No sample run,.
i outside, pink outside, pink outside, pink .
i gray inside, gray inside, gray inside,
fairly strong, fairly strong, fairly strong,
medium bloat. well bloat. well bloat, sticks
: . together.
ch-2 | 1800°F Light brown Brown outside, Brown outside, - Dark brown
III. outside, gray gray inside, - gray inside outside, gray .
inside, strang, strong, a strong, fing inside, strong,
no bloat. little bloat,. “bloat., fine bloat.
0 : .
1900 F | Brown outside, Brown outside, Brown outside, Dark brown
: gray inside, pink gray pink gray outside, pink
strong, no insgide, fairly . inside, fairly gray inside
bloat. strong, medium strong, well fairly strong,-
: bloat. ' bloat. well bloat.
. s
b (o) . .
2000 F Dark brown Dark brown No sample No sample
[ outside, pink outside, pink un. run. :
‘ gray inside, gray inside
fairly strong, ‘Weak to
well bloat, moderately
begins sticking®  strong, well

to over bloat,
sticks together.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracis (continued)

Sam- {femperature

Brown outside,
gray inside,
weak, fine
bloat.

Brown outaids,
pink gray .
inside, weak,
medium bloat.
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-

Erown outside,
whitish gray
ingide, weak,
fine bloat.

ple Fahrenheit Firing time
no. J
{ 15 minutes 20 minutes 25 minutes 30 minutes
[P ; m Brown outside, Brown outside, Dark brown
ch3 ilSuO g | %i%gzd:fmgrw gray inside, greenish gray outs:.@e ,.greenish
e inside, fairly ~ fairly, hard,  inside, fairly  gray imside,
hard, no no bloat. hard, very fine  fairly hard, very
'bloat. bloat, fine bloat,
i .
‘ o ht brown - Brown outside, Brown outside,
900°F Brown out_.side 3 'Li%side  kieh ray inside, pink gray i
fairly hard, gray inside, fairly hard, inside, j
no bloat. fairly hard, fine bloat. hard, fine ‘
i very fine bloat. !
1 bloat. 3
| i
i .
Ch-5 1800°F Light brown Light brown Light brown Brown outside,
I outside, light outside, light outside, pihk pink gray -
- gray inside, gray inside, gray inside, inside, fairly
fairly hard, fairly hard, fairly hard, hard, fine
: very fine bloat. very fine bloat. <fine bloat} ‘bloat.
1900°F Brown outside, Light brown Brown outside, Light brown
pink gray and outside, pinkish pink gray and outside, greenist
greenish gray gray inside, greenish gray gray inside,
inside, fairly fairly hard, inside, fairly fairly hard,
hard, fine to fine bloat, hard, fine to fine bloat.
medium bloat, medium dlosat. .
Ch-6| 1800°F Light brown Light broun Brown outside, Brown outside,
11 outside, gray outside, gray gray inside, gray inside,
: inside, modera= inside, weak, not weak, fine weak, fine
tely hard, no fine bloat, bloat, bloat,
shatters. :
1900°F

Brown outside,
pinkish gray
inside, weak,
fine bloat.



Table 2, Quick-firing tests of samples from Chittagong and Chittagong

* Hil)l Tracts (continucd)

Sample Texpcrature
number Falironheit Firing time
|
‘ 15 minutes 20 minutes 25 minutes 30 minutes
{
@_7,1800% Tan outside, Tan outside, Tan outside, Tan outside, .
o gray inside, gray inside, gray inside, grey inside,
’ weak,very wealk, bloated, weak, bloated. weak, fine to
% ' fine bloat. ' : ' - medium bloat.
1 . . .
.ll900°F Tan ocutside, Tan outside, °  Brown outside, Park brown
! gray inside, gray inside, gray inside, outside, gray
i moderately weak, well weak, well inside, weak
| strong, fine bloat. bloat, sticks over bloat,
i bloat. together. sticks together,
!
Ch-g 1800°F Brick red Brick red Brown outside, Sample
‘ outside, gray outside, gray dark gray inside, discarded.
! inside, inside, moderately,
i moderately, moderately, - strong, a }ittle
strong, no strong, no bloat. :
) bloat. bloa'b. '
|
I
1
1906°F Brick red Brick red Brown outside, Browm outside,
outside, outside, . blackish gray blackish gray
i blackish gray blackish gray inside, strong, inside, strong,
inside, strong, inside, strong, a little bloat. very fine bloat.
no bloat, no bloat, : : .
v’ZOOOOF Tan outside, Tan outsids, Tan outside, Tan outside,
pink gray pink gray pink gray creany gray
inside, weak, inside, weak, inside, weak, inside, weak,
well bloat, over bloat, over bloat, over bloat,
! _ y begins sticikdng. slightly sticks 8lightly sticks
C7 ¢, together, together.
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Table 2. Quick-firing tests of samples from Chittapong and Chittapenz

1ill Tracts (continucd)

Sampl& Temperature

Firing time

15 minutes

20 minutes

25 minutes

30 minutes

Light brown
outside, gray

“inside, weak,
no bloat shatters.

Light brown
outside, gray
inside, hard,
a few bloat.

Brown outside,
gray inside,
fairly hard,
fine bloat.

Light brown
outside, gray
inside, wsak,
very fine bloat.

Brown outside,
gray inside,
hard, very
fine blaat,

Dark brown-
outside, gray
inside, fairly
hard, medium
bloat.

Brown outside,
gray, inside

weak, very

fine bloat.

* Browm ouiside,

gray inside,
fairly hard,
medium bloat.

Dark brown
‘outside, pink
gray inside,
fairly hard,
well bloat,

Brown outside,
pink gray
inside, fairly
hard, fine bloat.

Brown outside,
gray inside,
fairly hard,
medium bloat.

Dark brown
outside, pink
gray inside,
weak, over
bloat, slightly
sticks together,

number] Fahrenheit
Ch-9 |1800°F
1
1500°F
i
!
2000°F
Ch-g | 1300%
11
1900°F
i ,
2000°F

Reddish brown
outside, gray
inside, weak,

no btloat shatters.

Light brown
outside, gray
inside, hard,a
little bloat,

Brovn outside,
pink gray
inside, fairly
hard, fine bloat,

Reddish brown
outside, gray
inside, weak,
fine bloat,

Light brown
outside, gray
inside, hard,
very fine bloat,

Brown outside,
pink gray
inside, fairly
hard, medium
bloato
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Brown outsids,
gray inside,
weak, very
fine bloat.

Dark brown
outside, gray
inside, fairly
nard fine bloat.

Dark brown
outside, pink
gray inside,
fairly hard,
well bloat,

Srown outside,
pink gray inside
fairly hard,fine
bloat,

Dark browm
outside, pink
brown outside,
fairly hard

* fine bloat.

Dark browm
outside, pink
gray inside,
weak to fairly
ha-rd, well blcato



Table 2. ‘Quick;f{ring tests of samplcs from Chittagong and Chittagong

Hill Tracts (continued)

Sample| Temperature
number| ‘Fahrenheld Firing time .
15 minutes 20 minutes 25 minutes . 30 minutes
. Ch-9 1800°F Dark red Dark red Park red Dark red
III ! . outside, light throughout, throughout, throughout,
xf gray centre, strong, no strong, no strong, no
. strong, no bloat. bloat. bloat,
i bloat. -
i
1900°F Dark red Dark red Dark red’ " Brownish red
outside, a outside, gray outside, gray outside, a
little gray inside, very. inside, very little gray
inside, very strong, no strong, no inside, very
strong, no bloat, bloat. strong, no
bloat,. . bloat.
) . ‘
2000 F Reddish brown Brown outside, Dark brown Dark brown
: outgide, gray gray inside, outslde, greenish outside, pink
inside, very very strong, gray inside, gray inside,
hard, no a little strong, very fine fairly strong,
bloat. bloat., . bloate medium bloat.
0 ‘ . R
Ch-10 5.800 F Srown outs:.de,( Brown outside, Brown outside, Brown outside,
gray inside, gray inside, . 8ray inside, gray inside,
moderately moderately moderately moderately
strong, no si.:rong, &8 strong, a strong, a
bloat. 1little bloat. . 1dttle bloat. little bloat.
o
‘1900 F [Tan outside, Brick red outside Tan ocutside, Dark brown outsid
‘ leray inside, gray inside, gray inside . gray inside, weak
i ! . 2 gray ) We
moderately moderately weak, well over bloat,
strong, well strong, no . ‘bloat, sticks sticks together.
bloat, sticks bloat, together, : '
together.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continucd)

Sam- [Temperature
ple [Fahrenheit
no. Firing time
.15 minutes 20 minutes 25 minutes 30 minutes -
Ch- &800°F Reddish brown Light brown Light brown Brown outside,
1 i outside, gray outside, gray outside, gray _ gray inslds,
T n inside, modera--  inside, modera- inside, modera- weak, fine
: ' tely hard, a tely strong, tely strong, to medium
little bloat, fine bloat. medium bloat,. bloat.
shatters.
1900°F Light brown Brown outside, Brown outside,  Brown outside,
A outside, gray gray inside, pink gray pink gray
i inside, fairly fairly strong, inside, weak, inside, weak,
o strong, medium bloat, well bloat, well bloat,
i fine bloat, slightly sticks slightly sticks slightly sticks
. together. together, together,
;h-12’i8000F Brown outside, Light brown Brown outside, Brown outside,
1I-1 gray inside, outside, gray ingids,gray inside, gray inside,
moderately moderately moderately moderately
‘| strong, fine strong, a strong, medium stoong, medium
bloat,shatters, little bloat,. bloat. bloat.
1900°F Light brown Light brown Brown outside, Brown outside,
outside, pink outside, pink pink gray pink gray
i gray inside, gray inside, inside, weak inside, weak,
fairly strong, . fairly strong, wellto over bloat over bloat
mediun bloat. - medium bloat, slightly sticks slightly sticks
sticks together. together. together,
I
Ch- [1800°F Brownish red out- Reddish brown omt- Reddish brown out- Reddish brown oute
12 side, blackish side, blackish side, gray inside side, gray inside
111 gray inside,hard gray inside,hard hard, very fine hard, fine bloat.
' a little bloat. a 1ittle bloat, bloat, : .
1900°F Light brown Reddish brown Brown outside, Light brown
‘ outside,greenish outside,greenish greenish gray outside,greenish
gray inside,hard gray inside,hard 4nside,hard gray inside,hard
! a little bloat. very fine bloat., fine bloat. fine bloat.
ROOCOF Brown oubside, Brown outside, Brown outside, Brown outside,
greenish gray greenisgh gray and 1light greenish greenish gray
inside, hard pinkish gray in- inside, fairly. inside, fairly
a little bloat, side, fairly hard hard, fine to strong, fine
fine to medium bloat.

bloat °
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued)
Sam~ {Temperature
ple |[Fahrenheit Firing time
no.
15 minutes 20 minutes 25 minutes 30 minutes
3h-13 ;800°F Idight brown Brown outsids, Brown outside, Dark brown
I ‘ outside,gray gray inside, gray inside, outside, pink
inside, strong, strong, some hard, very gray inside,
no bloat. fine bloat., fine bloat. strong, fine
- bloat.
1900°F Tan outside, Tan outside, _  Tan outside, Tan outside,

- pink gray gray inside, pink gray pink gray
inside, fairly fairly atrong, inside, fairly inside, fairly
strong, fine fine bloat. strong, medium strong, medium
bloat’ shatters. bloat. bloat. bloat.

2000°F Dark brown Dark brown Dark brown No sample
outside, pink outside, pink outgide, pink run.
gray inside, gray inside, gray inside,
fairly strong, fairly strong, weak, well to
medium bloat. well bloat, over bloat,
: sticks together, sticks together,
ch- 11800°F Reddish brown Brown outside,  Brown outside,  Brown cutside,
13 outside, dark gray inside, light gray light gray
III gray inside, very strong, inside, very inside, very
very strong,a no bloat. fine bloat. hard, very fine
little bloat, bloat.,
1900°F Dark brown Dark brown Dark brown Dark brown
outside, pink outsids, pink outside, greenish outside, greenish
gray ingide, gray inside, gray inside, gray and pink
falrly strong, fairly strong, fairly strong, gray inside,
fine bloat. a little bloat. medium bloat. fairly strong,.
medium bloat,.
2000°r Dark brown Dark brown Dark brown - Dark brown
) outside, pink outside, pink outside, pink outside, pink
gray inside, gray inside, gray inside, gray inside,
fairly strong, fairly strong, fairly strong, weak, over
medium to well well bloat, well to over bloat, sticks
bloat. bloat, slightly together

begins sticking.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

sample [Lesiperature .
number [Fahrenheit Firing time
* 115 minutes 20 minutes 25 minutes 30 minutes
Ch-14 [1800°F Brown imtside,  Dark brown outside Dark brown cutsids Sample
gray inside, gray inside, weak pink gray inside, not
weak, no bloat. fine bloat, weak, well bloat, recovered.
L9oo°r Tan outside, Tan outside, Tan cutside, Tan outside,
pink gray ine gray inside, gray inside, pink gray in-
side, weak, weak, fins wealk, well side, weak
very fine bloat. - bloat, sticks well bloat.
bloat, splits . together,
| in furnace.
- |
Ch-16 |1800°F Light red Brown outside, Brown outside, Brown outsids,
outside, light light gray light gray gray inside,
gray inside, inside, hard, inside, hard, hard, very
hard, no bloat.  very fine bloat, no bloat. fine bloat.
, .
:;9oo°r Light brown Brown outside, Dark brown Dark brown
| outside, light pink gray outside, pink outside, pink
i gray inside, inside,fairly gray and greenish gray inside,
} hard, no bloat. hard, very gray inside, hard, fine
fine bloat. fairly hard, bloat,. ’
fine to medium
: bloat.
reooo%‘ Brown outside, Brown outside, Dark brown Dark brown
pink gray pink gray outside, pink outside, pink
inside, fairly ingide, fairly gray inside, gray inside,
Bard, fine hard, medium fairly hard, weak to fairly
bloat. bloat. well bloat. . hard, well to
' over bloat.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Rangunia area

Samle Temperature
numbey Fahrenheit Firing time
| 15 minutes 20 minutes 25 minutes 30 mimutes
1
Ry -3 1800°F Brick red Brick red Brick red Brick red
throughout, outside, gray outside, gray outside, gray
moderately centre, centre, centre
strong, no moderately moderately moderately
bloat. strong, no strong, no strong, no
bloat. bloat. bloat.
o .
1900°F Brick red Brown outside, Brown outside D
s ark brown
outside, pink pink gray centre, pink gray inside, pink gray insgide,
gg n;nsﬁ;; :;ro:g, very fine satrong, very fine strong, fine
s oat. bloat.
fine bloat, . ploat.
t o N
2000 F Brown outsids, Brown outside, Dark brown Dark brown
g pink gray pink gray outside, pink outside, pink
inside, inside, gray inside, gray inside,
moderately moderately , moderately moderately
strong, well strong, well strong, well strong, well
bloat. bloat. bloat. bloat,
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample | Temperature Firing time
number Fahrenheit
15 minutes 20 minutes 25 minutes 30 minutes
R,-3 1800°F Red throughout,  Brick red Red outside, Brick red
| fairly hard, no throughout, some gray outside, gray
E bloat. fairly hard, centre, fairly inside, fairly
i no bloat. hard,no bloat, hard, no bloat,
P.900°F Brick red " Brown wutside, Brown outaide, Dark brown
; outside, gray gray inside, gray inside, outside, pink
| inside, fairly fairly hard, fairly hard, gray inside,
, hard, a 1ittle very fine very fine fairly hard,
i bloat. bloat, bloat, fine to medium
! blO.to
o <
2000 F Brown outside, Dark brown Dark brown Dark brown
pink gray outside, pink outside, pink outside, pink
~inehde, fairly gray ineside, gray iaside, gray inside,
hard, medium not hard, medium not hard,well weak, well
Tbloat. bloat, - bloat. bloat,
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Table 2.

Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

medium bloat.

84

Sample emperature
. number ahrenheit Firing time
{ N
! 15 minutes 20 minutes 25 minutes 30 mimutes
Rq-3 1800°F Brick red Brick red Brick red Light brown
’ throughout, throughout, dutside, outgids,
moderately moderately same gray centre, gray inglds,
hard, no hard, no moderately moderately
bloat. bloat, hard, no bloat. strong, no
. bloat.
h900°F Light brown Brown outside,  Brown outside,  Dark brown
outside, light pink gray insids, pink gray inside, outside, pink
pinkish gray chard, very fine hard, very fine gray inside,
inside, hard, bloat. bloat. hard, fine
little bloat, bloat.
000°F Brown ocutsids, Dark brown Dark brown Dark brown
pink gray inside, outside, pink outside, pink outside, pink
| fairly hard, fine gray inside, gray inside, gray inside,
| bloat. fairly hard, fairly hard, fairly hard,
medium bloat. well bloat.



Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued)
Sam- E,rmemture
ple [Fahrenheit Firing time
no. |
15 minutes 20 minutes 25 minutes 30 mizutes
R,-3 |1800°F Brick red Brick Red Brick red Brick red outside,
' throughout, throughout, outside, gray cantre,
: moderately moderately some gray moderately
: hard, no hard, no centre, modera- hard, no bloat,
‘ bloat, bloat. tely hard, no
i bloat.
|
n.900°F Light brown Brown outside, Brown outside, Brown outside,
' outside, gray gray inside, gray inside, pink gray
I inside, moderately moderately inside,
’ ‘ moderately hard, very hard, fine moderately
hard, no bloat. fine bloat. fine bloat,. hard, medium
bloat.
2000°F Brown outside, Dark brown Dark brown Dark brown
pink gray outgide, pink outside, pink outsids, pink
inside, gray insids, - gray inside, gray insigde,
moderately moderataly weak, well weak, well
hard, medium hard, well bloat, slightly bloat, sticks
bloat. bloat, sticks together., together.
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Table 2.

Hill Tracts (continued)

Quick-firing tests of samples from Chittagong and Chittagong

Sample |Temperature
aumber |Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
Rs-3 |/1800°F Brick red Brick red Brick red Brick red
throughout, outside, outgide, outside,
moderately light gray gray inside, gray centre,
strong, no inside, moderately moderately
bloat. moderately strong, no strong, no
strong, no bloat. bloat.
i bloat.
5
i
'1900°F Light brown Light brown Brown outeids,  Dark brown
outside, pink outside, pink pink gray outside, pink
gray inside, gray inside, inside, gray inslde,
moderately moderately moderately moderately
; straong, very strong, very strang, fine strong, medium
1 fine bloat. fine bloat, bloats. . bloat.,
[ .
|2000°F Dark brown Dark brown Dark brown Dark brown
outside, outside, outside, outside,
pink gray pink gray pink gray pink gray
mida’ in’ido, insid‘, inaidc, weak .
moderately roderately ' weak, well well bloat,
| strong, medium strong, well bloat, slightly sticks together.
' bloat. bloat., sticks togsther.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued) »
Sample emperature
number ahrenheit Firing time
. 15 minutes 20 minutes 25 minutes 30 minutes
Rg-3 | 1800°F Brick red Brick red Brick red Brick red
. throughout, throughout, outside, light outside, light
moderately moderately gray inside, gray inside,
strong, no strong, no moderately, hard, moderately,
bloat. bloat,. no bloat, strong, no
‘ bloat.
|
1900°F Light brown Brown outside, Brown outside, Dark brown
putside, gray pink gray pink gray outside, gray
ingide, inside, inside, centre
moderately moderately moderately moderately
strong, very strong, fine strong, fine strong, medium
fine bloat, bloat. bloa’b. bloat.
2000°F Dark brown Dark brown Dark brown Dark brown
outside, gray outside, pink outside, pink outside, pink
insidse, gray inside, gray inside, gray inside,
moderately weak, well weak, well weak, well to
strong, fine bloat. bloat. over bloat,

to medium bloat.,
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample| Temperature
number| Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
g -3 | 1800°F Red outside, Red outside, Red outside, Red outside,
7 ' ' gray inside, gray inside, gray inside, gray inside,
: | weak, no weak, no weak, no weak, no
: bloat. bloat. bloat. bloat.
]
|
: °
1900 F Light brown Brown outwide, Brown ocutside, Brown outside,
' outaide, gray gray inside, gray inside, gray insgide,
i inside, weak, weak, very weak, fine weak, medium
no bloat, fine bloat. bloat. bloat.

- 2000%F Dark brown Dark brown Dark brown" ‘Dark brown
outsgide, outside, outside, outside,
pink gray pink gray pink gray pink gray
inside, weak, inside, weak, inside, weak, ineide, weak,
medium bloat. medium bloat, well bloat, well bloat,

slightly sticks gticks together.
together,
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (comtinued)
Sample ﬁ‘emperaturo
number | Fahrenheit Firing time
T

15 minutes 20 mimutes 25 minutes 30 minutes

Rg-3 1800°F Red outside, Red outside, Red outside, Red outside,
dark gray dark gray gray inside, dark gray
inside, not inside, not not strong, inside, not
strong, no strong, no no bloat. strong, no
bloat,. bloat. : bloat,

1960°F Red outside, Tan outside, Tan outside, Tan outside,
dark gray darik gray dark gray dark gray
inside, weak, inside, weak, inside, weak, inside, weak,
no bloat. fine bloat, fine to medium fine to medium
bloat. bloat.
2000°p Tan outside, Tan outside, Tan outside, Tan outside,
gray inside, dark gray dark gray dark gray
weak, medium inside, weak, inside, weak, inside, weak,
bloat, slightly medium bloat, mediwm bloat, medium bloat,
sticks together. slightly sticks sticks together. slightly sticks
together. together.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample t;ollperaturs

number akrenheit Firing time
!
15 minutes 20 minutes 25 minutes 30 minutes
R-10 1800°F Light brown Light brown Light brown Brown outside,
11 outside, gray outside, gray outside, gray gray inside,
ingide, fairly inside, fairly ineide, fairly fairly herd,
hard, no bloat. hard, no bloat, hard, no t_)loa.t. no bleat.
51900°F Light brown Light brown Brown outside, Brown outside,
§ outside, gray outeids, pink light pink light creamy
| inside, fairly ingide, fairly ineide, fairly pink inside,
: hard, no bloat. hard, fine hard, well fairly, bhard
f - bloat, bloat, well to over
. bloat,
R-10 | 1800°F Brown outside, Brown outside, Brown outaide, Brown outside,
III dark gray gray inside, pink gray - gray inside,
- inside, fairly fairly hard, inside, fairly fairly hard,
hard, no bloat, very fine hard, very very fine
bloat. fine bloat. bloat,
1500°F Dark brown Dark brown Brown outside, Dark brown
on}:side, light outside, light grayish pink outside, black
pink inside, pink insids, inside, fairly and light pink
fairly hard fairly hard, hard, medium ingide, fairly
medium bloat. medium bloat. bloat. hard, well
bloat,
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sam- | Temperature
ple Fahrenheit Firing time
no.
15 mimites 20 minutes 25 minutes 30 minutes
R-12 | 1800°F | Light reudish Light brown 1i_ht reddish Brown outsids,
: | brown outside, outside, gray brown,outside, black ineide,
light gray centre, insids, very gray inside, hard, no bloat,.
| hard, no bloat. hard, no bloat, hard, no bloat,
1900°F Light brown Dark brown - Dark brown Dark brown
- outside, gray outside, dark outside, dark outside, grayish
inside, very gray inside,, gray inside, black inside
hard, no bloat. very hard, hard, fine hard, very fine
fine bloat. bloat, to fine bloat,
R=;5-3 1800°F Brick red Brownish red Brick red Tan throughout,
throughout, outside, gray throughout, noderately
! moderately ingide, strong, moderately strong, no
strong, no no bloat. strong, no bloat,
bloat. bloato
1900°F Tan outside, Tan outside, Tan outeide, Tan outside,
whitish gray gray inside, pink gray pink gray
inside, strong, strong, fine inside, strong, inside, strong,
fine bloat. bloat. fine to medium medium bloat.
bloat.
2000°F Tan outside, Tan outsida, Tan cutsids, Tan outside,
cream inside, cream ingidse, whitish gray grayish white
moderately moderately inside, inside,
strong, medium strong, medium moderately moderately
bloat. biocat. strong, fine strong, medium
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to medium bloat.
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Table 2 Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample ] Temrerature . .
number | Fahrenheit Firing time
] 15 minutes 20 minutes 25 minutes 30 minutes
|
Ry, -3 lSOOoI;‘ Brick red . Brick red Tan red Ten outside,
: throughout, throughout, throughout, gray centre,
' moderately moderately moderately moderately
’ ! strong, no strong, no strong, no . strong, no
; bloat. bloat, bloat, - bloat,
) o , ‘ _
11900 F Tan outside, Tan outside, Tan outside, Tan ocutside,
it blackish gray blackish gray* gray inside, gray inside,
; insides, inside, strong, ° strong, a strong, very
rnoderately no bloat. little bloat, fine bloat.
! strong, no .
! { bloat.
2000°F | Tan outside, Dari tan Dark tan Sample not -
cream inside, ‘outside, cream outsids, recovered,
| moderately inside, whitish gray
| strong, medium- moderately, . . inside,
i bloat, strong, medium moderately
: bloat. strong, fine
___.L__._ —— bloat,
\ .
| | |
R-15 |1800°F ; Iight brown Light brown Brown outsids, 3rovn outside,
11! | outside, gray cutside, pink " placlkish gray gray and blacxish:
‘ inside, gray inside, inside, fairiy aray inside,. '
! moderately moderately _hard, well nodcrately
| strong, medium strong, fine bloat. strong, well
; bloat. . bloat. ' : bloat.
!
1900°F | Dark brown De.£ brown Dark brown: Darx brown
5
i

outside, whitish
gray inside,
moderately
stpoong, mediunm
bloat.

outside, blackish

gray inside,
moederately
strong, medium
bloab.
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outeide, grayish

black insids,
fairly strong,

" well bloat,

slightly sticks
together,

- outside, pink

gray incside,
noderately

strong, to weak,

211 to over
..0at, sticks
togethsar,.



Table 2. ick~firing tests of samples from Chittagong and Chittagon
Bill Tracts (continued)

Sample | Temperature -

number | Fahrenheit Firing time
15 mimutes 20 minutes 25 minutes 30 mirutes

R-16 | 1800°F Light red Blackish red Tan outside, Tan outside,
outside, gray outside, gray gray inside, gray inside,
inside, inside, moderately moderately
moderately moderately strong, no strong, well

. strong, no strong, no bloat, bloat,
bloat. bloat.
1900°F Tan outside, Tan outside, Tan outside, Dark tan
pink gray pink gray pink gray pinkish gream
inside, weak, inside, weak inside, ineide, weak,
well to over well to over moderately over bloat,
bloat, sticks bloat, sticks strong, over sticks together.
together, together. bloat, sticks
together.
2000°F Dark tan Dark tan
outside, gray outside, gray
inside, weak, inside, weak,
over bloat, over bloat,
fused together. fused together,
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Table 2. Quick-firing tests of gsamples from Chittagong and Chittagong

Hill Tracts (co'ntinued)

Sam- [Temperature
ple |Fahrenheit Firing time
no. N
4.
15 minutes 20 minmutes 25 minutes 30 minutes
R-17 |1800°F Brown red Reddish brown Reddish brown Tan outside,
throughout, throughout, throyghout, black inside,
moderately roderately moderately moderately
strong, no . strong, no strong, no gtrong, 3
bloat, bloat. bloat, - limtib dloat.
1900°F Tan outside, Tan outside, Tan outside, Tan outside,
black inside, grayish black grayish black black inside,
inside, strong, inside, strong, ingide, strong, strong, very
no bloeat. a liéttle bloat. a little bloat, fine bloat.
2000°F Tan outside, Tan outside, Dark tan outside, Dark tan outside,
black inside, black inside, black inside, black inside,
moderately moderately moderately moderately
strong, medium strong, medium strong, medium strong, fine
bloat. bloat, bloat. to medium bloat,
R-19] 1800°F Light red Light brown Light brown Brown outside,
11 throughout, throvghout, outeide, gray pink gray
weak, no bloat. weak, no bloat, fairly hard, inside, fairly
no bloat, hard, medium
_ bloat,
1900°F Light brown Light brown Brown outside, Dark brown
outside, grayish outside, black black, inside, outside, black
“black inside, inside, fairly fairly herd, inside, fairly
fairly hard, hard, very . very fine, hard, medium
no bloat, fine bloat. bloat. bloat,.
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Table 2.

Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued)

Warapara area

-

Sample Temperature ,
number Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
. throughout
W-3 1800°F Red throughout,  Red throughout, Brick red / Red outside,
modersately moderately moderately a few gray
strong, no strong, no strong, no centre,
bloat. bloat. bloat. Md‘raw
hard, some
very fine
bloat.
1900°F Tan outside, Tan ocutside, Tan outsids, Tan outside,
gray centre, gray centre, gray centre, gray centre,
fairly strong, fairly strong, fairly strong, fairly strong,
ver fine bloat. very fine bloat. very fine bloat. fine bloat.
2000°p Dark red Dark red Dark brown Dark brown
outside, outside, outeide, outside,
gray inside, erean inside, crean inside, gray inside,
fairly strong, fairly strong, fairly strong, fairly strong,
medium bloat. medium bloat, . medium bloat. medium bloat.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts ((continued)
Sample Temperature
numbet Fahrenheit Piring time
15 minutes 20 minutes 25 mimutes 30 minutes
W.-3 1800°F Brick red Brick red Brick red Red outside,
2 throughout, throughout, throughout, a fov gray
moderately moderately moderately centre,
strong, no strong, ne strong, no modsrately
bloat. bloat. bloat. atrong, a
little bloat.
1900°F Tan cutside, Tan outside, No sample Tan outside,
gray inside, gray inside, run. gray inside,
strong, a strong, very strong, fine
little bloat. fine bloat. bloate
2000%F Dark cream Dark tan Tan outeide, Tan outside,
outeide, outaide, light creamy, a few gray
cream ineide, cream inside, gray inside, inside,
moderately moderately moderately moderately
strong, medium strong, fine strong, fine strong, a
bloat,. bloat. ’ bloat. little bloat.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued)

Sample | Temperature

number | Fahrenheit- Firing time
15 minutes 20 minutes 25 minutes 30 minutes

W,-3 1800°F Brick red Brick red Brick red Light brown

3 throughout, throughout, throughout, outside,
fairly bhard, fairly hard, fairly hard, gray inside,
no bloat, no bloat. no bloat. fairly hard,
a little
bloat,
1900°F Light brown Light brown Brown outside, Brown outside,
outside, outside, gray inside, gray inside,
light gray gray inside, fairly hard, fairly hard,
inside, fairly hard, very fine fine bloat.
fgirly hard, very fine bloat,
a little bloat. bloat,
2000°F Light browm Brown outside, Brown outside, Brown outside;

outside, ' gray inside, gray ingide, gray tnside,
gray ineids, fairly hard, fairly hard, fairly hard,
fairly hard, medium bloat. fine bloat. fTire bloat.,
fine bloat.



Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample Temperature .
aumber Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
W,-3 | 1800° Brick red Dark red Dark red Dark red
throughout, throughout, throughout, throughout,
fairly strong, fairly strong, fairly strong, fairly strong,
no bloat. no bloat. no bloat. no bloat.
1900°F Light brown Brown. outside, Brown outside, Brown outside
outside, light gray gray inside, gray inside,
light gray inside, fairly strong, fairly mard,
inside, fairly strong, fine bloat. fine bloat.
fairly strong, fine bloat.
a little bloat.
2000°p Brown outside, Browa outside, Dark brown Park brown
gray inside, gray inside, outside, outside,
fairly strong, fairly strong, gray insids, plnk gray
fine bloat. nedium bloat. fairly strong, inside, weak
‘ medium bloat. well bloat.
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Table 2.

Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample : ;euperaturo.

number t Firing time
15 mimtes 20 mimtes 25 minutes 30 minutes
w5-3 1800°F Brick red Brick red Brick red Light brown
throughout, throughout, outside, outside,
fairly strong, fairly strong, some light light gray
no bloat, no bloat. gray centre, centre,
fairly strong, fairly strong,
a little bloat. a little bloat.
1900°F Light brown Light brown Brown outside, Brown outeide,
outsgide, outside, gray inside, gray inside,
light gray light gray fairly strong, fairly strong,
inside, inelde, fine bloat. fine bloat.
fairly strong, fairly strong,
very fine bloat. very fine bloat.
2000°F Brown outside, Dark brown Dark Brown Dark brown
gray centre, outside, outeide, outside,
fairly strong, gray centre, gray inside, pink gray
medium bloat. fairly strong, fairly strong, inside, wdsk,
medium bloat, medium bloat. well bloat.
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Table 2, Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Nasirabad area

Sample Temperature . .
nxger Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
N-1 1800°F Light red Light red Light red Light red
. outsaide, outside, outslde, outglde,
gray ingide, gray inside, gray inside, gray ineide,
moderately moderately moderately modsrately
strong, no strong, trace strong, fine strong, fine
bloat, of fine bloat. bloat, bloat.
1900°F Light brown Dark brown Dark brown
outsids, outaide, outzide,
gray inside, pink gray pink gray. no sample
modarately inside, weak, inside, weak, run,
strong, a over bloat, well to over
few bloat. sticks to- bloat,
gether,
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Table 2.

Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample [Temperature
number |Fahrenheit Firing time
mimites 20 minutes 25 minutes 30 minutes
N-2]a* [1800°F Light red Light red Red throughout Brown outside,

outside, throughout, moderately gray inside,
light gray modsrately strong, no moderately
inside, strong, no bloat, strong, no
moderately bloat. bloat.
strong, no
bloat.

1900°F Light brown Brown tutside,  Dark brown Dark brown
outside, pink gray outside, outside,
pink gray inside, strong, pink gray pink gray
ingide, medium bloat. inside, ineide
fairly strong, ' fairly strong, fairly strong,
fine bloat. well bloat, well bloat.

2000°F Brownish gray Brownish gray
outside, outside,
pink gray , pink gray No sample No sample
to gray inside, to gray inside ™n, run.
weak, over weak, over
bloat, sticks bloat, sticks -
together, together,
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample [Temperature
number |Fahrenheit Firing t.ime
15 minutes 20 minutes 25 minutes 30 minutes
N-2Ib  |1800°F 14ght red ‘Light red Dark red Light brown
outsids, throughout, outside, outaide,
a little gray ne bloat. gray inside, gray inside,
ingide, no a little - fairly hard,
| bloat. bloat. no bloat,
1900°F Red brown Light brown Light brown Reddish brown
outside, outside, outside, outside,
gray inside, gray inside, gray inside, gray inside,
fairly hard, Lairly hard, fairly hard, fairly hard,
no bloat, fine bloat, fine bloat., very fine bloat.
|
2000°F Dark brown Dark brown Dark browm Dark brown
outsids, outside, outside, outaside,
blackish blackish pink gray gray inside,
gray inside, gray inside, ingide, * hard,
fairly hard, fairly hard, fairly hard, medium bloat.
medium bloat. medium bloat. well blaat.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Traects (continued)

Sample | Temperature
number | Fahrenheit Firing time
15 minutes 20 minutes 25 minuteés 30 minutes
N-3 | 1800°F Light red Light red Light red Light red
outside, outside, outalde, throughout,
gray inside, gray inside, gray trace no bloat,
moderately moderately inside, shatters.
strong, no strong, some trace of fine .
bloat. fine bloat, bloat, shatters.
shatters,

1500°F Brown outaide, Light brown Reddish brown Light brown
gray inside, outside, gray throughout, outside, pink
strong, fine inside, strong, strong, no gray inside,
bloat, shatters. medium bloat, bloat, shatters.. wuwbrong, mediun

shatters, . bloat,

2000°F Brown outside, .
black inside, No sample No sample No sample
weak, over run, run. run,
bloat, sticks .
together,
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Quick-firing tests of samples from Chittagong and Chittagong

Table 2.
Hill Tracts (continued)
Sample | Temperature
number | Fahrenheit Firing time
15 minutes 20 minutes 25 mimutes 30 mimutes
N, -3 1800°F Light red Light red Red ocutsids, Red outside,
throughout, throughout, light gray gray inside,
fairly hard, fairly hard, inside, fairly falrly hard,
no bloat. no bloat, hard, a little fine bloat.
bloat,.
1900°F Brown outside, Brown outside, Brown outside, Browm outsids,
gray inside, gray inside, pink gray pink gray
fairly hard, fairly hard, inside, fairly inside, fairly
fine bloat, fine bloat. hard, medium hard, medium
bloat. bloat,
2000°F Dark brown Dark brown Dark brown Dark brown
outsids, outside, outside, outeide,
pink gray pink gray pink gray pink gray
inside, ingide, inside, ingide,
fairly hard, fairly hard, weak, well weak, over
medium bloat. well bloat, to over bloat, bloat, sticks
slightly sticks together.
to‘.th.ro
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample |Temperature
ﬂber Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
N-5 |1700°F Light brown Brown outside, Brown ocutsids, Brown outsids,

outside, gray inside, gray inside, gray inside,
Light gray moderately moderately moderately
inside, strong, no strong, no strong, no
moderately bloat, bloat. bloat.
strong, no
bloat,

1800°F Brown outside, Brown outside, Brown outside, Brown outside,
gray inside, gray inside, gray inside, gray inside,
moderately moderately moderately moderately
strong, some strong, fine strong, fine strong, fine
fine bloat. bloat. bloat., to medium

bloat,.

1900°F Brown outaide, Brown outside, Dark brown Dark brown
gray inside, gray inside, outside, outside,
moderately hollow centre, pink gray pink gray
strong, fine moderately inside,. weak, ingide, weak,
to medium bloat., strong, medium well to over over bloat,

: bloat. bloat. sticks together,

105



Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample| Temperature
aumber| Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
N-6 | 1800°F Light red _ Light red Light red Light red

outside, throughout, throughout, outeide,
sOm® gray weak, no weak, no some gray
inside, weak, bloat, shatters. bloat, shatters. inside, weak,
no bloat, soms fine
shatters. bloat, shatters.

1900°F Dark red _Brown outside, Brown outside, Brown cutside,
ocutaide, gray inside, gray inside, 1light brown
gray inside, moderately moderately inside,
moderately strong, fine strong, fine moderately
strong, some bloat, bloate. strong, no
very fine bloat. bloat.

2000°F Brown outsids, No sample No sample No sample

| pink gray run, run, - " rune

: inside, weak,

: to moderately strong,

\ over bloated ewtslde,

| fine to medium.Bloat,

’ inside, sticks to-

i gether,
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Table 2. .@ick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Bhatieri area

Sample| Temperature ]
nunber | Fahrenhelt Firing time
15 minutes 20 minutes 25 minutes 30 minutes
Bh-1 | 1800°F Reddish brown Brown outside, Brown ocutside, Tan outside,
outside, gray gray inside, gray ingside, gray inside,
inside, modera- moderately strong, moderately strong, moderately
tely strong, fine fine to medium medium bloat. strong, medium
bloat . bloat. bloat.
o .
1900°F Brown outside, Light brown Dark brown Dark brown
pink gray outside, pink ocutside, pink ocutside, pink
inside, modera=- gray inside, gray inside, gray inside,
tely strong, moderately moderately weak, well to
well bloat. strong, medium strong, well to over bloat,
bloat. bloat, begins sticks together.
sticking.

Bh-2 | 1800°F Light brown Light brown Light brown- Light brown
outside, gray outgide, gray outside, gray outside, gray
inside, not inside, not inside, not inside, modera-
hard, no bloat hard, very fine hard, fine tely hard,
shatters. bloat, shatters. ©bloat, shatters, medium bloat.,

1900°%p Reddish brown Light brown Brown outside, Brown outside,
outside, gray outside,pink pink gray pink gray
inside, modera=- gray inside, inside, modera- inside, modera-
tely hard, fine moderately hard, tely hard, tely hard,
bloat. medium bloat. medium bloat. well bloat.
2000°F Brown outside, Brown outside, No sample No sample
pink gray inside, pink gray inside, run. run.

not hard, well
bloat, sticks
together.

weak, well to

over bloat, sticks

together.
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Table 2. - Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

smlql ‘l'onperature{’

number] Fahrenheit Firing time
- 15 minutes 20 minutes 25 minutes 30 minutes
Bh-3 | 1800°F Light brown Light brown light brown Brown outsids,
. outside, gray outside, gray outside, gray gray inside,

inside, T inside, weak, inside, weak, weak, fine
Zeaak, very fine a little bloat, very fine bloat, bloat, shatterz.
bloat, shatters. shatters, shatters.

1900°F Reddish brown Light brown Brown outside,  Brown outside,
outside, pink outside, pink greenish gray pink gray
gray inside, gray inside, inslde, inside,
moderately moderately moderately moderately
hard, fine hard, medium hard, fine hard, well
Bloat. bloat. bloat., bloat.

2000°F Brown outside, Brown outside No sample No sample
pink gray pink gray rn, run.
inside, inside, weak
moderately well to over
hard, well bloat, sticks
bloat, together,

Bh-4 | 1800°p Light brown Light brown Brown outeide,  Brown outside,
outside, outside,gray gray inside, gray inside,
gray inside, inside, weak moderately moderately
weak trace trace bloat hard, very hard, fine to
bloat shatters. shatters. fine bloat, medium bloat,

. , shatters, shatters,
1900%F Light brown Light brown outaside Light brown Brown outside,
outside,greenish greenish gray outside, pink pink gray
gray insids, inside, modera- gray inside, -inside, modera-
moderately tely hard, moderately tely hard,
hard, fine medium bloat. hard, fine medium bloat.
bloat. bloat.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagon
Hill Tracts (continued)
Sample | Temperature
number | Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
Bh-5 | 1800°F Light brown Light brown Light brown Brown outside,
. outgide, gray outside, gray outside, gray gray inside,
inside, modera- inside, modera- inside, modera=  moderately
tely hard,fine tely hard, tely hard,very hard, well
bloat. medium bloat., £ine bloat. bloat.,
1900°F Brown outside, Brown outside, Browm outside, Brown outside,
pink gray pink gray pink gray pink gray
inside, weak to inside, weak, inside, weak, inside, weak
moderately hard over bloat, over bloat, to moderately
well to over sticks together. sticks together. hard, well to
bloat. over bloat,
sticks together,
Bh-6 1800°F Light brown Light brown Brown outsids, Brown outside,
outside, gray outside, gray gray ingside, gray inside,
inside, strong inside, strong, strong, medium moderately
fine bloat., fine to medium mdium bloat, strong,
bloat. : medium bloat.
1900°F Brown outgide, Brown outside,

pink gray
inside,
weak, well to

pink gray
inside, weak,
over bloat,

over bloat,
sticks together,

sticks together.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued)
Saieple| Temperature
number| Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
Bh.-3 1800°F Brown outside, Brown outside, Brown outside, Brown outside,
7 pink gray, pink gray pink gray light gray
inside, fairly inside, fairly inside, fairly centre, fairly
hard, fine hard, fine hard, medium hard, fine
bloat. bloat, bloat. bloat.
1900°F Brown outside, Dark brown ° Dark brown Dark brown
pink gray outgide, pink outside, pink outside, black
inside, fairly gray inside, inside, fairly inside, fairly
hard, medium fatrly hard, hard, medium hard, fine to
bloat, well bloat. bloat. medium bloat.
Bh.-3 1800°F Light brown Brown outside, Brown outside, . Dark brown
8 = outside, gray iight gray gray inside, outside, pink
ingide, fairly inside, fairly Iakrly hard, . gray inside,
hard, no bloat, hard, fine fine bloat, fairly hard,
bloat. fine bloat.
190(?‘? Brown outside, Dark brown Dark brown Dark brown
light gray outside, outside, graylsh outside, whitish
ingide, fairly light pink pink insids, pink inside,
hard, fine inside, fairly fairly hard, fairly hard, -
bloat. hard, medium well bloat. well bloat.
bloat. '
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued)

Sample | Temperatu

number | Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes

Bhg-3 | 1800°F Light brown Brown outside, Brown outside, Brown outside,
outside, pink gray inside, pink gray inside, pink gray
pink gray fairly hard, fairly hard, inside, fairly
fairly hard, very fine bloat. fine bloat. fine bloat.
very fine bloat.

1900°F Light brown Brown outside, Dark brown Brown outside,

outside, grayish pink outside, whitish whitish gray
grayish pink inside, fairly pink inside, inside, fairly
inside, fairly hard, medium fairly hard, hard, medium
hard, very bloat. medium bloat. bloat,
fine bloat.

111



Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued)
Sample | Temperature
number | Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
Bh, -3| 1800°F Light brown’ Light brown Brown outside, Brown outside,
10 outside, gray outside, gray pink gray pink gray
inside, fairly inside, fairly inside, fairly inside, fairly
hard, & little hard, very hard, fine hard, fine
bloat, bloat. bloat. bloat.
1900°F 1ight brown Brown outside, Dark brown Dark brown
outside, pink pink gray outside, pink outside, pink
gray inside, inside, fairly inside, fairly insgide, fairly
fairly hard, hard, medium hard, medium hard, well
fine Bloat. bloat. bloat. bloat.
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Table 2.

Hill Tracts (continued)

Quick-firing tests of samples from Chittagong and Chittagong

s.-:g. Temperature
nua

Fahrenheit Firing time

15 mimites 20 minutes 25 minutes 30 minutes
Bhll—J 1800°F Brownish red . Brownish red Brick red Brown outaids,
outside, gray outside, gray outside, gray gray inside,
inside, inside, ingide, moderately
_ moderately moderately moderately strong

strong, very strong, a strong, no fine bloat.
fine bloat. few bloat. bloat.

1900°F Reddish brown Tan outside, Tan outside, Tan outside,
outside, gray pink gray pink gray dark gray
inaide, mida’ maid.’ inldﬂe,
moderately moderately moderately moderately
strong, fine strong, well strong, well strong, well
to medium bloat. bloat. bloat, bloat.,

2000°F Tan outside, Tan outaide, Tan outside, Tan outaide,
pink gray inside, pink gray inside, pink gray inside, pink gray inside,
weak, over bloat, weak, over bloat, weak, well to well to over

begins sticking.

sticks together.,
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample Temperature .

number Fahrenheit Firing time
13 mimutesg 20 mimgtes 25 minutes 30 minutes

Bhy,-3| 1800°7 Light brown. Light brewn Brown outside,  Brewn outside,
outside, gray outsaide, gray gray inside, grey inside,
inside, modera- inside, moderas- moderately moderately
w’mns, W M, h‘rd, fine ﬂtrm" fine
no bloat, a littlebloat, bloat. -bloat,

1900°F Dark brown Dark brown Dark brown Dark brown
o outsids, outsids, outside, outeide,

pink gray pink gray pink inside, ¥dght pink
inside, inside; moderately ingide,
moderately modersately strong, well fairly hard,
hard, fine strong, medium bloat. well bloat.
bloat. blost.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong -

Hill Tracts (continued)

Sample Temperature- i
number Fahrenheit Firing time
15 minutes 20 minutes 25 minutes 30 minutes
Bhy3-3. 1800°F Light brown Light browm Brown outside, Brown outside,
outside, gray outside, gray gray inside, gray insgide,
ingide, fairly inside, fairly fairly hard, fairly hard,
hard, some very hard, very fine bloat. fine bloat,.
fine bloat. f£ine bloat,
1900°F Browm outside, Brown ocutside, Dark brown Dark brown
gray inside, pink gray outside, pink outside, pink
fairly hard, inside, fairly gray, inside, gray inside,
fine bloat. hard, medium fairly hard well fairly hard
bloat. bloat. medium bloat,
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (éontinued)

Ghoramara area

Sample Temperature
number Fahrenheit _
Firing time
15 minutes 20 minutes 25 minutes 30 minutes

G-1 1800%" Brick red Brick red Tan outside Tan outside
outside, outaide, pink gray pink gray
gray centre, gray centre, ingide, inside,
moderately moderately moderately moderately
hard, hard, hard, hard,
no bloat. very little well bloat. medium bloat.

bloat.
1900°F Dull red Dark $an Tan cutside, Dark tan outside,
outside, outside, gray inside, gray inside,
Moderately hard moderately hard hard, . not strong,
no bloat. medium bloat. a little bloat. well to over bloat.
2000°r Dark tan Dark tan Blackish Blackish
ocutside, outside, brown outaide, brown outside,
gray inside, gray inside,  pink gray, pink gray,
fairly hard, weak, inside, ineids, .
fine to well well to over - over bloat, over bloat
bloat, bloat, sticks to- strongly
gether sticks together.
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Table 2.

Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample | Tempersture
number | Fahrenheit Piring time
15 mimtes 20 mimtes 25 minutes 30 ximtes
G-2 1800°F Brick red Brick red Tan red cutside Tan red cutside
outside, outside, gray inside, gray inside,
gray inside, gray inside, moderately moderately
strong, : strong, a fow little very fine bloat.
no bloat. no bloat. bloat,
1900°F Brick red Tan outside, Tan outside, Tan outside,
outside, pink gray inside, pink gray pink gray
pinkish fairly strong, inside, inside
gray, well bloat, fairly strong, falrly strong,
inside, well bloat, well bloat.
fairly strong,
no bloat.
2000°F -Dark tan Blackish brown Blackish brown Blackish brown
outside outside, pink outside, pink outside, pink
pink gray gray inside,  gray inside, gray inside,
ingide, fairly weak, over weak, over weak, over
strong, mostly bloat, strongly bloat, strongly bloat, strongly
well bloat. sticks together sticks together sticks tefbther.
1
G-3 :1800°F ok red Brick red Tan outside, Tan cutside,
i side, outside, gray inside, gray inside,
ay inside, gray inside, fairly strong, fairly strong,
airly strong, fairly streng, no bloat. well bdloat. -
o bloat. no bloat,
1900°%r ok red Tan cutside, Dark tan Dark tan
outside, pinkish gray outsids, outside,
gray insids, inside, - pinkish pinkish gray
fairly strong, fairly strong, gray inside, inside, weak
: & fow ell well to over fairly strong, over bloat,
| Jbloat, bloat, sticks well bloat, sticks together.
i i arucible. sticks crucible.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong

Bill Tracts (continued)

Sample | Temperature
number | Fahrenheit Firing time
15 minutes 20 minutes 25 mimtes 30 minutes
G4 1800°F Light red outside, Light red; outside, Light red Light brown
light gray inside, light gray inside, ocutside, outside, gray
moderately strong, moderately strong, gray inside inside, modsrately
no bloat, ’ no bloat. moderately strong, no
strong, no bloat.
bloat.
1900°F Light red Red outside, Red outsids, Light brown
outside, gray inside, gray inside, outsids,
moderately moderately strong, moderately strong,gray insids, ‘
strong, no a little bloat. fine bloat, modsrately strong,
bloato . bloated.
2000°F Iight brown Brown outside, Blackish Blackish
outside, pink gray inside, brown outside, brown, outaside,
pink gray weak, over bloat, pink gray pink gray,
inside, sticks together. inaside, weak, inside, weak,
fairly strong, over bloat, . over bloat,
well bloat, sticks together strongly sticks
tmthera
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Table 2.

Quick-firing tests of samples from Chittagong and Chittagong

Hill Tracts (continued)

Sample |Temperature
number Fahrenheit Firing time
15 minutes 20 minutes 25 mimutes 30 minutes
G-5 1800°F Iight red Light red Light red out~ Red outside
outside, outside, side, gray gray inside,
light grsy light gray ingide, moderately
inside, inxide, noderately strong
moderately moderately strong, no bloat.
strong. strong. no bloat
‘| no bleat. no bloat. ;

i

.o

1900 F Red outside, Red outside, Tan outside, Dark tan

; gray inside, gray inside, pink gray, outgide,

' moderately ‘moderately - inside, pink gray

1 strong, strong, moderately inside,

! no bloat. a little strong, moderately

: bloat. well bloat. strong,

‘ well bloat.

{

i

|

i

l2000%F Light brown Brown outeide Blackish brown  Blackish

! outside, pink gray inside, outside, _ brown outeide
gray ingide, moderately strong pink gray inside pink gray
moderately well bloat. weak, over bloat inside, weak,
strong, a strongly sticks over bleoat
1little bloat. together, sticks together.
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Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continued)

Sample | Tempersture o

number | Fshyenheit Piring time

A\ )] ’
15 minutes 20 mdmutes 25 winutes 30 mimtes

G-6 1800°F Light red Light red outside Light red Light brown
outeids, light gray inside outside, outxide,
1ight gray modarately light gray gray inside,
inside, strong, no bloat 1inside, moderately
moderately moderately strong, no
strong, no strong, no bloat.
bloat, bloat. - '

1900°F Light red Light red Red outside Red ocutside,
gray inside, gray ingide, moderately mnoderately
moderately nodsrately strongn very strong, fine
strong, no strong, & fine bloat, bloat,
bloat. 1ittle bloat. :
2000°F | L4gnt brown Blackish brown  Blackish Tan outaide,

outalde, outside, pink brown _ pink grey
pink gray gray inside, outside, pink ingide, very
irvilite, weak, over gray inside, weak, over
moderately bloat, sticks wesk, over bloat, strongly
strong, bloated, together. bloat, sticks stickes together

120



Table 2. Quick-firing tests of samples from Chittagong and Chittagong
Hill Tracts (continuea)
Sample [Temperature
number |Fahrenheit Firing time
15 minutes 20 mimutes 25 minutes 30 minutes
G-7 1800°F Light red Light red Red outeide, Red outeide,
outeide, outeside, gray inside gray inside,
light gray light gray fairly strong, fairly strong,
inside, fairly inside, fairly a little fine bloat.
strong, no strong, no bloat.
blo‘to blo‘.t.
1900°F Light red Brown outside, Brown outside,  Dark brown
outside, pink gray gray inside, outside,
gray inside, inside, . moderately pink gray
moderately moderately stropg, well ingide,
strong, fine strong, well bloat, moderately
bloat, bloat. strong,
well to over
bloat.
c-8 [1800°r Light red Light red Light brown Light brown
outside, outaide, outside, outaide,
light gray light gray gray inside, gray inside,
ingide, inside, moderately moderately
moderately moderately strang, a strong, fine
strong, no strong, no little bloat. bloat,
bloat, bloat.
0,
1900°p Light red Dark brown Brown outside, Brown outside,
outside, outgide, pink pink gray inside, pink gray inside,
gray inside, gray inside, weak, over bloat very weak, over
moderately moderately sticks together -bloat, strongly
strong, fine strong, medium - sticks togethaer.
bloat, bloat,
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Reserves

Reserve estimates (in cubic yards) are given for the Rangunia,
Warapar;, and the Bhatiari areas (table 3) on the basis .that 1 cubi;
yard of raw material would produce 1 cubic ‘yard of exﬁanded aggrégate.
The areal extent of favorable material was scaléd from figure 2, and
the average depth of holes augered in a particular area was used to
estimate cubic yardage. Undoubted]ly the reserves could be increased
both in depth and laterally by further exploration beéause auger holes
and pits were generally completed in clay, and area boundaries were

not eatablished laterally.

Table 3.--Reserves of raw material for Rangunia, Whragara, and Bhatiari

Area Dimeﬁsions (vards) Volume
Length Width Depth (cubic yards)
Rangunia 4000 2400 3 28,800,000
Warapara 1400 1200 C 3 5,040,000
Bhatiari 1400 1200 | 3 | 5,040,000
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A commefcial plant pro&ucing 1000 cubic yards per day of light-
Qeight aggregate, and operating 330 days per year would r;quirg
330,000 cubic yards of raw material per iear. A 20-~year clay reserve
would require 6,600,000 cubic yards of proven reserves. On this basis,
the Rangunia area would have reserves for 87 years, and the Warapara
and Bhatiari areas for approximately 15 years each. It should be kept
in mind that the entire amounts estimated may notvbe minable owing to
encroachment of village sites or other cultural features; however, there
is no doubt that sufficient reserves can be confirmed for ; commercial
plant; almost certainly these areas can be extended, and other areas
containing bloatable materials can be found. e,

No attempt has been made to give a firm figure as to cubic yardage
available for the areas of sampled shale and claystone Outcrbp. As we
were not attempting to pinpoint a definite piant location, the great
amount of preliminary trail cutting and clearing that would be needed
in the thick jungle growth was not justiéied in the time available.
However, as the character of such shale and claystone beds normally
would not be expected to change abruftly, it can be assumed thaé most
bloatable material exists over a large area, and that further exploration

would prove ample reserves.
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Exploitation

The areas explored.in the vicinity of Chittagong, although subject
to heavier annual rainfall than the vicinity of Dacca, ha;; better
natural drainage and would not be subject, to flooding'dufing the monsoon
season. An exception might be the poasible.floqding of the Warapara
area by the Halda River or by high storm tides from the sea at Bhatiar;.

Shale or claystone may have some processing advantages
over clay in making light-weight aggregate because they can be crushed
and screened to the appropriate size for kiln feed without the compli-
cations of pelletizing required for clay. ‘

1 The countryside in the area of shale and claystone outcrops is
generally thinly populated and most of it is hilly and brysh- or .
jungle-covered. The clay in the vicinities of Rangunia, Warapara, and
Bhatiari is in agricultural land, and these areas are dense1§

populated.

The desirable next step prior to a full-scale commércial operation
is evaluation 6f these materials by establishiné a standard.method of
rotary-kiln processing through use of a pilot kiln. The information
secured by pilot-<kiln testing is'ne;esaary to design a full-siz; s
commercial inssallation and operating proceduré. Pilot-kiln testing will
determine the following variables: kilﬁ slope, rate of feed, retention
time, kiln speed, required draft, type of flame (oxidiziné, reducing,

: - .

natural), range of bloating temperatures, and processing qualities such

as agglomeration, adherence to the kiln, decrepitationm, etc.
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In addition, the ﬁropeé blending of different clay, claystone,
or shale materials to produce an optimum product can be determined.
Sufficiént aggregate can alsoc be produced to test such characteristics
as weight per cubic foot, crushing strength, water absorbtion fof mix
design, or other desired tests.

Although no pilot-kiln facilities exist in East Pakistan at the
present time, a kiln has been fabricated and is in experimental operation
in Lahore, West Pakistan. This kiln was designed, fabricated, and
operated through the mutual cooperation of the Building and Road Research
Laboratory, Lahore, and Packages Ltd. The kiln is located on the plant
grounds of Packages Ltd., on Ferozpore Road, east of Lahq;e.

The Lahore kiln is-15 feet long and has an internal diameter of
12 inches, expanding to 20 inches at the discharge end. It is fired with
gas; temperatures are determined with an optical pyrometer. It is
the author's understanding that this kiln facility will be
available to other govermment agencies or private industry for test
work in cooperation with the operators. Advantage should be taken of
this opportunity to further evaluate deposits by pilot-kiln work and
generally increase knowledge of the light-weight aggregate industry.

As an alternative, samples could be shipped abroad to pilot-kiln
facilities, or a kiln similar to the kiln in Lahore could be built at

Dacca. Samples for shipment abroad would require approximately 4 cubic

yards per sample.
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Cost estimates for the construction of a full-scale commercial
light-weight aggregate plant cover a wide range. The variables and-
alternaéives are numerous; materials range from a clay that must be
pelletized fo shale that could be crusheé and screened as kiln feed.

Two or more smaller kilnms afe favored by sﬁme oﬁerators over a single
large one. The purchase of a used kiln in good condition would be °

a considerable saving, as would other used equipment, such as

conveyors, and fabrication locally of equipment items when possible.

In a country of abundant cheap labor, the merit of mining the clay or
shale by hand as compared to the foreign exchange purchase and operating

cost of a dragline or slack-line scraper. deserves consideration.
<
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Investigations in the Dacca area

Geology
The areas investigated in the viciﬁi;y of Dacca (fig. 5) are under-
lain in part by Holocene flood plane alluvium and in part by Pleistocene

sediments. The Mirpur, Sabhar, and Tungi areas are in Pleistocene

deposits, whereas the Panchabati, Philkuni, and Demra areas are on the
flood plain, Late Pleistocene sediments were alsoc encountered in some
auger holes.
Pleistocene deposits

The Madhupur Clay is regarded as a highly weathered‘flood plgin
deposit of the earlier Ganges, Brahmaputra, and Meghra River systems,
and it is of P;eistocene age. It forms very low hills in the Sabhar
area and in most places in the Mirpur and Tuhgi areas underlies a mantlé
a few inches to a few feet thick of Holocene sediments. It stands
topographically above the level of present active flood plains in the
Sabhar and Tungi areas.

Material eroded from the Madhupur Clay has been transported and
redeposited in some places. Thus, in auger holes numbers AS’ Ag, 47,
Cg, C125 C13, 014, Cis5. 019, and Cyg, in the Panchabati and Demra areas,

reworked material believed to be from the Madhupur Clay has been observed.
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Clay is the ;hief‘conskituent of the Madhupur, although clayey
silt is common. The~clay is bluish gray, whitish gray, yellowish
gray'anh yellowish brown to dark brown and red;«ferrggiqous nodules’
are randomly distributed through it. Organic material is confined
to'the surface soil profile. When wet, the clay becomes very sticky;
when dry, it becomes very hard and feels soapy. The maximum thickness
penetrated in the auger holes was 16 feet, but the Madhupar is
undoubtedly much thicker.

Results of analyses of sevenisamples of Madhupur Clay: from
different localities in East Pakistan are as foilowq: SiOé, 59.88 to
77.40 percent; R203l4 20,20 to 36.00 percent; Fe, 3.34<+ 8.90 pércent;

X, ,

CaCO3, 1 "to 2 percent, and Na plus K, 1.50 + 3.60 percent (Khan,

1962).

1/ - ' '
R203 A1203, Fe203, and traces TiOz.
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Holocene flood-plain deposits

Holocene flood-plain deposits cover the Panchabati, Philkuni, and
Demra areas except near auger holes A5, Ag, Ay, AS’ 012{ Ci3» Clk’,cl5’
019, and CZO' They are also found in thé Mirpur and Sabhar’areas in
auger holes number M, and S3 respectively. These sediments were
deposited on the eroded surface of Pleistocene material. The Holocene
sediments are typically dark, loosely compacted, and have a moderate
water content and an appreciable quantity of organic material. The
Holocene sediments penetfhted by the auger holes are generally divisible
into three distinct beds, as follows: |

Bed 1: Clayey silt is the main material comprising this bed, and
the color ranges from light ‘gray to yellowish gray. The‘;ilt is ioosely
compacted and contains humus; thickness ranges from 0.2 to 4.0 feet.

Bed 2: Bed 2 is méinly clayey silt; the color ranges from yellow
to brownish yellow. The bed is loosely compacted and contains abundant
yellowish-brown ferruginous material. Koot openings and small decayed
wood marticles are also found. Thickness of the bed raﬁges from 2.5 to
12.5 feet.

Bed 3: Bed 3 is mainly silty clay, but in some holes it is clay.
Very fine grained bluish-gray silty sand is found at the bottom of this
bed in holes 02 and 04. The thickness of the bed ranges from 5 to 18 feet.
The bed contains small buff-colored ferruginous ‘pisolites; partly decomposed
wood trunks and small rotten wood particles are randomly distributed.

Vegetal matter of brownish-black éolor is concentrated locally. The clay

has a soapy feel.
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Field agd laboratory procedure

Four reconnaissange auger holes were drilled in the Panchabati
area, two in the Aliganj area, three in the Demra area, two in the
Mirpur area, three in the Sabhar area, and one in the Tungi area.
The depths of the auger holﬂs range from’ 11 to 26.6 feet. Samples
from the reconnaissance holes were tested for bloating cha¥acteristics
in a muffle furnace. The areas of samples that bloated in these
initial tests were consideréd favorayle for furfher study by additional
auger hole drilling. |

The three most favorable areas, Panchabati, Philkuni,.aﬂd Demra,
are referred to herein as Area A, B, and C, rgsﬁectively. In area A
the auger holes are spaced from 670 to 1,680 feet apart.
The minimum and maximum spacing between adjacent holes i;'Area B Qas
1,350 and 2,365 feet, réspectively. The spacing in Area C was greater;
the~distance between two holes is about 3,380 feét. All th; auger hole#
drilled in Areas A, B, and C are shown on figure 5. 1In all, 12 auger
holes were drilled in Area A, 7 in Area B, and 22 in Area C (including
the reconnaissance drill holes). The depth of auger holes ranges from
13.5 to 21 feet in Area A, 16 to 26.6 feet in Area B, and 1l to.23.5 feet
in Area C. The total footage ofothe auger holes of Area A, B, and~C ié
184, 147, and 350 feet, respectively. The auger holes were drilled

manually; logs are given in table 4,
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S;mpling methods

Samples were taken from the reconnaissance auger holes in areas
of ﬁolocene clay deposits. Because of the relative thinness of
Bed 1, and as much of it would be spoiled preparatory to mining, Bed 1
and Bed 2 were sampled as a single unit, predominantly yellow in color,
and designated Sample 1. Bed 3 or gray organic clay was sampled
separately and designated Sample 2. In reconnaissance holes where the
clay deposit appeared to be uniform and was of Pleistocene age, only a
single composite sample was taken; it represented the entire section
for furnace testing. Distribution of samples according to geologic
age and lithologic units is shown in table 4. .

The sample numbering system is tied to the geographic area; the
letter A designates Area.A as referred to herein; the letter T indicates
the holes in the vicinity of Tungi; M indicaﬁes Mirpur anq S indicates
Sabhar. A1 means hole 1 in Area A. A; followed by a dash and the number
1, 2, or 3-(A1-1) indicates the sample within that hole. Al-1 is a
sample from Bed 1; A1-2 is from Bed 2; A1-3 is a composite sample from

Bed 1 and Bed 2 in areas of Holocené clays, or a single composite sample

representing the entire section in areas of Pleistocene clays (see table 4).
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Table 4. Description of auger-hole samples, Dacca area.

Auger
hole Sample Depth of sample .
no. no. (in feet) Description of sample Age
Tungi area
e T1-3 0.0 - 0.5 Silty clay, grayish yellow Pleistocene
0.5 - 3.5 Silty clay, yellowish brown
3.5 - 7.2 Silty clay, brownish yellow
7.2 - 8.0 Silty clay, reddish brown -
8.0 - 12,0 Silty clay, brownish yellow
Sabhar area
32 8,-3 0.0 - 4.0° - Silty clay, red Do.
4.0 - 13.0 Clay, white and reddish brown
mottled
Mirpur area
' L M; -3 0.0 - 0.3 Clay silt, whitish gray . Do.
0.3 - 4.3 Clay, chocolate colored
4.3 - 6.8 Clay, light chocolate color
6.8 - 11.0 Silty clay, brownish chocolate
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Table 4. Description of auger-hole samples, Dacca area (continued)

Auger .
hole Sample Depth of sample Description of sample Age
no. no. (in feet)

Panchabati, Area A
4, Az-l 0.0 - 2.0 Clayey silt, yellowish gray Holocene
2.0 - 7.5 Clayey silt, light yellow
A,-2 7.5 - 21.0 Silty clay, bluish gray
4,-3 Composite sample of Az-l and A2-2
A, Aﬁ-l 0.0 - 3.5 Silt, yellowish gray and grayish Do.
yellow
3.5 - 4.0 Clayey silt, yellowish gray
4.0 - 6,0 Silt, yellow
6.0 - 8.0 Clayey silt, brownish yellow
8.0 - 8.5 Clayey =ilt, light grayish yellow
A,-2 8.5 - 11.0 Clayey silt, grayish blue
11.0 - 21.0 Silty clay, grayish blue
A,-3 Composite of A;-~1 and A,-2
Ag As-l 0.0 - 2.5 Clayey silt, gray Pleistocene
2.5 - 5.2 Clayey silt, yellowish gray
5.2 - 8.5 Silty clay, brownish yellow
A5 -2 8.5 - 13.5 Clay, chocolate
A5-3 Composite of A5-1 and A5-2



Table 4. Description of auger-hole samples, Dacca area (continued)

Auger
hole Sample Depth of sample
no. no. (in feet) Description of sample Age
Paﬁchabati, Area A (cont'd)
A Ag-l 0.0 - 4,3 Clayey silt, yellowish gray Pleistocene
4.3 - 9.0 ~ Clayey silt, yellow
Ag-2 9.0 - 15.5 Clay, chocolate
Ag-3 Composite of Ag-l and Ag -2 )
A Al 0.0 - 4.0 Clayey silt, yellowish gray . Do.
4.0 - 7.5 Clayey silt
Ay -2 7.5 - 13.5  (Clay, chocolate
A7-3 Composite of Ay-1 and A7-2
Ag As-l 0.0 - 3.5 Clayey silt, gray to yellowish Do.
gray |
3.5 - 6.0 Silty clay, yellowish brown
6.0 - 7.5 Clay, light chocolate 3
Ag-2 7.5 - 16.0 Clay, yellowish gray
A8-3 Composite of Ag-l and Ag-2
A9 A9-1 0.0 - 1.0 Clayey silt, light gray Holocene
1.0 - 4.0 Clayey silt, light yellow '
4.0 - 5.0 Clayey silt, blackish gray

5.0 - 5.5 Clayey silt, light yellowish gray
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Table 4. Description of auger-hole samples, Dacca area (continued)

Auger
hole Sample Depth of sample
no. no. (in feet) Description of sample Age
Panchabati, Area A (cont'd)
4q Ag-2 5.5 - 8.5 Silty clay, grayish black Holocene
» 8.5 - 16.0 Silty clay, grayish blue
4g-3 Composite of Ag-1 and Ag-2
Ao Alo-i 0.0 - 0.3 Clayey silt, gray Do.
0.3 - 2.9 Clayey silt, yellow
2.9 - 3.4 Clayey silt, blackish gray
3.4 - 6.4 Clayey silt, yellow
Aj9-2 6.4 - 12.4 Clayey silt, grayish blue
12.4 - 13.8 Clay, grayish black, carbonaceous
13.8 - 18.5 Silty ciay, gray
18.5 - 21.0 Clay, blackish gray
A3 Composite of Ajj-1 and 4,,-2 .
A11 All-l 0.0 - 0.5 Silty clay, gray Do.
0.5 - 1.7 Clayey silt, gray and yellow
1.7 - 6.2 Clayey silt, yellowish brown
A11-2 6.2 - 10.0 Clayey silt, greenish blue
10.0 - 10.3 Clay, blackish gray, carbonaeceous
10.3 - 17.0 Silty clay, ash gray
Ay1-3 Composite of Aj;-1.and Ajp-2
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Table 4.

Description of auger-hole samples, Dacca area (continued)

Aﬁgiz Sample Depth of sample Description of sample Age
no. no. (in feet)
Pancﬁabati, Area A (cont'd)
A, A12-1 0.0 - 0.5 Silty clay, gray Holocene
0.5 - 1.7 Clayey silt, gray and yellow
1.7 - ll;b Clayey silt, yellow
Aj,-2. 11.0 - 11.5 Silty clay, blackish gray,
carbonacepus
11.5 -'15.6" Clayey silt, grayish blue
15.6 - 16.0 Silty clay, blackish gray,
carbonaceous
A12-3 Composite of Ajo-l1 and 4Ap5-2
Philkuni, Area B
B-1 By-1 0.0 - 2.5 Clayey silt, gray to yellowish Do.
gray ) ’
2.5 - 5.0 Silt, yellow to brownish yellow
5.0 - 5.8.  Silty clay, blackish gray
5.8 - 10.1 . Silt, yellow to brownish yellow
10.1 - 10.8 Clayey silit, blackish gray
10.8 - 14.1 . Clayey silt, brownish yeilow
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Table 4. Description of auger-hole samples, Dacca area (continued)
Auger
hole Sample Depth of sample
no. no. (in feet) Description of sample Age
Philkuni, Area B (cont'd)
B-l 81-2 14.1 - 14.6 Clay, carbonaceous, black Holocene
14.6 - 24,1 . Clay, bluish gray
24,1 - 26.6 Clay, light yellow to yellow
B;-3- Composite of By-1 and B, -2
B-, B,-1 0.0 - 3.0 Clayey silt,. gray Do,
3.0 - 3.5 Silty clay, yellowish gray
3.5 - 9.0 . Clayey silt, yellow
By-2 9.0 - 11.5 Clayey silt, grayish blue
11.5 -~ 14.7 Silty clay, dark gray
14.7 - 21.0 Clay, biackish gray, carbondceous
Bz~3 Composite of B,-1 and Bz-z
3-3 33~1 0.0 - 1.0 Clayey silt, light gray Do.
1.0 - 8.5 Clayey silt, yellow to brownish
" yellow
8.5 - 13.5 Silty clay, brownish yellow
33-2 13.5 - 18.5 Clay, blue and brown
B3-3 Composite of B3-1 and By-2



Table 4. Description of auger-hole samples, Dacca area (continued)

Auger
hole Sample Depth of sample
no. no. (in feet) Description of sample Age
Pﬁilkuni, Area B €ont'd)
B-, B4-1 0.0 - 1.2 Clayey silt, gray - Hoiocene
1.2 - 4.0 . Clayey silt, gray and yellow
4.0 - 3.5 Clayey silt, yellow to brownish
yeliow i
B4-2 8.5 - 11.0 Clayey silt, grayish blue
11.0 - 13.5 Clay, black to grayish blue
13.5 - 21.0 Silty clay, gray to bluish gray
B4-3 Composite of By-1 and By, -2
B-5 Bs-1 0.0 - 1.2 Clayey silt, gray ) Do.
1.2 - 3.5 Clayey silt, grayish yellow.
3.5 - 7.0 Clayey silt, yellow
Bg-2 7.0 - 13.5 Clayey silt, dark gray
13.5 - 14.0 Silty clay, dark gray, ca;Bonaceoué
14.0 - 21.0 Silty clay, gray to bluish gray
B5-3 Composite of Bg-1 and Bs-2 - |
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Table 4.

Description of auger-hole samples, Dacca area (continued)

Auger .
hole Sample Depth of sample Description of sample Age
no. no. (in feet)
Philkuni, Area B (cont'd)
3-6 Bg-1 0.0 - 0.5 Clayey silt, gray Holocene
0.5 - 4.0 Clayey silt, dark gray
4,0 - 6.0 Clayey silt, light yellow
6.0 - 6.5 Silty clay, grayish white
6.5 - 12.3 Silty clay: dark yellow
Bg-2 12.3 - 13.5 Silty clay,. grayish blue
13.5 - 16.0 Silty clay, bluish yellow
Bg-~3 Composite of Bg-1 and Bg-2
B-y By-1 0.0 - 0.5 Clayey silt, light gray Do.
0.5 - 2.5 Clayey silt, grayish yellow
2.5 - 5.5 Clayey silt, yellow
5.5 = 6.5 Silty clay, brownish gray
6.5 - 8.0 Clayey silt, yellow N
B,-2 8.0 ~ 16.0 Clayey silt, bluish gray
16.0 - 21.0 Silty clay, grayish blue
B,-3 Composite of B,-1 and By-2
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Table 4. Description of aﬁger-hole samples, Dacca area (continued)

Auger .
hole Sample Depth of sample Description of sample Age
no. no. (in feet) i
Demra, Area C
C-; -1 0.0 - 0.2 Clayey silt, blackish gray Holocene
0.2 -~ 5.0 Clayey silt, yellow
5.0 - 6.5 Silty clay, grayish yellow
C -2 6.5 - 12.0 Silty clay, blackish gray
12.0 - 16.0 Clay, grayish blue
C-y Cy-1 0.0 - 2,2 Silty clay, blackish gray Do.
2.2 - 6.9 Clayey silt, yellow
Cp=2 6.9 - 13.4 Clay, grayish blue
13.4 - 14.1 Silty sand, bluish gray, very’
fine grained
0-3 C3~1 0.0 ~ 2,5 Clayey silt, gray Do.
2.5 - 6.5 Silty clay, brownish chocolate and
yellowish gray

C3-2 6.5 - 14.5 Clay, gray to grayish blue

C3-3 Composite of C3-1 and C3-2
C-4 C4-1 0.0 - 1.5 Silty clay, dark gray Do.

1.5 - 3.5 Clayey silt, grayish yellow
3.5 ~ 7.2 Silt, brownish yellow
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Table 4. Description of auger-hole samples, Dacca area (continued)

Aﬁgiz Sample Depth of sample Description of sample Age
no. no. (in feet)
Demra, Area C cont'd)
C-, Cy-2 7.2 - 8.4 Silty clay, grayish blue Holocene
8.4 - 9.6 Clay, black, carbonaceous
9.6 - 16.0 Silty clay, blackish blue
16.0 - 21.0 Silty clay, greenish blue.
04-3 Composite of 04-1 and cn-z
C-¢ Ce-3 0.0 - 0.2 Silty clay, gray Pleistocene
. 0.2 - 1.5 Silty clay, yellow
1.5 - 11.0 Silﬁy clay, chocolate
C-; C7-1 0.0 - 2.5 Clayey silt, yellowish gray Holocene
2.5 - 3.5 Silty clay, gray
3.5 - 4.0 Silty clay, light yellow
4.0 - 8.5 Clayey silt, light yellow®
C7-2 8.5 - 13.5 Clayey silt, bluish gray
13.5 - 16.0 Silty clay, blackish gray
16.0 ~ 21.0 Silty clay, light bluish gray
c,-3 Composite of Cy-1 and q7-2
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Table 4.

Description of auger-hole samples, Dacca area (continued)

Auger
hole Sample Depth of sample . .
no. no. (in feet)_ Description of sample Age
. Demra, Area C (cont'd)
C-g Cg-1 0.0.- 2.5 Clayey silt, dark gray Holocene
2.5 - 5.0 Clayey silt, yellowish gray
5.0 - 8.5 8ilt, yellowish brown -
Cg-2 8.5 - 21.0 Clayey silt, bluish gray,
micaceou; .
Cg-3 Composite of Cg-l and 08-2
C-g Co-1 0.0 - . 2.0 Clayey silt, dark gray Do.
2.0 - 5.0 Clayey silt, yellowish gray
5.0 - 8.5. Silt, yellowish brown
Co-2 8.5 - 21.0 Clayey silt, bluish gray
Cg-3 Composite of Cg~1 and 09-2
_ .
C-10 C10-3 0.0 - 3.5 Silty clay, blackish g?ay Do.
3.5 - 9.0 Silty clay, light bluish yellow .
9.0 - 16;7 Silty clay, bluish yellow
16.7 - 21.0 Silty clay, brownish yellow

'
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Table 4. Description of auger-hole samples, Dacca area (continued)

Auger
hole Sample Depth of sample Description of sample Age
no. no. (in feet)
Demra, Area C (cqnt'd)
C-12 C12'1 0.0 - 0.5 Silty clay, yellowish gray Pleistocene
‘ 0.5 - 2.5 Silty clay, light yellow
2.5 - 9.5 Silty clay, yellowish’gray
9.5 - 14.5 Silty clay, dark yellow
14.5 - 17.0 Silty clay, brownish red
Cyp-2 17.0 - 19.0 Silty clay, grayish blue
19.0 - 21.0 Clayey silt, bluish gray
Cqip-3 Composite éf Ci2-1 and 012-2
C-13 Ci3-1 0.0 - 1.0 Silty clay, dark yellow Do.
1.0 - 3.5 Silty clay, light grayish
- chocolate
3.5 - 8.0 Silty clay, gray .
013-2 8.0 - 18.5 Silty clay, grayish yellow
Cy3-3 Composite of 013-1 and 013-2
C-14 Cis-l 0.0 - 3.1 Silty clay, yellow Do.
3.1 - 10.0 Silty clay, grayish yellow
014-2 10.0 - 18.5 Silty clay, light brownish yellow
C14-3 Composite of Cp4-l and Cp, 2 '
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Table 4.

Description of auger-hole samples, Dacca area (continued)

146

Auger
hole Sample Depth of sample Description of sample Age
no. no. (in feet)
Demra, Area C (cont'd)

C-15 015-3 0.0 - 3.0 Silty clay, yellow Pleistocene
3.0 - 8.0 Silty clay, light yellowish gray
8.0 - 13.5 Silty clay, bluish yellow

C-16 016-3 0.0 - 0.5 Clayey silt, dark gray Holocene

' 0.5 - 6.5 Silt, yellow
6.5 - 19.0 Clayey silt, light blackish gray,
micaceous

C-17 017-3 0.0 - 0.7 Clayey silt, gray Do.
0.7 - 6.7 - 8ilt, yellow
6.7 - 21.0 Clayey silt, dark gray

'C-la Cls-l 0.0 - 0.6 Clayey silt, gray ! Do.
0.6 - 5.6 Clayey silt, yellow
5.6 - 6.4 Silty clay, yellowish gray
018-2 6.4 - 10.9 Clay, dark gray
10.9 - 12.4 Clay, black, carbonaceous
12.4 - 21.0 Clay, grayish blue
018-3 Composite of Cyg-1 and 018-2



Table 4. Description of auger-hole samples, Dacca area (continued)
Auger
hole Sample Depth of sample Description of sample Age
no. no. (in feet)
Demra, Area C (cont'd)

C-19 019-3 0.0 - 3.0 Silty clay, yellow Pleistocene

3.0 - 8.0 Silty clay, yellow and brownish

gray

8.0 - 15.0 Silty clay, bluish gray
C'ZO Cy0-3 0.0 -~ 1.5 Silty clay, gray Do.

1.5 - 23.5 Silty clay, yellowish brown, with

bluish gray

C-21 021-1 0.0 - 0.5 Clayey silt, gray Holocene

0.5 - 4.5 Clayey silt, light yellow

4.5 - 5.5 Silty clay, light yellowish gray

021-2 5.5 - 10.5 Clay, gray
10.5 - 12.5 Clay, dark black, carbonaceous
12.5 - 21.5 Clay, grayish blue
Cyp-3 Composite of C3)-1 and Cy;-2

C-25 022-1 0.0 - 0.5 Clayey silt, gray Do.

0.5 - 3.5 Clayey silt, light yellow

3.5 - 4.0

Silty clay, yellowish gray
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Table 4. Description of auger-hole samples, Dacca area (continued)

Auger Sample Depth of sample Description of sample " Age
hole no. (in feet) :
no.

Demra, Area G (cont'd)

C-22 022-2 4.0 - 8.5 Clay, blackish gray Holocene
' 8.5 - 11.0 . Clay, dark gray, carbonaceous
11.0 - 21.0 Clay, grayish blue
022e3 Composite of 022-1 and Cyp-2

Some physical properties of 10 clay samples as determined in the
laboratories of CSIR, Dacca, are listed in tablevs.
Quick-firing tests
Samples 1 and 2 from each reconnaissance hole were tested indivi-
dually in the muffle furnace to obtain specific bloating characteristics
for each sample. Muffle furnace tests were also made oh composite
samples from each reconnaissance hole; the composite sample consisted of

equal amounts.of clay from samples 1 and 2.
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As it is desirable to mine the entire deposits in actual commercial

operations with a minimum of selective spoiling of any layer, only

composite samples from the exploration holes in Areas A, B, and C were

tested. The authors recognize that the blend used in these composite

samples (equal amounts of clay from each layer) may not be the optimum

mix to produce the strongest bloated material, but such an optimum mix

can be determined only by use of a pilot kiln to produce enough aggregate

for making concrete test cylinders.

Table 5. Physical properties of clay samples.

Sample No. Plasticity Dry shrinkage Final shrinkage
(percent) (percent at (percent at
110° ¢) 1000° ¢)
A5-3 26.6 8 12
Ag -3 15.9 5 10
Aj,-3 26.9 6 15
B,-3 20.8 2 7
B7-3 26.1 9.k 12
Cg-3 28.3 6.2 13.6
07-3 27.8 5 13
C1373 24.6 8 12
Cl5-3 21.6 7 11.4
Con-3 26.9 L.8 13
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Table 6.--Quick-firing tests on samples from Dacca area.

A}

Tempera-

Sam- ture Firing time
ple Fahren-
no. heit -
15 minutes 20 minutes 25 minutes 30 minutes
T,-3 | 18000 F, | bight med ineide, - Light red Inside, Light red inadde, - Light red {ngide,
1 red outside, red outside, red outside, eutsgide, ‘
moderately moderately mederately - mederately
strong, ne strong, ne strong, ne strong, ne
bleat, bloat, bloat, bloat.
1900° F.| Red through- Light red inside Dark - red Dark red
out, modera- dark red out- threughout , threughout,,
tely strong, side, moderate- moderately moderately
| ne bleat, ly strong, ne strong, ne strong, no
i bh‘t . bl“t. bl“t .
| 20000 F.! Dark red Dark red Dark red Dark red
throughout, throughout, throughout, throughout,
fairly strong, fairly strong, fairly strong; fairly strong,
e bloat, ne bloat, no bleat, no bloat,
2100° F.| Dark red Dark red Light brown Light brown_
throughout, throughout., throughout, very throughout, very
fairly strong, fairly strong, strong, ne strong, ne
no bloat, no bloat, bloat, bloat,
\
2200° F.| Dark red Dark red "Light brown _ Brown
_throughout, througheut, throughout, throughout,
fairly strong, fairly strong, fairly strong, fairly strong,
ne bloat. no bleat, ne bloat, ne: bloat.,
| 2300° 7. 1@t brown  rown Light brown Light brown
! throughout, throughout, inside, dark inside, dark
1 fairly streng, fairly strong, brown out- " brown out-"
ne bloat, no bleat, side, very side, very
strong, no strong, very
' bloat. - fine bloat,
f
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Table 6.--Quick-firing tests on samples from Dacca area.

Tempera-
Sam= ture Firing time
ple Fahren-
no. | heit
15 minutes 20 minutes 25 minutes 30 minutes
-3 1800° F.| Red throughout, Red throughout, Red throughout, Red throughout,
Moderately strong Fairly strong, Fairly strong, Fairly strong,
! No bloat, No bloat. No bloat,
1900° F.!| Red throughout, Red throughout, Red throughout, Red throughout,
i Moderately strong, Fairly strong, Fairly strong, Fairly strong,
No bloat. No bloat. ~ No bloat. No bloat.
20()0o F.! Red throughout, Dark red throughout lLight brown 1 Brown throughout, -
Fairly strong, Fairly strong, throughout, Fairly strong,
No bloat, No bloat. Fairly strong, No bloat,
‘ No bloat,
{
' 2200° F,! Dark red Light brown “"Brown Brown throughout,
. throughout, throughout, throughout, dense, vitreous
] Fairly strong, Fairly strong, dense, vitreous edgs, very strong,
! No bloat. No bloat. edge, very strang, No bloat,
: No bloat,
2300° F.| Dark red Red outside, Brown Brown Dark brown
throughout, inside, Chocolate throughout, throughout,
Moderately strong, outside, Fairly Fairly streng, Fairly strong,
No bloat. Strong, No Very fine Slightly sticks
bloat. bloating. together, Fine
|
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Table 6.--Quick-firing tests on samples from Dacca arca.

Tcmpera- '
Sam=-| ture Firing time
ple Fahren= '
no. heit . -
15 minutes 20 minutes - - 25 minutes 30 minutes
7/ ‘.
My -3 1800° F. | rRed throughout, Red throughout, Red throughout, Red throuzhout,

"1900° F.

2000° F.

2100° F.

2200° F.

2300° F.

Moderately
strong, no bloat.

Red throughout,
Moderately
strong, no bloat.

Red throughout

Moderately
strong, no bloat.

Red throughout,

‘Moderately

strong, no bloate

Dark red through-
out, Fairly

strong, no bloat.

-
@

Chocolate throughe
out, Fairly ’

strong, very fine

bloat., :

Yoderately

- strong, no bloat.

Dark red through-
out, Moderately
strong, no bloat.

.

Red throughout
Moderately
strong, no bloat.

Dark red throughe
out, Fairly -
‘strong, no bloat.

1ight cliocolate,
throughout, Fairly

‘strong, no bloat.

Chocolate throughe
out, Fairly

- strong, slightly

sticks together,

'very,f;pe bloat.

1157

Moderately -
gtrong, no bloat.

Dark red through=
out, Moderately
strong, very
1little bloat,

Dark red through-
out, Fairly
strong, no bloat.

. Dark red through=-

out, Fairly .
strong, no bloat.

Chocolate through
out, dense, very
strong, no Q}oat.

Chocolate through-
out, Fairly :

_strong, slightly

sticks together,

fine bloating.

Hoderately
strong, no bloat.

Dark red through-
out, Moderately
strong, very

1ittle bloat.

Dark red throuth
out, Fairly ;
strong, no bloat..

{
1

Dark red throv.zgh-l
out, Fairly ,
strong, no bloat.

Chocolate through
out, dense, very
strong, no bloat.

Dark chocolate

" throughout, -

Fairly strong,

slightly sticks
tozether, fine

bloat.



Table 8. --Quick-~firing

tests on samples from Dacca arca.

¢ Tcempera-
Mml turc Firing time
ple ! Fahren-
0. | heit .
; ° 15 minutes 20 minutes 25 minutes 30 minutes
o
A,-3 ‘' 1800° F.| Central por- Central por- Central por- Some finely
i : tion finely tion very tion very bloated, dark
! : bloated, dark finely bloat- finely bloated, gray inside,
; red inside, ed, dark red dark gray ine red outside,
! light red out= inside, red side, red out- fairly strong.
! side moderately outside, . side, moderate=~
: strong. moderately ly strong.
! strong. .
i
1900° F. Finely bloated, Finely bloated, Well bloated, Well bloated,
dark gray in- dark gray in- dark gray ine- dark gray in-
gide, red out- side, red out- side, red out- side, red out-
side, fair- side, fairly gide, fairly side, fairly
1y strong. strong. strong. strong.
2000° F. [Finely bloated, Well bloated, Over bloated, Over bloated,
dark gray in- gray i gray gray o
ide, red out- inside, dark inside, dark inside, brown
side, fairly red outside, brown out- outside,
trong. fairly strong. side, not weak, sticks
strong, sticks in crucible.
together.
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Table 6.--Quick-firing tests on samples from Dacca area.

Tempera=-
Sam- | ture Firing time
ple Fahren-
no. heit
; 15 minutes 20 minutes 25 minutes 30 minutes
A -1! 1800° F{ Seme finely Some very Seme finely Finely bloated,
4 bleated, light finely blea- bleated, red red eutside,
red threugheut, ted, red outxide, dark dark red imside,
moderately throughout, red outside, moderately
strong, dark moderately moderately strong, dark
" browa specks, strong, dark strong, dark brown specks.
fine mica brown specks, brown specks, B
flakes fine mica fine mica
‘throughout, flakes flakes.
throughout,
I
1900° F Some finely Finely blea- Well bleated, Finely bleated,
bloated, red ted,tan red tan red out- red to tan
outside, dark outside, dark side, dark red outsids,
gray insids, gray insids, gray inside, dark gray in-
moderately fairly strong. fairly strong. side, fairly
rong, fine . strong.
ca flakes
hroughout.
|
2000° F very Fine even Well bloated, Well bloated,
ely bloa- bloating, some over- some over-
od, red out- dark red blosted, dark blasted,
ide, dark red outside, brown out- " browm L
side, gray [ side, light outside,
erately " inside, gray , gray | _
rong, a fairly inside, moder- inside, moder-
ow white strong, & | ately strong, ately strong,-
ts. feow brownish sticka alightly sticks
crean spots, together. togsther, )
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Table 6.~-Quick-firing tests on samples from Dacca arca.

Tomne ra-!

Sam=-; ture Firing time
ple Fahren-
no. heit :
15 minutes 20 minutes 25 minutes 30 minutes
A,-2 | 1800° F. Not bleated, Central por- Central por- Central por-

' light red out- tion very tion very tion very finely
side, grayish " finely bloa- finely bloa- bloated, light
red inside, ted, light:ped ted, light red outside,
moderately outside, gray red outside; dark red inside,
strong. inside, fairly gray inside, fairly strong.

strong. fairly strong,

1900° F. Central por— Finely bloa- Finely bloa- Fine to medium
tion very ted red to ted, red bloated, light
finely bloa- light red outside, dark red outside, dark
ted, light outside, dark gray inside, gray inside,
red outside, gray inside, fairly strong. fairly strong.
dark gray moderately
inside, strong.
moderately
strong.

2000° F. Central Por- Fine evenly Well bloa- Overbloated,
tion a little bloated, dark ted, some brown
bloated, red red outsilde, overbloated, outside,
outside, light gray inside, dark brown gray inside, moder-
gray inside, fairly strong. outside, ately strong,
moderately . whitish gray sticks together,
strong, inside, moder-
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Table 6.--Quick-firing tests on samples from Dacca area.

Tempera-
Sam-=- turc Firing time
ple Fahren- :
no. heit
15 minutes 20 minutes 25 minutes 30 minutes
A,-3 1800° F. Central por- Central por- Central por- Some finely
. tion very’ tion very tion finely bloated, dark
finely bloa- finely bdbloated, bloated, dark gray inside,
ted, dark dark red inside gray inside, red outside
red inside, red outside, red outsids _ fairly strong,
light red moderately noderately dark brown
- outeside strong dark strong, dark specks.
moderately brown specks. brown specks.
strong,
red brown
specks.
1900° F. Finely bloa- Finely bloated, Well bloated, Well bloated,
ted, dark gray dark gray in- dark grey in- dark gray in-
inside, red side, red out~ aide, red out- side, red out~
outgide, fairly side, fairly side, fairly side, fairly
strong, black strong. strong. strong, black
specks. specks,
2000° F. Pinely bloated, Well bloated, Over bloated, _Over bloated,
dark gray in-  gray | gray | ‘gray |
side, red out- 1inside, dark inside, dark inside, brown -
side, fairly red outside, brown out- outside,
strong, a few  fairly strong. side, not not strong,
brown specks. strong, sticks sticks together.
m"u).ro
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Table 6.--Quick-firing tests on samples from Dacca area.

Tompera-!
Sam- ture ! Firing time
ple Fahren-
no. hei
15 minutes 20 minutes - 25 minutes 30 minutes
A.-3 1800° F. Red, medium Reddish brown, Reddish brown, Reddish brown,
3 ‘ hard, no medie hard, medium hard, medium hard,
bloat. no bloat. no bloat. - no bloat.
1900° F. Reddish brown, Reddish brown, Brownish red, Brownish red,
medimm hard, medium hard, medium hard, medium hard,
gray centre, no bloat. some gray gray centre,
no bloat. centre, trace fine bloat.
! very fine
; b].oato
2000° F. Reddish brown, Reddish brown, Brownish red, Brownish red,
medium hard, medium hard, medium hard, medium hard,
gray centre, trace gray cen- gray centre, gray centre,
no bloat. tre, no bloat. very fine fine bloat.
bloat.
2100° F. Reddish brown, Brownish red, Brownish red, Brownish red,
medium hard, medium hard, medium hard, - medium hard,
some light light gray cen-  gray centre, gray centre,
gray centre, tre, no bloat. fine bloat. fine to
no bloat.
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Table 6.--Quick-Liring tests on 'snmj:lcs from Dacca arca.. .

Tempera-
Sam=| ture Firing time
ple Fahren- '
no. heit
15 minutes - 20 minutes 25 minutes 30 minutes
Ag-3 | 1800° F. Brick red, Brick red, Dark brick Dark brick
) medium strong, medium strong, red, medium red, medium
no bloat. .no bloat. atrong, no strong, no
. bloat. bloate.
1900° F. Brick red, Brick red, Dark brick red, Dark brick
o medium strong, medium strong, medium sirong, red, medium
no bloat. no - bloat. - 'no bloat. strong, no
bloat.
2000° F. Reddish brown, Dark reddish Dark reddish Dark reddish
strong, no brown, strong, brown, strong, brown, strong,
bloat. some dark gray dark gray cen- no bloat.
) centre, no bloat. tre, very fine
bloat.
N ¢
2100° F. Reddish brown, Dark reddish Dark brown, Dark brown,
strong, n®e * brown, strong, strong, dark strong,
bloat. trace gray gay oentrs, no bloat.
centre, some fine to medium
bloat.

fine bloat.
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Table 6.--Quick-firing tests on samples from Dacca area.

Tempera-
Sam- | ture Firing time
ple Fahren-
no. heit
15 minutes 20 minutes 25 minutes 30 minutes
A-3 1800° F. Brownish red, Reddish brown, Reddish brown, Reddish brown,
medium hard, medium hard, medium hard, medium hard,
no bloat. no bloat. no bloat. no bloat.
1900° F. Brownish red, Reddish brown, Brownish red, Brownish red,
I~ medium hard, medium hard, medium hard,” medivm hard,
. gray centre, no bloat. gray in centre, gray centre,
no bloat. fine bloat. fine bloat.
2000° F. Brownish red, Brownish red, Brownish red, -Brownish red,
medium hard, medium hard, medium hard, medium hard,
gray centre, gray centre, gray centre, gray centrs,
no bloat. no bloat. fine bloat. fine bloat.
2100° F. Reddish brown, Brownish red, Brownish red, Brownish red,
medium hard, medium hard, medium hard, medium hard,
some light gray centre, gray centre, gray centre,
gray centre, soxe very good fine fine to )
no blout. fine bloat. bloat. medium blost.

‘.,
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Table 6.--Quick-firing tests on samplcs from Dacca arca.

Tempera-
Sam~| ture Firing time
ple Fahren- i
no. heit . .
15 minutes 20 minutes 25 minutes 30 minutes
Ag-3 | 1800° F. Reditish browa, Reddish brewm, Reddish trown, Beddish brown,
medium hard, hard, herd, trace bard, no
' gray in centre, no bleat. ey csutre, bloat.
no bloat. no bloat.
1900° F. Reddish brown, Reddish brown, Reddish brown, Reddish brown,
bard, light hard, gray hard, gray hard, gray
gray centre, centrs, no - centre, no centre, trace
no bloat., bloat. bloat. fine bloat.
2000° F. Reddish brown, Brownish red, Brownish red, Brownish red,
medium hard, nedium hard, medium hard, medium hard,
trace gray cen- gray ceatre, gray centre, gray centre,
tre, no bloat. some fine fine ploat. fine bloat.
bloat.
2100° F. Reddish brown, Reddish brown, Dark reddish’ Dark reddish
medium hard, wedium hard, brown, medium brown, medium
gray centyre, light gray cen-~ hard, light hard, light
sone fine tre, fine bloat. grsy ceatre, gray, centre
bloat. : fine to medium fine bloat. .
bloat. s ‘
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Table 6.--Quick-firing tests on samples from Dacca arca.

i

Tcmpcra-;

Sam-| ture i Firing time
ple -} Fabhren-
no. heit * :
15 minutes 20 minutes 25 minutes 30 mim_xtes
Ag-3 | 1800° F{ Brownish red, Brownish red, Brownish red, Brownish red,

. Medium strong, medium strong, mediwm strong, medium strong,
gray centre, gray ceatre, dark gray cen- dark gray cen-
no bloat. no bloat. tre, no bloat. tre, trace fine

bloat.

1900° F{ Light brown Brownish red, Brownish red, Brownish red,

, color, medium medium sirong, ° wmedium sirong, medium strong,

i strong, gray dark gray cen= dark gray cen- dark gray cen-
centre, no tre, trace fine tre, fine bloat. tre, fine bloat.
bloat, bloat.

2000° F| Light brown " Dark brown, Dark brown, weak, Dark brown, weak,
color, medium weak, dark gray dark gray centre, dark gray centre,
strong, dark centre, fine to fine to medium fine to medium
gray centre, medium bloat. bloat, sticking bloat, sticking
fine to medium the crucibls. in crucible.
bloat.

2100° F| Tan color, Dark brown, Dark brown, No sample run.
medium strong, weak, dark weak, dark gray
dark gray cen- gray centre, centre, over-,
tre, fine fine to medium bloated, stick-
bloat. bloat. ing in crucible.
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Table 6.--Quick-firing tests on samples from Dacca area.

Sam-

t
Tempera-

ture

Firing time

ple Fahren=-
no. heit
15 minutes 20 minutes 25 minutes 30 minutes
Ava 3| 1800° F. Light brown Brownish red, Brownieh red, Brownish red,
10~ color, medium medium strong, weak, grey weak, brittle,
strong, gray -  gray centre, centre, fine gray centre,
centre, no very vine bloat. fine bloat.
bloat., bloat.
1900° F. Light brown Brownish red, . Dark brownish Dark brick red,
color, medium  medium strong, red, medium weak, dark
strong, gray gray centre, strong, light gray centre,
centre, some fine bloat. to dark gray fine bloat.
very fine bloat, ceatre, fine
to medium bloat.
2000° F. Light brown, Dark brown, Dark brown, weak, No sample run.
medium strong, Wweak, grey cen- dark gray, medium )
gray centre, tre, medium to overbloat.
fine to medium bloat. .
float.
2100° F. Reddish brown, Dark brown, Dark brown,-weak, No sample run.
medium hard. weak, dark dark gray centre,
dark gray cen- gray centre, overbloat,
:re, fine medium bloat. sticking in crui-
loat.
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Table 6.--Quick-firing tests on samples from Dacca area.

!
Tempera-|
Sam- ture i Firing time
ole Fahren~
no. heit {
; 15 minutes 20 minutes 25 minutes 30 minutes
!
A11-3f 1800° F.g ° Light brown Light brown Light brown Light brown
i i coler, color, color, color,
§ ; medium strong, medium strong, medium strong, medium strong,
. I some gray cen- some gray cen= no bloat. no bloat.
i tre, no bloat. tre, no bloat.
1900° F. Light brown Brown color, Dark brown, No sample run.
medium strong, medium strong, weak, dark
dark gray cen- dark gray cen- gray centre,
tre, some very tre, fine to overbloat,
fine bloat. medium bloat. fusing in
crucible.
, .
2000° F, Light brown Dark brown, Dark brown, No sample run.
color, medium medium strong, weak, gray
strong, gray centre, centre,
gray centre, medium bloat. overbloated,
very fine to fusing in crucible.
‘ medium bloat,
!
2100° F. Dark brown, Dark brown, No sample run. No sample run,
weak, gray cen- weak, gray .
tre, fine to centre, fine '
overbloat, begin-to overbloat,
ning to stick begimning to
and fuse. to stick and
fuse.
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Table 6.--Quick-firing tests on samples from Dacca arca.

Tempera-
Sam- ture Firing time
o Fahren-
no. heit
* 15 minutes 20 minutes 25 minutes 30 minutes
Ayy~3 1800° F. ! Light brown Light brown Light brown Light brown
i color, medium color, medium celor, medium color, medium
strong, some strong, some strong, no gray strong, no
gray centre, gray centre, centre, no bloat, gray centre,
no bloat. no bloat, - no bloat,
. 1900° F. Light brown Brown color, " Dark brown, No éample run,
color, medium medium strong, weak, dark
! strong, dark dark gray cen- gray centre,
! gray centre, tre, fine to overbloat,
; no bloat, médium bloat, fusing in
: crucible.
|
2000° F. Darkbrown, Dark brown, No sample run. No sample run.
- weak, brown weak, dark
centre, poor to gray, overbloat,
overbloat, sticidng in
sticking in crucible.
crucible.
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Table 6.--Quick-firing tests on sampies from Dacca area.

!

i

Tompera-
Sam- | ture ! Firing time
ple Fahren-
no. heit
15 minutes 20 minutes 25 minutes 30 minutes
B,-1 | 1800° F. Red throughout, Red throughout, Dark red Red throughout,
: weak, not weak, not throughout, moderately
bloated. bloated. moderately strong, not
strong, not bloated.
bloated.
1900° F. Red through- Dark red . Dark red Dark red
out, moderate- throughout, throughout, through,
ly etrong, moderately moderately moderately
not bloated. strong, not strong, not atrong, not
bloated. bloated. bloated.
2000° F. | Reddish brown, Dark brownish Dark red Light choco-
fairly strong, red, fairly throughout, late through-
light gray strong, light. fairly strong, out, very hard,
centre, not gray ceatre, not bloated., not bloated.
bloated. not bloated. :
2100° F. Red throughout, ILight brown Brown Brown
moderately throughout, throughout, throughout,
strong, not fairly strong, dense, vitreous dense vitre-
bloated. not bloated, edge, very hard, ous edge,
not bloated. very hard, not
bloated.
2200° F. Dark red through- Brown Brown through- Dark brown

out, fairly
strong, not
bloated.

throughout,
very hard,
very fine ir-
regular bloat~
ing.

170

out, fairly strong,
slightly sticks
together, well
bloated.

throughout,
moderately -
strong, sticks
together, well
to overbloated.



Table 6.--Quick-firing tests on samples from Dacca arca. .

Tewmpera- .
Sam=-| ture Firing time
ple Fahren- |
no. heit
15 minutes 20 minutes 25 minutes 30 minutes
B,-2 | 1800° F, | DUed, Red, moderate~  Red, moderate-
1 s ) Red throughout,
: ‘:mf‘l’, . Ly strong, 1y strong, noderately
red cortre light red : light strong, {ine
’ centre, very red centre, bloating.
g very fine fine to fine fine bloating.
; bloating. bloating.
i
1900° F. Red, fairly Dark red, Dark red, fairly Dark red,
strong, dark fairly strong, strong, dark . fairly strong,
gray centre, dark gray centre, gray centre, dark gray centre,
well bloated. well bloated. well bloated. well bloated.
2000° F. Dark red, Dark red, Dark red, Dark red, fairly
fairly strong, fairly strong, fairly strong, strong, dark
dark gray cen~ dark gray dark gray ’ gray centre,
tre, well centrs, well centre, well slightly eticks
bloated. bloated. bloated. together, well
bloated.
2100° F. Red, fairly Red, fairly Brown, weak * Brown, weak,
strong, _ strong, dark dark gray centre, whitish gray
gray centre, gray centre, sticks together, centre, sticks
well bloated. well bloated. over bloated. together, over
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bloated.



Table 6.--Quick-firing tests on samples from Dacca area.

i Tcmpera-
Sca-i o ture Firing time
ple Fahren-
no. heit ‘
15 minutes 20 minutes . 25 minutes 30 minutes
B;-3 1900° F. | Red through, Red through, Red throughout, Red throughout,
moderately moderately moderately moderately
strong, not strong, not strong, same strong, some
bloated. bloated. finely bloated. finely bloated.
2000° F. | Dark red, Dark red, * Chocolate, fairly Chocolate,
: fairly strong, fairly strong, strong, light moderately strong,
; light gray light gray gray centre, well light gray centre,
i centre, finely centre, finely bloated. slightly sticks
i bloated. bloated, together, well to
i . over bloated.
1
|
| 2100° F.| Red, fairly Red, fairly Brown, fairly Brown, .
| strong, light  strong, light strong, light moderately strong,
; gray centye, gray centre, gray centre, light gray .
finely bloated. well bloatedv slightly sticks centre, sticks
together, well togesther, well to
bloated. over bloated.
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Table 0.--Quick-firing tests on samples from Dacca arca.

Tewpera-
Sam-| tuve Firing time
ple Fahren-
no. heit
15 minutes 20 minutes 25 minutes H 30 minutes
B,-3 1800° F.| Reddish brown, Reddish brown, Reddish brown, Reddish brown,
medium hard, medium hard, medium hard, medium hard,
no bloat. no bloat. gome gray cen- no bloat.
tre, trace
fine bloat.,
1900° F.| Reddish brown, Reddish brown, . Brown, medium No recovery.
medium strong, medium strong, strong, gray
some gray cen- gray centre, centre, fine
tre, no bloat. fine bloat. bloat.
2000° F.| Reddish brown, Brown, medium Dark brown, Dark brown,
medium strong, satrong, gray medium strong, medium strong,
some gray centre,centre, fine gray centre, light gray centre,
no bloat. bloat. medium bloat. medium bloat.
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Tabie 6.~-Quick-firing tests on samples from Dacca arca.

i Tempera-
Sam-! ture Firing time
ple ; TFohren-
no. | heit
X 15 minutes 20 minutes 25 minutes 30 minutes
|
By-1 1800° F.| Red outsidse, Red outside, Red outside, Red outside,
dark red in- dark red in- dark red in- dark red inside,
side, moderate~ side, moderate- side, moderate- moderately strong,
ly strong, very 1ly strong, very ly strong, very very fine uneven
fine bloating. fine uneven fine uneven bloating.
. bloating. bloating.
1900° F.| Red outside, Red outside, Red outside, No sample run.
dark red inside, dark red inside, dark red in-
fairly strong, fairly strong, side, fairly
very fine bloat-~ very fine bloat- strong, very
ing. ing. fine bloating.
! 2000° F.| Red outside, Light trown Brown Brown
i dark red inside, throughout, throughout, throughout, very
moderately strong, fairly strong, very strong, strong, very
no bloating. a little bloat- very fine bloat- fine bloating.
ing. ing.
2100° F.{ Dark brown, Dark brown Brown through- Dark brown

outside, light
gray inside,
fairly strong,
well bloated.

throughout,
fairly strong,
vitreous edge,
a little bloat=
ing.
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out, fairly strong,
no bloating.

outside, light
gray inside,
very strong,
well bloated.



Table 6.--Quick-firing tests on samples from Dacca area.
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Tempera-
Sam- f ture Firing time
ple | Fahren-
no. ; heit
i 15 minutes 20 minutes 25 minutes 30 minutes
3-2 E 1800° F. Red through- Red outside, Red outside, Red outside,
i : out, moderately dark red in- dark red in- light red inside,
‘ ! strong, no side, moderate- slde, moderate- fairly strong,
H bloating. 1y strong, no 1y strong, no no bloating.
i bloating. bloating.
!
i 1900° F. Red outside, Dark red through- Dark red through~ Dark red through-
! dark red in- out, fairly strong, out, fairly out, fairly
: side, moderate- no bloating. strong, no bloat- strong, no
| 1y strong, no ing. bloating.
! bloating.
2000° F. Red outside, Dark red through- Dark red through- Light brown
dark red in- out, fairly out, very hard, outside, dark
side, moderate- strong, no bloate no bloating, gray inside,
1y strong, no . . very hard, a
bloating. little irregular
bloating.
2100° F. park brown Dark brown Dark brown Dark brown
' outside, light outside, gray spots outside, . throughout,
; gray inside, inside, fairly strong, gray spbts fairly strong,
j fairly strong, a little bloating.. inside, fair- a little bloate
well bloated. 1y strong, a ing.
little bloat-
ing.



Table 6.--Quick-firing tests on samples from Dacca area.

Tempera-~
am- ture Firing time
ple Fahren-
no. | heit
15 minutes 20 minutes 25 minutes 30 minutes
Bg-3 1800° .| Red outside, Red outside, Red outside, Red autside, 1ipht
dark red dark red _ ted inside, red inside,
inside, modera- 1inside, moderataly fairly strong,
tely strong, moderately strong, no no bloating.
no bloating. strong, no bloating.
bloating.
)
1900° F.- Red outside, Red ocutsids, Red outside, Red outside,
light red inside, light red inside, light red inside, light red inside,
fairly strong, fairly strong, fairly strong, fairly strong,
no bloating. no bloating. no bloating. no bloating.
2000° F.! Red outside, Dark red to Brown through- Brown _through-
dark red inside, lightbrown out, very hard, out, very hard,
fairly strong, throughout, no bloating. a little bloat~
no bloating. very hard, no ing.
bloating.
2100° F.| Brownish red, Dark red through- Brown through- Dark brown
fairly strong, out, fairly strong,out, fairly strong, throughout,
black centre, no bloating. no bloating. fairly strong,
no bloating. no bloating
2200° F. Dark red through- Brown through- _  Brown through- Brown
out, very strong, out, very hard, out, very hard, throughout,
no bloating. slightly sticks very fine ir- fairly strong,
together, no regular bloating. fine bloating.
bloating.
2300° F. Dark red through~ Brown Brown through- Brfown outside,
out, very strong, throughout, out, fairly Strong, 1ighe brown
no bloating. very strong, ’ slightly sticks inside,
very fine ir- together, fine fairly’ strong,
i regular locali~-  bloating. sticks together,
i zed bloating. good bloating.
[ .

176



Table §.--Quick-firing tests

on samples from Dacca area.

!
Tcmpcraﬂ
Sau ture ' Iiring time
piv Fahren-
no heit !
) 15 minutes 20 minutes 25 minutes 30 minutes
, i
B,-3 1800° F. Reddish browm, Reddish browm, Reddish brown, Reddish brown,
medium hard, medium hard, medium hard, medimn hard,
no bloat. no bloat. some gray centre, no bloat.
trace fine bloat.
1900° F. Reddish brown,  Reddish brown, Brown, medium No sample run.
i medium hard, medium hard, hard, dark_gray
: no blost. dark gray cenire, centre, fine
fine bloat. bloat.
2000° F. ! Reddish brown,  Dark brown, Dark brown, Dark brown,
: medium hard, medium hard, medium hard, medium hard,
| gray centre, gray centre, gray centre, gray centre,
fine bloat. medium bloat. nedium bloat. medium bloat.
i
i i
3 -3 | 1800° F. Brownish red,  Brownish red, Brownish red, Reddish brown,
5 : ' medium strong, medium strong, medium strong, medium strong,
} ] light gray no bloat. no bloat. some gray cen-
! centre, no tre, no bloat.
f 1900° F. Reddish brown, Brown, medium Dark brown, Dark brown,
! medium strong, strong, gray redium strong, medium strong,
] gray centre, centre, fine gray centre, gray centre,
no bloat. bloat. fine to medium fine to
bloat. medium bloat.
!
2000° F. Dark brown, Reddish brown, Brick red, Dark browm,
medium strong, medium strong, medium strong, medium strong,
light to dark light gray - light gray light gray
gray centre, centre, centre, centre,

medium to large
bloat.

fine to medium
blo‘t .
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fine to medium

‘bloat.

fine to0 medium
bloat.



Table 6.--Quick-firing tests on samples from Dacca_area.

178

bloat

Tempora-
Sam-{ ture Firing time
ple Fahren- !
no. heit
15 minutes 20 minutes 25 minutes 30 minutes
B -3 1800° F. | Red, medium Red, medium Brownish red, No recovery.
strong, gray strong, gray medium strong,
centrs, no centre, no gray centre,
bloat. bloat. no bloat.
1900" F. Reddish brown, Reddish brown,  Brown, medimm Dark brown,
‘medium strong, medium strong, strong, gray medium strong,
gray centre, gray centre, . centre, fine light gray cen-
no bloat. some fine bloat. bloat. tre, medium bloat.
B.-3 1800° F.| Brick red, Brick red, Brick red, Brick red,
7 | weak, weak, trace weak, some weak, trace
{ trace gray gray center, gray centre, groy center,
. center, no trace fine trace fine no bloat.
. bloat. bloat. bloat.
?
1900° F.| Brown, Brown, moderate- Brown, moderas Dark brown,
moderately strong,ly strong, tely strong, moderately
light gray light gray light gray strong, light
centre, fine centre, fine to centre, medium gray centre,
bloat. medium bloat. well bloated.



Tsble 6.--Quick-firing tests on samples from Dacca area.

i
'

Teompera-
am=-| ture Firing time
pie Fahren-
no. hei
15 minutes 20 minutes 25 minutes 30 minutes
¢, -1 | 1800° F. | Light red Red throughout, Red throughout, Red throughout,
1 throughout, moderately mnoderately moderately
moderately strong, not strong, not strong, not
strong, not bloated. bloated. bloated.
bloated.
Brownish red in- Brownish red in- Light brown in-

1900° F

2000° F.

2100° F.

2200° F.

2300° F.

side, light red
outside, moder-
ately strong, not
bloated.

Dark red through-
out, moderately
strong, not
bloated.

Light »

through° era-

: tely strong, not

bloated.

Dark red through-
.not bloated.

Brownish red,
moderately
strong, black
centre, sticks
together, well
to over bloats.

side, light red side, iight red
outside, moder- .outside, moderate-
ately strong, not ly strong, not

bloated. bloated.

Dark red through~- Dark brownish red

Dark red through-
out, moderately
strong, not bloated.

Dark brownish red .

out, fairly strong, throughout, fairly throughout,

not bloated.

Dark red through- Light brown .
out, fairly throughout, denae,
strong, not very strong, not
bloated. bloated.

Q‘
Brown through- Light brown

out, fairly sirong,out, fairly strong, throughout,

dense, vitreous fairly strong,
edge, not bloated. very finely
bloated.

Reddish brown,

black centre, not strong, com~
sticks together, pletely

well to over fused together,
bloated.

over bloated.
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Shining black out-
moderately strong, side, black inside,

strong, not bloated. fairly strong,

not bloated.

Brown through-
out, dense,
vitreous edge,
very strong,
not bloated.

Brown through- _
out, very strong,
finely bloated.

Lustrous black
outside, black
inside, not
strong, complete-
ly fused together
over bloated.



Table 6.--Quick-firing tests on samples from Dacca area.

Tempera-
Sam-| turc Firing time
ple Fahren-
no. heit
15 minutes 20 minutes 25 minutes 30 minutes
| -

c;-2 ‘ 1800° F.| Light cream WPkt erean _Light cream Cream throughout,
: inside, cream inside, cream inside, cream moderately strong,
| outside, mode- outside, outside, not bloated.

i rately strong, moderately strong, moderately strong,
X not bloated. not bloated. not bloated, -
1900° F.| Cream throughout, Dark cream . Light red inside, Light red inside,
moderately hard, throughout , reddish cream reddish cream
not bloated, moderately strong, cutside, mode- ocutside, mode-
not bloated, rately strong, rately strong,
not bloated, not bloated.
2000° F.| Cream red Red throughout, Red throughout, Red throughout,
throughout, fairly strong, fairly strong, faiply strong,
moderately hard, not bloated, not bloated, not bloated,
not bloated.
2100° F.| Gray to red inside, Gray inside, Gray inside, Light gray inside,

light red outside,
moderately strong,
a little bloated,

red outsids,
fairly strong,
finely bloated,
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dark red outside,
fairly strong,
finely biceted:

dark red outside,
fairly strong,
slightly sticks
together, well
bloated,



Table 6.--Quick-firing tests on samples from Dacca area.

Tempera-

Sam-| ture Firing time

ple Faarca=

no. , heit

{ : 15 minutes 20 minutes 25 minutes 30 minutes

| :
c,-1 1800° F.| Dark red in- Dark red in- Dark red in- Dark red in-

2 ' side, light side, red sut- side, red out- side, red out-
red outside, side, moderately side,moderately side, moderate-
moderately strong, no strong, no ly strong, no
strong, no bleating, bloating, - bloating,
bloating.

1900° F.!| Dark red in- Dark red in- Gray spots in- Gray spots in-
side, red out- gide, red out- side, red out- aide, dark red
side, moderate- side, moderate- side, moderate~ outside, moder-

: 1y strong, no ly strong, mo ly strong, no ately strong,

{ bloating. bloating, bloating, no bloating,.

i 2000° F.| Black to dark Gray inside, Gray inside, Light gray

] gray inside, dark brownish dark brownish inside, -brownish
dark brownish red outside, red outside, red outside,
red outside, moderately fairly strong, fairly strong,

i moderately atrong, fine well bloated, well bloated,
strong, very bloating,
fine bloating.
(.
2100° F.! Dark gray in- Gray inside, Gray inside, Light

, side, brownish dark brownish dark brownish gray inside,

! red outside, red outside, red outside, dark brownish
moderately fairly strong, fairly strong, red outside,
strong, fine fine bloating, ‘well bloated, fairly strong,

' bleating. well bloated.
2200° F.| Gray inside, Light gray in- ' Gray inside, Light gray in-
dark red out- side, brown brown outside, side, brown
'ide, fmly outside, very outside .
strong, some very strong, strong, well not strong,
finely bloated. well bloated, to over © slightly
bloated, sticks to-
gether, over
bloated.
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Table 6. -~Quick-firing tests on samples from Daceca area.

Tewpera-

Cy-2

Sam-i ture Firing time
ple | Fahren-
no. ! heit
; 15 minutes 20 minutes 25 minutes 30 minutes
i i :
E !
f o
i 1800° F. :Dark cream in- Dark cream in- Dark cream ine Dark cream in-

yside, light
|ercam outside,
iweak, no
"vloating.

1900° F.!Cream color

‘throughout,

l moderately
strong, no

bloating,

2000° F.|Gray inside,

dark red out-
side, fairly
strong, well
bloated.

'2100° 7.|Black insids,

red outside,
fairly strong,
fine bloating,

-

side, cream out=-
side, weak, no
bloating.

Dark cream in-
side, cream out-
side, moderately
strong, no
bloating.

Gray inside,
dark red out-.
side, fairly
strong, well
blO&t’Qda R

[

Black inside,
brown out-
side, fairly
strong, sticks
together,
bloated.
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side, cream out-
side, moderately

strong, no
bloating. -

" Gray inside,
‘1ight red

outside, moder-
ately strong,

* very fine

bloating.

Gray inside,
brownish red
outside,
fairly
strong
blcatedc

" Black insgide,

‘brown out-

side, fairly
strong, sticks
together,
blo‘tedo

side, light
cream outside,
moderately
strong, no
blo‘tingo

" Dark gray inside,
" red outside,

moderately strong,
very fine
bloatingo

Gray inside
brownish red
outside, fairly
strong, fine
bloating,

Black inside,_
‘brown out-

side, fairly -
strong, sticks
together,
tloated.



Table 6.--Quick-firing tests on samples from Dacca area.

Tempera-
Sam-| ture Firing time
ple Fahren- |
no. heit
15 minutes 20 minutes 25 minutes 30 minutes
C3-1 | 1800° F. Light red, me~ Light s, Light see, Light red,
derately strong, moderetely moderately moderately
very fine streng, very strong, very strong, a
- bloating. fine bleating. fine bloating, little bloating.
1900° F. Cream, Light red Dark red, Dark red,
moderately moder- fairly strong, fairly strong,
strong, a ately strong, dark gray dark gray
little bloating., very fine center, very center, very
bloating, fine bloating. fine bloating.
2000° F. No recovery. Dark red, Dark gray, . Dark red,
fairly streng, fairly strong, fairly strong,
gray center, gray center gray sentee,
very fine a little a little
bloating, bloating. bloating.
2100° P.: Light red, Dark red, Light red, ‘ Light red, .
fairly strong, fairly strong, fairly strong, fairly streng,
gray center, gray senter, . red center, red center,
very fine very fine no bleating. no bloating.
bloating, bloating.
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Table 6.--Quick-firing tests on samples from Dacca area.

Tempera-
Sam=-| ture Firing time
ple Fahren-
no. heit
15 minutes 20 minutes 25 minutes 30 minutes
Ca-2 1800° F. Cresm, moder- Cream, moder— Cream moder- Cresm, meder-
3 : ately strong, ately streng, ately streng, ately strong,
! no bleating. ' ne bleating. no bloating. no bloating.
i; |
1900° F. Cream, fairly Cream, fairly Dark red, No recovery.
strong, light strong, light fairly strong,
gray center, gray center, gray center,
very fine very fine very fine
- A
2100° F. Dark red, Red, fairly Red outside, Light red,
fairly strong, strong, fairly strong, fairly strong,
light gr;iﬂ black center, grayish black biackish gray
center,/#THE° dense, edge center, dense, center, denss,
! bloating at finely bloated. no bloating. no bloating.
edge,

184



Tempcra;

miag

Eime

Sam= ture
ple Fahrean-
no. heit . o N ‘
15 minutes 20 minutes 25 minutes. 30 minutes ‘.
C.-3 {1800° F. |Light red,. ] Light'red, " TiLight!red-' | Light'red,
3 | Moderately strong, Moderately strong, Moderately strong, Moderately atrong,
Light gray centre, Light gray centre, R
Very fine bloating. " Very Line blontua. No bloating . No bloating.
1900° F. | Light red, Light red, " Light red, Light red,
., | Fairly strong, Fairly strong, - Fairly strong, Fairly strong,
Gray centre,very Gray centre,very - Cray centre,very Gray centre, very
fine bloating. fide bloating. - fire bloating. .= fine bloating.
. S ) :
2000° F. | Light red, Light red, Dark red, Dark red,
Fairly strong, Fairly strong, PFairly strong, Fairly strong, dark
Gray centre, very . Gray cenire, very Cray centre, very (ray centre, very .
fine bloating. fine bloating. f:!.ne bloating. fme bloating.
E - - ~‘ l ) RN
O . o e e sl
2100° F. | Light red, |Dark brown, “Dark brown, falr- Brown; Falrly -
Fairly strong, Fairly strong, ' 1y atrong, gray - “m;’ my’ i
Light gray centre, Light gray centrs, ;centre, good centre, good . -|
Fine bloating. Good ' blo;ting. f hloating; "bloating. : !
roating. ! : :
o —_— e > - e e —-—-‘
2200° P, | Brown, ? Brown, e Brown, > . Browm, o
Strong, Very strong, " Very' strong, Very strong, )
No bloating. No bloating. Rlackish gray - . Whitish gray centre
i : centre, a utth Good bloating,
bloat:lng
2300° P. | Dark brown, - Light bmm, L o Light brown,
Fairly strong, " Pairly strong, , Fm strong, Fairly strong, -
gray centre, fine

No bloating..

No bloating.
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to well bloated,

Well bloated.

N



Table 6.-~guick-firing tests on samics from Dacecg area. . .

Tempera- 4
Sam=] ture Firing time-
ple Fahren=- :
no. heit ,
' 15 minutes 20 minutes 25 minutes .30 minutes
c, -3 13000, F. | Light brown ! - iLight: brown Brick red, Brick red,
4 colour, weak, ' 'colour, weak, Woak, dark Weak, dark
dark gray ‘ "idark gray gray centre, gray centre,
sentre, some | |centre, trace - Trace very Trace very
very fine bloat,, ivery fine float. fine bloat. fine bloat,
1900° F. | Light brown, Light brown, * Light brown, Light brown,
WVeak, dark Weak, dark * Weak, dark Weak, dark
gray centre, gray centre, gray centre, gray centre,
same fine bloat, fine to medium slightly sticks alightly sticks,
-bloats. together, fine to together, fine to
: medium bloat. medium bloat.
."if
c.-3 | 1800° F.||Brick red, Brick red, Brick red, Brick red,
6 Weak, trace Weak, no Weak, no Veak no
dark gray centre, bloat. Bloat. bloat.
No bloato
.1900° F.||Brown, moderately Brown, moderately Brown, moderajely Brown, moderately
strong, trace gray strong, some fine strong, trace gray strong, some gray
centre, no bloat.’ gray spots at cenm centre, no bloat . centres, some very
tre, no bloat, fine bloat,
c,-3| 1800° F.| Light red, Brownish red, Reddish brown, Reddish brown,

1900° F.

moderately strong,
gray ceantre, no
bloat, :

Dark brown,
Weak, gray A\
centre, medium
bloat., T

modérately strong,
gray centre, very
fine bloat.

Dark brown,

Weak, gray
centre, medium

" bloat.
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moderately strong,
gray centre, fine
bloat. ‘

Dark brown,
Weak, gray
sentre, medium
bloat,

moderately strong, ’
gray centre, fine
bloat,

Dark brown,

Veak, gray .
centre, sticking
in crucible, over
bloa.t.



Table 6.--Quick-Eiring tcsgé on_somp les Lrom Dacca arpa. -

-

strong, Light
gray centre, fine
bloate.

gtrong, Light

gray centre,fing
sbloat,
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strong, Light
gray centre, fino
blaat. .

i

} Towmpera-

Sam=| ture Firing time

ple Fahren- -

no. heit :

15 minutes 20 minutes 25 minutes 30 minutes
¢.-3 | 1800° F. |Browmish red, Brownish red, Brownish red, Brownish red,

8 . Weak, some - moderately strong, moderately strong, Moderately strong,
trace gray, ) gray centre, very Trace gray ceatre, Gray centre, very
centre, no bloate ~ fine bloat, Trace very fine. fine to fine bloat

’ bloat. , .
1900°' F. {Dark brown, Dark brown, Dark brown, . Dark brown,
medium_strong, Medium gtrong, *+ Medium strong, ' weak, light
1ight_gray, | light gray, _|. -(light gra 8ray, |- gray, begins %o
Medium bloat. Medium to we_ll © Well to over stick, well to
: ~ _bloate _ bloats, over bloat.
‘09-3 1800° F. |Brownish red, Brownish red, Brownish red, Brownish red,
: Wealk, Some Weak, some Moderately strong, moderately strong,;-
. gray centre, no " gray centre, no gray centre, very gray centre, very |
bloat. bloat. ﬁne bloat. - fine bloat,
1900° F.| Brown, medium Brown, medium Dark brown, Dark brown,
strong, in‘ld'Sh ./J-Strong’ liﬁht .-_jwe&ko Hght _ _ .. .Wea.k, gray
gray centre, medium gray centre,medium gray centre, centre, well -
bloat., . bloat, well blqg.t. . bloat.

C1o3| 1800° F.|Brick red, . Brick red, Brick red, . Brick red,
Moderately strong, Moderately strong, loderately strong » Moderately strong,;
Light gray centre, Light gray centre, Light gray centre, Light gray centre, !
No bloat. ' - No blogte No bloat, No bloat.

- 1900° F.| Brown, Moderately Brown, moderately Brown, moderately Brmm, moderately

strong, Light -
gray centre, fine

. bloate.



Table 6.--Quick-firing tests on samples from Dacca arca.

Temperas-
Sam-| ture Firing time
ple Fahren-
no. heit .
15 minutes 20 minutes 25 minutes - 30 mlngtes
]
Cyp-3 1800° F.|Light red, Light red, Light brownish Light brownish
Moderately strong, Moderately strong, red, moderately red, moderately
No bloat. o bloat. strong, No bloat. strong, No bloat.
1900° F.| Brown, strong, Brown, strong, Brown, strong, 3rown, strong,
: Some light black Trace light Trace black No bloat.
centre, No bloat. black centre, centre, No
No bloat, bloat.
C13-3 | 1800° F.| Light red, Light brownish Brownish red, Brownish red,
Moderately strong, red, moderately Moderately Moderately strong,
Trace gray centre, strong, strong,
No bloat. No bloat. No bloat. _ No bloat.
1900° F.{ Light brown, Light brown, Brown, strong,’ Dark brown,
Strong, black Strong, Some Trace Black Strong, black
centre, No light black, centre, centre,
bloat. centre, No
: bloat. No bleoat. No bloat.
5 ;
c. -3+ 1800° F.Light red, Light red, Brownish red, Brownish red,-
14 Strong, Trace Strong, No Strong, No Strong, Mo
light gray bloat. bloat. bloat.
centre, No
bloat.
1900° F.| Brown, 3rown, ' Brown, Brown

Moderately strong,Moderately strong,

Some light black No bloat.
centre, No bloat.
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Moderately strong,
Trace black centre,

No bloat.

moderately stroﬁg,
Trace black centre,
No bloat.



Table 6o -

Moderately strong,
Licht gray centre,
Medium bloat.

Moderately strong,

Light gray centre,
Medium bloat.
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Moderately strong,
Light gray centre,
Medium bloat.

Tempera-
Sam={ ture Firing time
ple Fahren-
,no. heit
15 minutes 20 minutes 25 minutes 30 minutes .
\. . .
c._-3| 1800° F. | Light brown, Light brown, Light brom,  Browm, |
15 Moderately strong, Moderately strong, Moderately atrong, Moderately atrong
No bloat, No bloat. No bloat. _— No bloat, -
'1900° p.|Light brown, Light brown, Brown, - Dark brown,
: Moderately strong, Moderately strong, Moderately strong, lModerately strong,
N No bloat. No bloa.t. No bloat. No bloat.
G -1 1800° F.| Light red, " Light red, - Light red,  Light red, -
1 Weak, No Weak, No Weak, No Weak, No
bloat. bldat. _bloat. bloat.
1900° F.: Light red, Boown, Brown, Dark brown, = -
ol Moderately strong, Moderately strong, Hoderately strong, Moderately strong,
Gray centre, fine Gray centre, medium Gray centre, medium Gray centre, well
bloat, bloat, bleat, bloat.
N
C17-3 1800° F.|Light brown, 1ight brown, Light brown, Light brown,
. Weak, dark © » -Weak, Trace Moderately sirong, lModerately strong,
gray centre, dark gray centre, Oray centre, Very Some gray centre,
No bloat. No bloat, fine to fine bloat. Yome very fine
. : to fine bloat.
1900° F.| Light brown, 1ight brown, Dark brown, Dark brown,

Moderately strong,
Iight gray centre,
Medium to over .
bloat.



TabchG.

==Quick-firing tests on samples from Dacca area.'

Tewmpera-|

Sam=| ture Firing time
ple Falhrens- ! .
no. heit
15 minutes ~ 20 minutes 25 minutes 30 minutes
Cjg.3| 1800° F.|Light red, Light red, Red, : Brown,

; Weak, gray - Weak, gray Moderately strong, Moderately strong,;
centre, No - centre, No Gray centre, very Gray centre, fine
bloat. - bloats fine bloat, - bloat.

19006 F. I..ig'ht red, Brownish red, Brown, Dark brown,
teak, gray Moderately atrong, Moderately atrong, Yoderately strong,
centre, very gray centre, - Gray centre, Gray centre, well
fine bloat. medium bloat. © medium bloat. bloat.
C. -3 ' 1800° F. Light brown, Ligﬁt brown, Light brown, Brown,
19 7 Hoderately strong, Moderately strong, Moderately strong, Moderately strong,
: No bloat. No bloat. No bloat. No bloat.
1900° rlLight brown, Light brown, ~ Brown, Dark brown,
Moderately strong, Moderately strong, Moderately strong, Moderately strong,
No bloat, No bloat. No bloate. No bloat.
'z 4
? ' , ,\' {
Cyo-3 1800° ‘F.| Light cream ved, Light red, Light red, Light red, .
moderately strong, moderately strong, modente).y strong, moderatel y
no bloat, no ‘bloat. no bloat. strong, no
: . bloat.
'1900° F. Red, moderately  Red,’toderately  Brick red, Brick red,
. strong, no bloat, strong, no bloat. moderately strong, moderately
' 4 St no bloat, strong, no
bloat.
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Table 6.--Quick-firing tests on samples from Dacca area.

Tempera-
Sam-| ture Firing time
ple Fahren-
0. heit
* 15 minutes 20 minutes 25 minutes 30 minutes
Cyy-3 1800° F. Light red, "Light red, Light red, Brown,
Weak, gray Weak, gray Moderately Moderately
centre, no centre, very strong, gray strong,gray
bloat. fine bloat. centre, fine centre, fine
’ bloat. "bloat.
1900° F. light red, Reddish brown, Brown, Dark brown,
Wealk, Light Moderately Moderately Moderately
gray centre, strong, light strong, light strong, light
fine bloat. gray centre, gray centre, gray centre,
‘ ‘Medium bloat, Medium bloat. well bloat.
Cy,-3 | 1800° F. Light red, Light red, -Light brown, Brown,
Weak, gray Moderately Moderately Moderately
centre, no strong, gray strong, gray strong, dark
bloat. centre, no centre, very gray centre,
bloat., fine bloat. fine bloat,
1900° F. Brown, Brown, Brown, . Brown, .
Weak, gray Weak, gray Wealk, light Moderately
centre, fine centre, fine gray centre, strong, light
to medium to medium medium bloat. gray centre,
bloat. bloat, . }Ie_ll bloafh. -
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Bloating was achieved in the samples collected at temperatures
ranging from 1800° F. to a maximum of 2300° F., but the-majority of
the samples bloated between 1800° and 2000° F.; this is a favorable
temperature range for a commercial opefation. It was not possible
to test some samples throﬁgh the entirelrange of temperatures desired,
owing to failufe of the e}ectric furnace used.

‘A total of 604 individual muffle furnace tests were made (téble 6).

Crushing tests

Through the cour;esy and cooperation of the Hydraulic Research
Laboratory of WAPDA in Dacca it has been possible to secure a preliminary
estimate of crushing strengths attainable with light-wefght aggregates
produced from Dacca clays. Again, the writers wish to ;hphasize that
the aggregate used or the concrete mix design probably do not represent

the optimum results atﬁainable; however, the performed tests provided an

indication of possible crushing strengths.
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Tableﬁ‘i-- Lmpregsive SCTeRRE) ; R -Ag g C Bte concrete

No. of Compressive Unit weight Water Slump Remarks

days strengths of fresh " cement  (inches)
(psi) concrete ratio
(1bs. /cu.ft.)

3 134k 117.50 o4 1-3/4  The break was
through both
mortar and

: aggregate

7 2688 117.50 0.44 1-3/4 Do.

28 4352 117.50 0.4k 1-3/k Do.
. <. .
Liok 117.50 o.h4 1-3/k4 Do.
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Table 8.-~Compresgive Strength of concrete test cylinders made of

commercially produced light-weight aggregate.

Semple No. Slump ‘ﬂCompressive stfength (psi)
(inches) 7 days aging 28 days aging
1 (4 cylinders) . L (mixture 2087 3643
rather
wet)
2122 3537
2122 3537
2158 3608
2 (2 cylinders) L 2759 3572
| 2653 3502
3 (4 cylinders) 3-1/2 2618 4103
2688 - L157
2546 4103
2582 | 4068
4 (4 cylinders) 4 . 2405 . 3219
2193 ' 3290
2211 3?.;25'
2193 3360
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Ragervea

Reserve estimates are listed below (table 9) for areas A, B,
and C, in cubic yardé and on the basis of 1 cubic yard of raw
material to produce ome cubic yard of expgnded aggregat;; The areal
extent has been scaled from maps and the average.dégth of all tpe
holes augered in a particular area was used to estimate cubic yardage.
Undoubtedly, the reserves in any p;rticular aréa could be expanded
by further augering. All the auger holes ended in clay, and deeper
drilling would undoubtedly increase the established depth of the
clay deposit with consequent increase of reserves.

A commercial plant producing 1000 cubic yards per da; of light-
weight aggregate and operating 330 days per year would require
330,000 cubic yards of raw material per year. A 20-yeax clay reserve
would require 6,600,000 cubic yards of provén reserves. On this basis,
Area A would have a life of 40 years] Area B, 35 jears; an& Area C
approximately 300 yéars. In estimating the.above reserves it should
be kept in mind that they are not necessarily all min#ble reserves;
owing to encroachment oh village sites ;r othef cultural features;
however, there is no doubt that sufficient reserves ?or a commerc;al
piant can be confirmed,as well as éhe reasonable belief that any of
these areas can be extended or new deposits found equal in quality to

those tested.
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Table 9.--Reserves of raw material for selected areas near Dacca.

Area Dimensions (in yards) Volume
Length Width Depth ) (Cubic yards) -
A 2600 1500 5 15,000,000
B 2500 700 7 12,250,000
C 6000 2700 6 97,200,000
Y 3600 500 6 10,800,000
Tota]: | 135,250,000
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Development and recommendations

Areas A, B, an& C were selected for exploration driliing becéuse,
in addition to contain;ng clay amenable to bloating, they are within
a radius of 10 miles from central Dacca.. Presently existing highways,
river fronts, railways, powér and gds lines are all in the near
vicinity of the described deposits. The country side is flat agri-
cultural land, the only relief being local mounds occupied by villages
and houées, and is entirely flooded during the monsoon season.

The maximum depth of presentiy existing clay pits dug'by hand to
supply the country kilns has been reported to be 35 feet, and we have
seen them as deep as 23 feet. During the dry season watif entefing
the pit doeé not appear to be a problem, and can be baile& out with
buckets. During the rainy season the pits are completely flooded and
abandoﬁed and new pits ére dug the next dry season. Clay pits could
be diked to keep out flood waters and reduce pumping to the actual rain
falling into the pit; or mining could be' done under water with equipment
such as a slack-line scraper. The seasonal flooding of Flay pits
requires careful consideration in.any mining plans.

It is the writers' belief from the tests made that the higher
the percentage of gray oréanic clay in the sample, the lower the
- bloating temperature will be, buﬁ such clays tend to produce a weaker
and overbloated product. An increase in the amdunﬁ of yellow or red

clays will produce a stronger aggregate with wider range of bloatiﬁg

temperatures, but will also necessitate higher temperatures.
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The next step in the evaluation of these clays is the establish-
ment of a standard method of rotary-kiln processing. through acces§ to
a pilot kiln. The information secured by‘pilbt-kiln‘testing is'neces-
sary for design and operating procedure for a full size commercial
installation. Pilot kiln testing will determine the following kiln
variables: kiln slope, rate of feed, retention time, kiln speed,
required draft, type of flame (oxidizing, reducing, natural), range
of bloating temperatures, and processing qualities such as agglomera-
tion, adherence to the kiln, decrepitation, etc.

In addition, the proper blending of different clay(horizons to
produce an optimum product can be determined. Sufficient aggregate
can also be produced for all testing purposes required such as weight
per cubic foot, crushing strength, water abéorytion for mix design,
or other desired tests.

Pilot kilns used for such testing ‘are in the general dimensions

of 6 to 14 inches in internal diameter, and 10 to 15 feet in shell

length.
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s - |

Large reserves of clay, claystone, and shale suitab}g for the
production of light-weight aggregate lie to the east and north of -
Chittagong within a radius of 35 miles." Seven afe#é a?é known to
contain sizeable reserves, and it is reasonable to expect ﬁniformity
of the horizon over sufficiently large areas an& depths to assure
adequate additionmal reservés. Before a decision as to the most
suitable raw material and plant location can be determined, édditional
drilling and sampling are necessary. Concurrent with this e%piorafion,
testing of large samples in a pilot kiln would be necessary.

Large reserves of clays in the immediate vicigity of Dacca are
also amenable to bloating for the production of 1ight-wélght aggregate.
In the three areas testéd, however, auger holes were'widely spaced,
and no attempt wés made to locate a specific site for a cémmercial
operation. Before building a commercial light-weight aggregate plgnt,
some'additional drilling and sampling ép cléser intervals
wo;id be necessar&. Following this drilling, it would be necessary to

test large samples in a pilot kiln,
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Production of light-weight aggregates from clay and shale appears
to be an answer for tﬁe shortage of natural aggregates in areas such
as East Pakistan. Synthetic aggregates can be produced at prices comparable
to or less than those\for "Jhama" (broken érick)-now commonly used in
East Pakistan; at the same time the synthetic aggregates produce a
stronger, more uniform, and superior product. The future of aggregate
élants in East Pakistan seems assured because 1) they will not be faced
with competition from natural aggregates; 2) they produce a quality
product; and 3) the projected economic growth of the area should result

in continually increasing demands for aggregate materials.
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