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Plate 1 Frontispiece 

Cc. Kreischer photo. 

Terra cotta vase, made at factory of B. Kreischer’s Sons, Kreischerville S. I. 

Hight of vase, 5 feet. 
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The manner in which the New York state museum bulletin no. 

12, entitled Clay industries of New York, was received by 

the public, indicated that the subject was of interest to a large 

number of persons and it therefore seemed important, as soon as 

the means were available, to thoroughly revise this bulletin and 

bring it up to date so as to cover the great progress made in this 

manufacturing industry. Dr Heinrich Ries has accordingly devoted 

himself to this work of revision and after much careful labor has 

produced the work now submitted to the public. The chapter on 

the physical properties of clay should be of particular value, since 

Dr Ries has made a special visit to Berlin for the purpose of in- 

vestigating this subject in relation to the clays of Europe. 

Freperick J. H. Mrerriri 

New York state museum Director. 

Albany N.Y. 

1899 
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OLALY & OBSNE,W ,.Y OF 
THEIR PROPERTIES AND USES 

PREFACE 

The following report is an enlargement of one prepared by the 

writer in 1895, which was published as Bulletin no. 12 of the New 

York state museum, and is made necessary by the increased de- 

velopment of the New York clay-working industries, as well as by 

an increased knowledge of the properties and technology of the 

different varieties of clay. 

While portions of the original report have been allowed to stand 

as first published, the greater part has been rewritten and many addi- 

tional data have been incorporated. 

New York is not the leading state in manufacture of clay 

products, but its output is by no means small, as can be seen from 

the following figures issued by the U. S. geological survey for the 

year 1898. i 
Value of output 

(LIES 2 SR On ss Pl es ee Ba ($4 881 257 

Ree Ee Sb So. sc ae Sain eee oe Se 260 135 

pee ee et CI ids dara ee cee © 302 680 

Peeemrricaloprrck |. Pe YP. Rs ews re ac 8 665 

oe Dh oe ee ee a, rae 386 624 

Seatac os aeereme micas sh. A AY a 74 072 

Sewer PRE 5 a oe ES A nals 89 224 

RUMOR sw 2s Lie what te SR hcco eo is oe 367 854 

epreerareneraimae¢) 12) 2! 17, 2G ese Lat. 87 152 

fre (ft cor drains). 36 eau. eho 83 910 

Ret WG G01 5 2 RR BORO ier. 44 556 
Miscellaneous............. None oaale Be ylcir: 262 860 

$6 448 989 



494. NEW YORK STATE MUSEUM 

In order to show the development of the industry in this state 

during the four years previous to 1898 the following table is given 

from the 19th annual report of the U. S. geological survey, 

pt 6; -p.. 367. 
Clay products of New York 1894-97 

1894 1895 1896 1897 

Brick 
Common 

ROMATABIDY <3 sk a%ia 821 286 000] 955 442 000} 931 565 000) 828 868 000 
Walue: 2.32. Ear as $3 945 022} $4 396 027| $4 141 973} $3 657 750 
Average per M... , $4.80 $4.60 $4.45 $4.41 

Pressed 
Qua mtity sie pes ard ois GBs osc iepst ‘18 437 000} 18 409 000} 18 046 000 
RUN en es tee Se cranial sag eek $290 910 $298 515 $263 166 
Average per M...|.. ih CRE $15.78 $16.22 . $14.88 

Vitrified 
Quantity: . 02... es 9 304 000, 10 896 000} 238 723 000) 28 145 000 
VE ee ocante ues $136 697 $121 892 $259 550 $309 564 
Average per M... $14.69 $11.19 $10.94 ‘ $t1 

Fancy brick, value....| . $82 500 $1 025 $17 854 $2 6&0 
Fire brick enn ee $298 578 $302 407 $345 485 $339 '740 

Drain tile Aton $62 955 $56 740 $292 954 $25 585 
Sewer pipe ie tet. $10 000 $133 000 $85 289 $116 OCO 
Ornamental terra cotta, 

5S a a rt $508 000 $336 000 $484 113 $420 601 
Fireproofing, value........ S828), cicp Rhee she $72 410 $56 410 
Tile (not drain) ye hay ae $64 704 $143 465 $99 060 $150 3860 
Pottery 

Earthenware and stone- 
Ware walne. 2k Siete S08 $44 033 $100 733 $179 265 

C. C. and white granite 
ATG. WRG! brs | neces ve ve la Cee $16 000}: ee <peae 

Sanomary ware, value 2). 1.22.65 ~.. 2) eae eens $21 000 $1 000 
Porcelain or china, 

bo) YR eM AA ARIS | SI NORA DORI Dg 2 fet 2 $120 000 $3 000 
Porcelain electrical 

supplies, value....| ....... BOP lerevepye kh ne $55 000). «<a 
Miscellaneous..........,.. $84 738 $63 997 “$5 270 $90 588 

Total value....... $5 164 022) $5 889 496! $6 414 206] $5 615 504 
SSS SSS Ss eee 

Number of firms report- 
1 al ceo ea ae 802 280 262 281 

Rank‘of state)... seo... 4 4 3 + 

ee 

It is highly gratifying to see the manner in which the shale de- 

- posits, specially those in the southern part of the state, are being 

developed, and yet it is not a matter for surprise, since they form an 

inexhaustible supply of plastic material which in most cases burns 

to a good red color at a very moderate temperature. The outerops 

are so abundant that the prospective manufacturer can, by a little 

_aCommon and pressed brick not separately classified in 1894. 
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search, find the material most suited to his needs. In several plants 

already established the plastic clays have been given up for shale, 

this being true not only of works where ornamental wares are made, 

but also of those manufacturing common brick. 

Next to the shale deposits it is probable that the clay beds of 

Long Island have the most promising future. It is true that they 

are at times pockety and the overburden is often considerable, but 

nevertheless there is an abundance of material of good quality. 

Another noteworthy feature of the industry is the adoption of 

more modern methods of molding and burning. Dry press and stiff 

mud machines are frequently met with where they were not seen 

six years ago. There is also progress in the use of the most approved 

kilns, and those of the continuous type are gaining specially in 

favor. Six years ago there was not one in use in the state. 

Many of the analyses given in the report are new, and a number 

of physical tests have been made, particularly on the shales, in order 

that they may be compared intelligently with some used in the 

manufacture of standard products at other localities. 

Thanks are due to the many manufacturers who have kindly 

given aid and information in the preparation of this bulletin, and 

through their liberality it has been possible to give many of the 

illustrations which accompany the text. 

Heryricu Riss 
Ithaca N. Y., 10 June 1899 
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ORIGIN AND NATURE OF CLAY 

The term “clay” is difficult to define, being often used in a 

rather loose manner. Recent investigations on the part of the 

writer and others lead to the conclusion that the term “clay” | 

indicates a substance of peculiar physical characters, but hav- 

ing absolutely no constancy of either chemical or mineralogic 

composition. Two substances may appear to be entirely unlike from 

a chemical standpoint, and yet their physical characters may be 

such that both would be classed under the head of clay. 

Probably the best mineralogic definition of clay is that given by 

Dr G. P. Merrill in his book, Rocks, rock-weathering and soils, in 

which he defines it “as an indefinite mixture of more or less hy- 

drated aluminous silicates, free silica, iron oxid, carbonates of lime, 

and various silicate minerals which, in a more or less decomposed 

and fragmental condition, have survived the destructive agencies to 

which they have been subjected ”. 

The only feature characteristic of all clays is that they are 

plastic when wet and when burned harden to a rock-like mass. 

This degree of plasticity has little probably to do with the chemical 

or mineralogic composition, for clays of either high or low 

plasticity may vary widely in their make-up. It seems to depend, 

and this point will be discussed in more detail later, wholly on 

texture and structure, that is on the shape and size of the particles. 

As Dr Merrill points out, pure quartz, chalcedony, flint, feldspar or 

other silicates, will when reduced to an impalpable powder possess 

a pastiness and even an odor similar to that of clay. Most of 

these simple mineral mixtures of extreme fineness do not seem to- 

hold together like clay mixed by nature, probably because they 

lack the plastic particles which true clay contains. Clay may 

show all degrees of plasticity, and by the increase of one or another 

of its component minerals may pass into other rock types, as into 

limestone on the one hand by the increase of carbonate of lime, or 

into sandstone by the addition of sand. 
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To define clay from the physical standpoint, we may say 

that it is a fine grained mixture of mineral fragments of variable 

composition, possessing when wet plasticity which permits it to be 

molded into any desired form and retaining that form when dry. 

That furthermore, when heated above a certain temperature it loses 

its chemically combined water and becomes converted into a rock- 

like mass, which if reground and mixed with water no longer shows 

plasticity. ° 

All clays found in nature contain, so far as known, a variable 

amount of kaolinite, the hydrated silicate of alumina, which is 

commonly spoken of as the clay base or clay substanee.. (It should 

be stated that it is sometimes the custom, specially abroad in the 

case of many impure clays to call the finest particles of the clay 

irrespective of their composition the “ clay-substance.”’) 

A mass of kaolinite would be termed kaolin. These two 

terms are often used interchangeably, though the former is simply 

the mineralogic name while the latter is a rock term. Puré 

kaolin has not thus far been found in nature, though some very 

nearly pure is known. Properly speaking the term kaolm should 

be restricted to white burning residual clays, a usage which is 

widespread but has not become universal. ‘‘ The name kaolin is a 

corruption of the Chinese Kauling, which means high ridge, and is 

the name of a hill near Jauchau Fu, where the mineral is obtained.”’ 

(Dana, System of min., p. 687) 

Kaolinite is a secondary mineral formed by the decomposition 

of feldspar. This is commonly caused by percolating waters aided 

_by disintegrating causes, the result being that the alkalies and alka- 

line earths of the feldspar are carried off in solution, while the 

alumina and silica, left behind, unite with water to form hydrated 

silicate of alumina. The feldspars are essentially anhydrous sili- 

cates of alumina, containing in addition varying amounts of lime, 

potash or soda, and depending partly on their chemical composition 

and partly on their physical characters. Nine varieties are usually 

recognized, which fall into two groups known as the orthoclase 

and plagioclase groups. 
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The orthoclase or potash feldspar has a composition of silica 

64.7, alumina 18.4, potash 16.9, while in the plagioclase group the 

composition of the different members is given as follows.* 

Silica Alumina Potash . Soda Lime 

PAUCTh Se Site PEDEEe Org Fite ayaa pee es 68 20 me 12 be ie 

Ohenelases'. watey car apie 62 24 Jey 9 5 

abradorite) i067 BI 53 30 iG 4 13 

VETS ah sh) Seager ee OaReD) ME DD 43 OT eS Nie 20 

In treating the decomposition or kaolinization of feldspar, most 

writers are apt to give the impression that it is the orthoclase which 

furnishes kaolinite by its decomposition, whereas~both groups may 

produce it, and indeed the plagioclase varieties decompose much 

more readily than the orthoclase. This fact was noted by Leim- 

berg. (Z. d. d. G. G. 35, 1883) The same fact was observed by the 

writer in the kaolin at Ronne, Denmark, which is produced by 

the decomposition of a granite containing both plagioclase and 

orthoclase. In partially weathered specimens the plagioclase was 

the more extensively affected. As a rule the orthoclase feldspar is 

much more common than the plagioclase. 

Aside from the kaolinization of feldspar by the ordinary processes 

of weathering it seems possible and even probable that its decom- 

position may be brought about by the action of mineralizing vapors, 

that is, vapors whose presence seems to be necessary to the forma- 

tion of certain minerals, as at Cornwall, Eng., where it was found 

that the feldspar of the granite on both sides of the tin veins had 

_ been altered to kaolin. This change is attributed to the action of 

fluoric vapors whose presence is pretty well proven. That such 

a process is possible is shown by J. H. Collins (Min. mag. 1887. 

7:2138, in the “‘ Nature and origin of clays and the composition of 

kaolinite ””) who exposed feldspar to the action of hydrofluoric acid. 

The feldspar, according to Mr Collins, was converted into hydrated 

silicate of alumina, mixed with soluble fluorid of potassium, while 

pure silica was deposited on the sides of the tube. . 

1G. P. Merrill. Rocks, rock-weathering and soils, p. 15. 
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With such treatment the orthoclase yielded more readily than 

either albite or oligoclase. The following analyses show the effect 

of 96 hours’ treatment of orthoclase with hydrofluoric acid at 

60° F. 

1 2 3 

EEE RINGS Ones Se Caen a a epee 63.70 49.20 44.10 

Pm ley Ato) ates: Dorel. £ NOs 76 35.12 40.25 
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100.04 98.64 99.61 

From the analysis it will be seen that the composition of the outer 

layer simply approximates that of kaolinite. 

No. 1 is the original feldspar. 

No. 2 is inner layer of altered feldspar. 

No. 3 is outer layer of altered feldspar. 

The artificial clay thus produced, when examined under the 

microscope, resembled washed kaolin. It showed no hexagonal 

scales, but contained a number of minute colorless cubes which are 

supposed to be fluor spar. | 

The theory advanced by Mr Collins was first suggested by Von 

Buch and Daubrée, who believed that kaolinization is produced 

by fluids containing fluosilicates or fluoborates acting from below, 

generally, if not always, through fissures. (Annales des mines 

S20, 1841).>,° | 

Von Buch early observed the constant occurrence of kaolin with 

minerals containing fluorin, and suggested that the kaolin of Halle, 

Germany, owed its origin to hydrofluoric acid. (Min. Tasch, 

1824)! | | | 
Daubrée considered that the kaolin near St Austell in Cornwall 

must have had a similar origin. (Annales des mines 1841) 

1 The writer can state from personal examination that the Halle kaolins 

were formed by ordinary weathering. 
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If Mr Collins’s theory be correct, the kaolin deposits should 

extend to great depths, but if the kaolinization be due to weathering, 

then we should encounter undecomposed feldspar at the limit to 

which weathering has reached. In Cornwall the kaolin mines, 

which are probably the largest in the world, have reached a depth — 

of over 200 feet without the kaolin giving out, while at Zettlitz 

in Bohemia a depth of over 400 feet has been reached with the 

‘same result. The latter locality'is one of thermal activity. In 

these two instances the theory just mentioned seems to be very 

reasonable. ‘There are many localities however where the kaolin 

decreases with the depth, passing into the undecomposed feldspar, 

as is the case for example in North Carolina, where the fresh 

feldspar is met at a depth of 60 to 120 feet. Still there are locali- 

ties in the United States where the mineralizing vapors seem clearly 

to have aided in the formation of kaolinite. Thus in many of the 

mines at Oripplecreek in Colorado, kaolinite has been produced 

_ by the decomposition of the feldspar, and is considered by Penrose 

to have been formed by other agencies than those of weathering, 

for the reason that it shows no sign of decrease in quantity with. 

the depth, occurring as abundantly in the bottom of the deepest 

rnines as on the surface. The frequent association with it of the 

unaltered sulfid minerals suggests that superficial alteration had — 

no part in the formation of the kaolinite, otherwise the sulfids. 

would have been oxidized to sulfate’. It is possible that fluorin. 

may have been the agent in the change, for it is abundant in many 

of the Cripplecreek ore deposits. | 

W hatever the species of feldspar, or the process of decomposition, 

the product is kaolinite, and, as previously observed, a mass of 

kaolinite would be termed kaolin, or pure clay. Such a thing as 

pure clay is however unknown, for one or more minerals are 

always associated with the feldspar and remain in the kaolin as 

impurities, but not necessarily injurious ones. Clay therefore is 

formed primarily by the decomposition of a feldspathic rock mass, 
pm es 

1U. S. geol. sur. 16th ann, rep’t pt 2, p. 181. 
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and, if the deposit is found in the locality where it was formed, 

it is known as a residual clay. 

Clay may also be derived from the decomposition of aluminous 

limestones. 

Deposits of kaolin are not very common, but residual clays are. 

Indeed in many of the southern states the surface soil over many 

square miles is nothing more than a residual clay. Such residual 

deposits often bear a close resemblance in chemical composition, 

to the rock from which they were formed. 

Under the influence of weathering the residual surface materials 

are washed down into the rivers and carried to seas or lakes 

where they are spread out over the bottom as sediments. We 

thus have another class of clay deposits known as sedimentary 

clay, no longer resembling the parent rock, but composed of the 

residuum of several different areas. 

These two types of clay deposits, the restdual and the sedv- 

_ mentary, present certain distinguishable features, bearing on their 

origin. : 

Residual clays are composed of a mixture of angular grains rep- 

resenting in part undecomposed rock, and fine rock flour of clay, 

that is, particles sufficiently fine to float in water. There is generally 

a gradual transition from the fully formed clay at the surface to 

the unaltered parent rock below. The ‘depth below the surface 

at which unaltered rock is reached varies from three or four feet 

to 150 or 200 feet. The structure of the parent rock is sometimes 

retained for a certain distance upward in the residual clay. 

Sedimentary clays are stratified and occur in beds. ‘They are 

as a rule more homogeneous than residual clays and contain a 

greater proportion of fine particles. They are also more plastic, 

and frequently have much.disseminated organic matter, but they 

bear little or no relation to the rocks on which they rest. 

Sedimentary clays occur either at the surface, or may lie deep 

below it, interbedded with other rocks. 

When sedimentary clays suffer consolidation under pressure they 
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are known as shale. Shales simply represent the finest clay sedi- 

ment, which has been deposited in those parts of the ocean which 

are very quiet and has become consolidated by the pressure of other 

sediments laid upon it. In some hard shales there is probably also 

some cementing material between the grains. 

In the later discussion of the chemical and physical properties of 

clay whatever is said of clay will also apply to shale, unless it be 

otherwise stated. 

Shales when ground up and mixed with water generally produce 

a plastic mass similar to common clays. If simply placed in water, 

however, they do not usually fall to pieces as an ordinary clay does, 

or, in other words, they do not slake. Shales may be either highly 

refractory or extremely fusible, and both forms of this material 

are of commercial value. Some of the most refractory material 

mined in the United States, as for instance the fire clays found 

at Denver Col., or those in Pennsylvania, are shales. The chief 

use of shales in the United States is in the manufacture of paving 

bricks. Those of New York state are treated in a separate 

chapter. 
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MINERALOGY OF CLAYS 

The number of mineral species which may exist in clays is very 

great, and depends partly on the mineralogic composition of the 

parent rock, and the extent to which decomposition has proceeded 

in the clay mass. 

The characters of the common minerals found in clays together 

with their more important features, are here given, arranged ap- 

proximately in the order of their abundance. Any one of these 

may however at times become a predominating constituent. 

Kaolinite. Formula: Al,O;, 2 SiO,, 2 H.O, or silica (SiO,) 

46.3%, alumina (A],03) 39.8% , water (H,O) 13.9% 

This is a white, pearly mineral, crystallizing in the monoclinic 

system, the crystals presenting the form of small hexagonal plates. 

Its specific gravity is 2.2-2.6; its hardness 2-2.5. It is naturally 

white in color and a mass of it is plastic when wet, but very slightly 

so. The occurrence of kaolinite in crystals has been noted from 

National belle mine, Red Mountain, Col. (H. Reusch, Jahrb. f. 

mineralogie, 1887, 2:70) and from Anglesey (A. Dick, Min. 

mag. 1876, 8:15). A microscopic examination shows the plates of 

kaolinite collected in little bunches. Their separation by grinding 

increases the plasticity.* 

If kaolin be formed into briquets, of the same shape as those 

used in testing cement, its tensile strength, as determined by pulling 

these briquets apart in a testing machine, is usually 5-15 pounds 

the square inch—a very low degree compared with the tensile 

strength of more plastic clays. 

Kaolinite is nearly infusible, but a slight addition of fusible 

impurities lowers its refractoriness. 

Many kaolins contain very minute scales of white mica, which 

it would be difficult to distinguish under the microscope from 

kaolinite. Since white mica in a very finely divided condition is 

1 Clays of New Jersey, N. J. geol. sur. 1878. G. H. Cook. 
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not unlike kaolinite in its behavior, as shown by the experiments 

of Vogt, its presence may be of no influence, unless there is an 

appreciable amount of it. The following quotation’ exhibits those 

experiments. 

Mr Vogt considers that the plasticity which clays have is chiefly 
due to the hydrated silicate of alumina or kaolinite. Experiments 
which he made, show that the kaolinite is not the only substance 
which remains in suspension for a long period. For his trials he ~ 
took quartz from Limousin, orthoclase from Norway, and a potash 
mica. All three were ground very fine, and then washed in a 
current of slightly ammoniacal water. The washed materials were 
then allowed to stand. After 24 hours each of the liquids was 
as opalescent as if it had washed clay in suspension. After nine 
days the turbidity still remained, but was less marked., At the end 
of this time the supernatant liquid was ladled off of each, and a 
few drops of hydrochloric acid added to it. The suspended ma- 
terials coagulated and settled, and the precipitate was collected, 
dried, and weighed. The mica which had remained in suspension 
during the nine days was very fine; still the particles glittered in 
the light. The addition of hydrochloric acid caused the instant 
settling of the particles, which was also noted by the cessation of 
the glittermg. The settlings of mica from 1 liter of water 
amounted to .15 gram. This fine-grained mica possessed a plas- 
ticity almost equal to that of the kaolin. 

From the decanted liquid of the feldspar the hydrochiaem acid 
brought down .4 gram of this mineral per liter, while of the 
quertz only .1 gram of sediment was obtained. 

A very plastic clay from Dreux was treated in the same manner 
and aiter nine days a precipitate of .56 gram was brought down. 

From these experiments we see that in washing kaolin it is 
impossible to free it entirely from quartz, feldspar, and mica. 

Associated with kaolinite we may find one or more other species 

of minerals, all hydrated silicates of alumina. Some of these have 

been found in crystals and are very probably good species, but 

others are known only in an amorphous condition. This may tend 

to suggest some doubt as to their validity. These associated species 

together with their characters are given by Dana as follows. 

: Thonindustrie zeitung, 1893. p. 140. 
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Halloysite. A massive, clay-like or earthy mineral, with a 

conchoidal fracture. It shows little or no plasticity. It has a 

hardness of 1-2. The specific gravity is 2.0-2.20. The luster is 

somewhat pearly to waxy or dull. The color is white, grayish, 

greenish, yellowish and reddish. It is translucent to opaque, some- 

times becoming translucent or even transparent in water, with an 

increase of one fifth in weight. It is a silicate of alumina like 

kaolinite, but amorphous and containing more water; the amount 

is somewhat uncertain, but according to Le Chatelier the composi- 

tion is probably 2,0, Al,O; 2SiO,-+ aq, or silica 43.5%, alumina 

36.9%, water 19.6@=-100. It is not uncommon in the kaolin de- 

posits around Valleyhead, Dekalb co. Ala., where it occurs as 

veins in the kaolin. 

Rectorite. Monoclinic. In leaves or plates resembling moun- 

tain leather. Very soft, hardness less than that of tale. Feels 

soapy. Luster pearly. Color pure white, sometimes stained red 

with iron oxid. Composition: H Al SiO,or Al,O3, 2 SiO., H,O= 

silica 50.0; alumina 42.5; water 7.5. 

Newtonite. Rhombohedral. In soft, compact masses, resem- 

bling kaolinite. Color white. Composition: H,AJ,Si,O,,4+-water 

or Al,O, 2 Si0,, 5 H,O=silica 33.5, alumina 32.7, water 28.8, 

Sp. gr.=2.37. 

Allophane. Amorphous. As incrustations which are usually 

thin, with mammillary surface. Occasionally almost pulverulent. 

Fracture imperfectly conchoidal and shining, to earthy. Very 

_ brittle. Color variable. Translucent. A hydrous aluminum sili- 

eite, Al,8iO;+5H,0=silica 43.8, alumina 40.5, water 35.7. 

Hardness 3. Sp. gr. 1.85—1.89. 

Other species listed by Dana in the kaolinite group are cimolite, 

montmorillonite, pyrophyllite, collyrite and Schrotterite. Indian- 

aite, a white residual clay found in Lawrence co. Ind., is placed 

under halloysite by Dana. 

Clays may vary mineralogically within very wide limits. Pure 

clay, as before stated, would consist entirely of the mineral kaolin- 

ite, but in addition to this quartz, feldspar and mica are minerals 
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most commonly present and we may also find calcite, gypsum, mica, 

siderite or carbonate of iron, pyrite, dolomite, iron oxid, ete. 

Quartz. This mineral is present in sedimentary clays mostly in 

the form of fine grains, or sometimes in crystals, while in resid- 

ual clays the particles are usually angular. It may be colorless, but — 

the grains may be often superficially colored either red or yellow 

by iron oxid. It is a very hard mineral and scratches glass easily. 

Feldspar might be mistaken for it, but feldspar will not scratch 

glass. 

Flint or amorphous silica is sometimes present ‘in clays. It 

usually has a muddy color, and a conchoidal fracture. It might 

be found in either residual or sedimentary clays. 

Quartz and flint are infusible except at very high temperatures; 

but the presence of other minerals in the clay acting as fluxes often 

causes them to soften at a much lower temperature. In addition 

quartz serves to diminish the shrinkage of a clay, and, if not natur- 

ally present in sufficient quantity, has to be added during the pro- 

cess of manufacture. The admixture of quartz also tends to de- 

crease the plasticity, the more so, the coarser the grain. The size 

of the quartz grains affects the ease with which they can be fluxed; 

for, as fusion begins on the outside of a quartz grain, the larger 

the grain the longer it will take to reach the center. Therefore if 

the heat is not continued long enough, it may happen that the 

outside of the grain has been softened and the center is unaffected. 

Feldspar. Since kaolinite is formed by the decomposition of 

feldspar, it seems but natural that we should find some undecom- | 

posed grains of the latter in almost every clay. The fragments 

would be scaly or rhombohedral in form. Feldspar is slightly 

softer than quartz, and while the latter scratches glass, the former 

will not. It is commonly pink, red, yellow or even white. Few 

fragments fail to show a white coating on the surface of the grains, 

or lining the cracks and cleavage planes of the mineral, indicating 

the presence of some kaolinite. 

Calcite. This mineral may occur in clays in the form of little 

rhombohedral grains, soft enough to be scratched with a knife. 
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As calcite effervesces when moistened with muriatic acid, its pres- 

ence in the clay may often be detected by the addition of this 

‘chemical to it. Calcite may be scattered through the clay in 

the form of small grains or be present as concretions (commonly 

called “ clay dogs’). It not infrequently happens that some lay-. 

ers of the clay contain a much larger percentage of carbonate 

of lime than others, and indeed, with a very great increase in the 

amount of carbonate of lime, the clay might pass into a marl. 

Where a deposit of clay rests on a bed of limestone, the lower 

layers of the material may be more calcareous than the upper 

ones. The carbonate of lime found in clays is at times derived 

from particles of limestone if the clay is a sedimentary one, or in 

the case of either sedimentary or residual clays it may come from 

the decomposition of lime soda feldspars, or again it may be in- 

troduced by percolating waters. 

Gypsum may be present in the clay as grains, needles, or well 

formed crystals, or lamellar masses. It is much softer than calcite, 

being scratched by the finger nail, often has a pearly luster, is 

transparent, and does not effervesce with acid. In hard burned 

bricks gypsum simply acts as a flux, but in lightly burned ones, it 

gives rise to soluble sulfates, which cause efflorescence. In the 

salina shales it often forms large transparent plates. 

Mica. This can frequently be easily detected by the naked eye, 

even though it may be present in a very finely divided condition, for 

the small scales of it have a high luster. Mica is seldom absent 

in clays and is usually present to a greater or less extent in the 

best known kaolins. Owing to its nature it floats very easily, 

and is consequently very hard to eliminate by washing. As white 

mica is very refractory, and when finely ground possesses a certain 

amount of plasticity, its presence in small amounts is not very 

injurious. | 

The mica found in clays is generally derived from igneous or 

metamorphic rocks, such as granites, gneisses, or schists. Two 

kinds of mica are commonly found in clay, namely biotite and 

muscovite. The biotite mica is a silicate of iron, magnesia and 

‘Bs 
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alumina, occurring as six sided plates or irregular scales usually 

of a dark color. As it decomposes easily with the formation of 

iren oxid, it is not as commonly found in clays as muscovite. The. 

latter is sometimes called potash mica, though it also contains a 

small amount of iron and magnesia. It is of a silvery white or 

light brown color. / | 

As before mentioned, mica by itself is rather refractory, but in 

the presence of other minerals may serve as a flux at high tem- 

perature. Even in burned bricks the mica scales are often per- 

ceptible. This is frequently the case when the brick has been 

burned at a temperature of 2500° F. 

Siderite. This is perhaps a more common constituent than is 

usually imagined. It generally occurs in the form of opaque, 

rounded masses, and effervesces on the addition of warm muriatic 

acid. In the burning of the clay siderite or iron carbonate is 

converted into iron oxid. | 

Pyrite. This is a combination of iron and sulfur. It has a 

metallic luster and yellow color, and is a very common constituent 

of many fire clays, occurring either in the form of small yellow 

metallic grains or concretionary masses of yellow crystals. In the 

burning of clay it may be changed to sulfate of iron and if the 

clay is heated to vitrification, it will serve as a flux. The brick 

makers’ common name for pyrite nodules is “‘ sulfur-balls”’. 

Marl or limestone fragments. The action of these is the same 

as that of calcite. Their presence may be detected by treatment 

with muriatic acid. | 

Dolomite, the double carbonate of lime and magnesia, and mag- 

nesite, the carbonate of magnesia, may both occur in clay, either 

as earthy grains or as rhombohedral crystals. Either alone is highly 

refractory and in this condition is used as linings for furnaces, but 

when present in clay may serve as a flux, their action being similar 

to that of lime. | 
Iron oxid. This is perhaps the most common impurity of clay 

next to quartz. It may occur in the form of earthy grains, or 
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metallic scales, or as a superficial coating on other mineral grains. 

It dissolves quietly in muriatic acid. Iron may also occur in clay as 

a constituent element of other minerals, and indeed the effect which 

it produces is dependent not so much on the actual amount of iron 

_oxid present as on its condition, according as it is combined with 

silica, carbonic acid or some other acid. | 

Hornblende. This is not an uncommon constituent of clays, and 

when present is generally in the form of tiny scales or flakes of a 

dark green color, sliowing transparency under the microscope only 

when extremely thin. It is highly probable that the hornblende 

does not remain very long as such, for it decomposes quite easily, 

yielding hydrated ferric oxid or limonite. 

Rutile is probably of widespread occurrence in clays, though 

never in large quantity. It occurs mostly in the form of bristle- 

like crystals. No systematic study of their occurrence in clay has 

ever been taken up. The writer has observed them in some of 

the Staten Island clays, and reference has been made to them from 

time to time by other writers. (See J. J. H. Teall. Min. mag. 

7: 201; G. E. Ladd. Amer. geol. Ap. 1899) 

Vanadiates, though not as common in clays, may cause dis- 

coloration. In Germany they have been found in clays associated” 

with the lignites, and also in some fire clays, but in this country, 

so far as the writer is aware, they have never been investigated. 

Clays containing soluble vanadiates, if not burned at a sufficiently 

high temperature, will show on the surface of the ware a green 

discoloration, which, though it can be washed off with water, will 

continue to return as long as any of the salt is left in the brick. 

_ Vanadiates may be rendered insoluble by burning the clay to a 

point of vitrification. (Seger’s Ges. Schrift. p. 301) 

Other minerals may occur in clays, such as magnetite, titanite 

etc., but the quantity is small. 

Organic remains. These consist of bituminous matter, roots, 

amber and other substances, which volatilize on ignition. 
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PROPERTIES OF CLAY 

Pure clay would be composed entirely of the mineral kaolinite, 

the hydrated silicate of alumina. A mass of it would be called 

kaolin. ‘The latter is the name of the rock, the former the name 

of the mineral composing it. 

Pure kaolin has not been found thus far, though deposits con- 

taining as much as 70% of kaolinite: are known, and these when 

washed yield in some instances a mass containing as much as 98.5% 

of kaolinite. Kaolin therefore contains a variable amount of 

foreign minerals, mixed with the kaolinite, or clay substance, as it 

is sometimes called. These impurities affect the properties of 

the kaolin materially, either as regards its shrinkage, fusibility, 

or color in burning. ‘The last named effect is caused by the 

presence of ferruginous impurities. Their presence in an effective 

amount would necessitate classing the material with residual clay. 

Kaolinite is supposed to form the base of all clays, or kaolinite 

together with other hydrated silicates of alumina. ‘This clay sub- | 

stance forms a variable proportion of the clay mass, and stands in 

no direct relation to the plasticity, except that plasticity is lost 

with the expulsion of the combined water. The amount of clay 

substance ranges in known clays from 5% or 10% to 98.5% The 

former might. be a clay sand, the latter a nearly pure kaolin. In 

_kaolins the chief impurities are quartz, feldspar and mica, but — 

in other clays the number of mineral impurities may be very large. 

(See chapter on “ Mineralogy of clays ”? », 508) 

The properties of clay fall generally under two heads, chemical 

and physical. The latter includes plasticity, fusibility, shrink- 

age, tensile strength, slaking, absorption, density. ‘The former em- 

braces the chemical composition, which exerts an influence on the 

physical behavior of the clay and should therefore be discussed 

first. 
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Chemical properties 

The chemical composition, and indirectly therefore the minera- 

logic composition, may influence the fusibility of a clay, its = 

in burning, shrinkage, and perhaps plasticity. 

The compounds which may be found in clay are silica, alumina, 

iron oxid, lime, magnesia, potash, soda, titanic acid, sulfuric acid, 

manganese oxid, phosphoric acid and organic matter. Compounds 

of chromium? and vanadium? may also be present in small amounts, 

and even lithium (N. W. Lord. J..A. J. M. H. 12: 505) and 

cerium, yttrium and beryllium oxids (Jour. pr. chem. 33: 182) 

have been recorded. Phosphoric acid is also known.? Not 

all of these are present in every clay, but most of them are. 

Pure clay would contain silica, alumina and combined water. The 

purest clays known contain traces of iron oxid, lime and alkalies. 

All of the constituents of clay except alumina, organic matter, 

and water, may exert a fluxing action on the clay when burned, 

the intensity of this action depending on the amount of fluxing 

material and the temperature. Consequently the impurities of 

clay are often divided into fluxing and non-fluxing. 

Fluxing vmpurities 

Pure clay, theoretically composed altogether of the mineral 

kaolinite, is very refractory. This mineral contains two molecules 

of silica and one molecule of alumina. A higher percentage of 

silica tends, up to a certain point, to increase the fusibility provided 

- it is in a finely divided condition. If the silica percentage how- 

ever gets above a certain point, the refractoriness of the clay in- 

-ereases with the increase in silica up to the point at which the 

mass contains nothing but silica. This has been demonstrated 

by the experiments of Seger. (Thonindustrie zeitung, 1893. 

no. 17) 

Other substances act as far more powerful fluxes than the silica, 

and these fluxes include not only elements but also definite chemical 

1Some Brazilian clays. 

2 See p. 509. 

3 Some pleistocene clays near Baltimore, Md., contain much vivianite. 
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compounds or mineral species, which either already exist in the 

clay or may be added to it artificially. The influence of fluxes in- 

creases not only with the amount present but also with the state 

of division, they being the more active the more finely they are 

divided. _ If the flux is present in the form of large grains, — 

these grains will only exert a fluxing action on their surface, 

whereas the single grains alone will act more like quartz grains, 

that is, as diluents of the shrinkage. The minerals which may 

be present as fluxes or may sometimes be added are mica, feld- 

spar, and similar silicates, slags, lime carbonate, magnesia car- 

bonate, and various compounds of iron and manganese. In addi- 

tion they may be present as soluble salts. It is usually the omds 

of iron, manganese, and complex silicates containing these as well 

as lime, magnesium, potash, and soda that determine the degree of 

fusibility of the clay. | 

The amount of fluxes which a clay contains has an important 

bearing on its applicability. For some purposes it is desirable as 

well as necessary that the percentage of fluxes should be low 

(producing refractory wares), not only with a view to refractoriness, 

but also, as in porcelain or white earthenware manufacture, to 

prevent discoloration of the ware. Again, the combination of 

fluxes in large amount may be desirable for the production of a 

vitrified body, such as is required for paving brick or sewer pipe. 

In kaolins the amount of fluxes may be as high as 7% provided 

they do not exert a coloring action. Some of the best kaolins known 

contain about 35% of feldspar, which means about 5.5% of potash. 

In fire clay 4-54 is the permissible limit, depending on the physical 

properties of the clay, while in a paving brick clay the total of 

fluxes may run as high as 16%. 

Alkalis 

These are never present in a clay in the form in which they are 

determined in the ordinary quantitative analysis, but generally as 

a constituent element of one or more minerals. Clay may contain 

two classes of alkalis, fixed and volatile. The former are soda, 

potash and lithia, the latter ammonia. 
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Ammonia. Olays possess a strong absorptive capacity for gases 

and in consequence of this frequently contain an appreciable 

amount of ammonia, to which is largely attributable the character- 

istic odor of clay.’ 

While the presence of this compound may exert some action on 

the plasticity and absorptive power of the clay, still it need not. be 

considered in burning, for it passes off as a vapor at a temperature 

considerably below dull redness, or may even volatilize with the 

moisture of the clay during the early stages of burning. 

Fixed alkalis. These include potash, soda and lithia, but the 

latter is such a rare constituent that it need not be ccnsidered. 

Potash and soda are present in nearly every clay, in amounts vary- 

ing from a mere trace to 10%, but the usual average is 1%-3%. The 

chief sources of potash and soda are the different species of feld- 

spar; white mica or muscovite may furnish potash. The variation 

in amount might be accounted for by the presence of undecomposed 

feldspar in the clay, the common feldspar orthoclase containing 17% 

of potash alone. 

When either feldspar or mica decomposes, the alkalis are con- 

verted wholly or in part into soluble compounds, and thus we get 

both soluble and insoluble alkaline compounds. 

Soluble alkaline compounds. These may be present in any clay, 

but they seldom occur in large quantities. They may influence the 

plasticity of the clay, by causing a flocculation of the particles; but 

their chief importance, or disadvantage, is in giving rise to the 

formation of efflorescence on the surface of the ware, where they 

become concentrated by the evaporation of the moisture in the clay, 

unless previously rendered insoluble by the addition of proper 

chemicals. This crust may interfere with the formation of salt 

glaze, or the adhesion of a glaze applied to the ware before burning. 

Soluble alkaline sulfates are powerful fluxes. They cause 

blistering of the ware if the clay is heated sufficiently high to de- 

compose the sulfate and permit the escape of sulfuric acid gas. 

| JF, Senft. Die Thonsubstanzen p. 29. 
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In some clays containing sulfate of iron the latter may be de 

composed by chemical reactions taking place in the clay and sul- 

furic acid being set free. This acid is apt to attack the alumina of 

the clay substance, and if potash, soda or ammonia be present they 

give rise to potash, soda or ammonia alum, which can frequently be | 

detected by tasting the clay. 

Insoluble alkaline compounds. All the sources of these in clay 

are minerals, silicates of complex composition. Feldspar and mica 

are the most abundant sources, but some may be derived from 

garnet, hornblende and pyroxene, fragments of which may be 

present in nearly all impure, and specially ferruginous clays. 

The feldspars are complex silicates of alumina and potash, or 

alumina, lime and soda. Orthoclase, the most common of the feld- 

spars, contains about 17% of potash, while the limesoda feldspars 

have from 4% to 12% of soda, according to the species. Feldspars are 

the most important source of alkalis in clay, and, as the species 

vary somewhat in their fusibility, they may exercise a varying in- 

fluence on the fusing point of the clay. Thus the lime-soda feld- 

spars are more fusible than the potash ones.! 

The micas are complex silicates of alumina, with iron, magnesia 

and potash. Muscovite, the commonest species of the group, con- 

tains nearly 12% of potash and may contain a little soda. While 

feldspars fuse completely at about 2300° F., mica alone is very 

refractory, being unaffected by a temperature of 2550° F. While 

it probably serves as a flux, it is not known positively at just what 

temperature it begins to act as such. | 

Alkalis, specially in the form of silicates, are frequently a de- 

sirable constituent of clay, on account of their fluxing properties, 

as in burning they serve to bind the particles together in a dense, 

hard body and permit the ware being burned at a lower tempera- 

ture. 3 

In the manufacture of porcelain, white earthenware, encaustic 

tiles and other wares made from kaolins, and having a body which 

1 Seger. Ges. Schrift. p. 413. 
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is impervious or nearly so, the alkalis are added for fluxing to the 

body in the form of feldspar. Much feldspar is mined both in the 

United States and Europe for potters’ use, but in nearly every case 

it is the potash feldspar. | 

Alkalis exert little or no coloring influence on the burned ware 

in most instances, but if an excess of feldspar be added to a white 

burning clay, it will produce a creamy tint when burned. Potash 

seems to have a tendency-to deepen the color of a ferruginous clay 

in burning. ' 7 

The amount of alkalis contained in clay varies. It may sink to 

a mere trace or rise to 74 or 8%. The limits for a number of clays 

are given below the figures being taken from tables at end of report. 

Range Aver. 

POP ATAS io i446! 5 ss NSU hapletin ple ER a es: og LOGS BAe ig Ay 01 
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PaCS gt Gr teh oiiks) Sawen Stim Senet 0G: 

Maro Clays «: 6):) %.: Pe a. ei greene PALS SO 2 IGS 

| Iron oxid 

Tron oxid is the great coloring agent of both burned and un- 

burned clay, and in addition serves as a flux. Furthermore in the 

form of hydrated oxid it may increase the absorptive power of 

elay.? 

It is not only one of the most widespread and common of clay 

ingredients, but is also derived from the greatest number of 

minerals. The compounds which may serve as sources of iron oxid 

in clays are 

Oxids — limonite, hematite, magnetite, ilmenite 

Silicates — mica, hornblende, garnet, ete. 

Sulfids — pyrite, marcasite 

Sulfates — melanterite 

Carbonates — siderite 

‘HK. A. Smith. Ala. geol. sur., rep’t on agricult. p. 45. 
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The iron oxids, limonite and hematite, are present in nearly all 

clays. They may be introduced by percolating waters, or result from 

the decomposition of any of the iron-bearing silicates, such as horn- 

blende, mica or garnet. They are not infrequently distributed 

through the clay in a very finely divided condition, or may form a_ 

thin film around the other mineral grains. Limonite tends to color ; 

the unburned clay brown or yellow, while hematite imparts a red 

color. Ferric carbonate may give gray-tints. Mica is found in 

most clays. Hornblende and garnet are probably wanting in a few. 

Pyrite is present in many clays, specially stoneware and fire clays, 

its yellow, glittering metallic particles being easily recognizable. 

These particles may be either fine grains, or large lumps, the former 

of which have to be separated by washing, the latter by hand- 

picking. Pyrite alters under the influence of weathering or burn- 

ing to sulfate of iron, which is soluble in water and may indirectly 

or directly act as a discoloring agent on clay wares, provided the 

clay is not burned to vitrification. If burned to this point however 

the pyrite acts as a flux (and according to Wipplinger’ a very strong 

one) forming little specks, or larger ones, according to size of pyrite 

grains, of fused ferrous alumina silicate. In all iron-bearing 

minerals found in clays, the iron exists in one of two conditions, 

viz, as ferrous or ferric, and the fusibility of any given clay de- 

pends somewhat on this fact, for the reason that ferrous compounds 

lower the fusing point of a clay. In burning any clay the ferrous 

salt will be changed to the ferric condition, provided the fire is 

oxidizing in its action, but if the action is reducing, the iron © 

will remain in the ferrous form. The action of weathering 

agents in nature is often sufficient to oxidize the iron in the clay, 

so that in most clays more ferric than ferrous iron will be found. 

Evidence of this change in the condition of the iron can often be 

detected by the red or yellow color of the upper or more porous 

layers of the clay, the lower layers being colored oray. <A gray 

color may at times be produced also by the presence of organic 

1 Keramik, p. 26. 
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matter, and this material, if present in a dense wet clay, to which 

_ the air can not gain access, may keep the iron in a ferrous condition. 

Whenever the iron exists in the clay in combination with silica, 

it is present probably as a complex silicate, for pure ferric silicate is 

very rare in nature. ve 

The presence of ferric hydrate in clay increases its absorptive 

power for both gases and water, but both it and the carbonate are 

converted in burning to the oxid. 

While it may be said that the burning of clay in an oxidizing 

fire converts the iron to the condition of ferric oxid, still this state- 

ment only holds true up to a certain temperature, depending on the 

fusibility of the clay, for in every clay the iron seems to return to 

the ferrous condition as the point of vitrification is approached. 

The change would of course be accompanied by a liberation of 

oxygen, which would increase with the amount of iron in the clay, 

and may account for the greater blistering of ferruginous clays as 

the point of vitrification is passed, and that of viscosity approached. 

While this fact is not unknown, very little attention seems to 

have been paid to it. 

Remole?* considers that the greenish color of hard burned clays 

is due to this cause. Seger” also notes the ferrous condition of 

iron at high temperatures, and states that in this form it is a 

powerful flux. 

The tendency of iron oxid is to unite with the silica and alumina 

and also with the lime of the clay the moment that fusion begins, 

thereby forming a complex silicate, whose fusibility is lower than 

the simpler ones from whose union it was formed. 

The experiments of Berthier (Percy’s Metallurgy, refractory 

materials and fuel, p. 60-75) on mixtures of iron, alumina and 

silica point out these facts very clearly. These consisted in making 

up the mixtures given below and subjecting them to a high tem- 

perature, that of molten steel, with the results also stated below. 

1 Wagner. Munual of chemical technology. 1897. p. 634. 

? Seger. Ges. Schrift. yp. 391. 
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Action of heat on mixture of silica and bases 

( 4A1,04,38i0, 
2.A1,0;,38i0, 
Al,05,38i0, 

Aluminum sili- 

cate 

2Fe,0,3 510, 

L 

[ 

Ferric silicate + 

| Fe,O0,,3Si0, 

( 4FeO,Si0, 

Ferrous ei 2FeO,Si0, 
cates 

FeO,Si0, 
2F eO,3S8i0, 

Double or mul- 
tiple silicates 

Pe te 

» Strongly 

| 2.A1,05,98i0, 

3Fe0,A],0,,38i0, 

Agglomerated 
Agglomerated 

agglomerated, 
compact > fracture stony, 
dull 

Compact, stony fracture, 
slightly shining 

The mixtures did not de- 
crease in volume; there 
was no combination, the 
buttons were tenacious of 
a deep grav color and 
magnetic. It is now 
known that silicate of 
protoxid of iron is formed 
with the evolution of 
oxygen. 

Bubbly, finely granular in 
one part, crystalline in 
another 

Very easily melted. Deep 
olive green 

Melted into compact mass 
Melted into compact, homo- 

geneous mass 

Apparently was only in 
pasty state 

Fe,03,A],0;,6810, Completely melted into 
brilliant black glass 

Melted into compact mass 
free from bubbles 

From these results Berthier drew the following conclusions: 

No silicate of alumina is completely fusible at the highest tem- 

peratures attainable in the furnace (that is such as were in use when 

Berthier wrote). 

Protoxid of iron produces a remarkably fusible silicate. 

The fusibility of multiple silicates is greater than that of the 

mean of the component silicates. 
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_ If the action of the fire is oxidizing, the presence of ferrous salts 

need not be considered, provided the heat is raised high enough to 

oxidize them. _ 

The rapidity with which the temperature is raised is important, 

for if the heat is raised too quickly the outer portion of the clay 

may shrink and become dense before the air has had time to per- 

meate the clay and oxidize the iron in the center of the body. This 

is the cause of the black cores sometimes seen in bricks whose sur- 

face is red. | 

The same variety of colors seen in the raw clay may be similarly 

produced in the burned clay, the result being conditioned on the 

relative amounts of ferrous and ferric compounds. Ferrous oxid 

alone produces a green color when burned, while ferric oxid alone 

may give a purple or red, and mixtures of the two may produce 

yellow, cherry red, violet, blue and black.’ The more intense the 

heat, the deeper the color produced by the iron. At very high 

temperatures it is difficult or impossible to obtain an oxidizing 

action in the kiln or furnace. 

Seger? found that combinations of ferric oxid with silica pro- 

duced a yellow or red color in the burned clay, while similar com- 

pounds of the ferrous salt showed blue and green. 

The black coloration produced by iron oxid in hard firing is 

often to be seen on breaking open the arch bricks of a kiln. The 

surface of such bricks may frequently get black, this being due in 

part to the slagging action of the ashes from the fire which stick to 

them. 

The coloration of clays by iron in burning will be farther dis- 

cussed under that head. 

The amount of ferric oxid permissible or desirable in a clay de- 

pends on the use to which it is to be put. Kaolins or plastic clays 

to be used in the manufacture of white bodies should contain less 

than 1% if possible. A greater amount might be present, provided 
=e 

1 Keramik. p. 256. 

2 Notizblatt. 1874, p. 16. 
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there were three times as much lime to destroy the red color, but 

even then the resulting tint would be yellowish. Even a very small 

amount, below 1%, may produce a grayish tint at high temperatures. 

Brick clays should contain sufficient iron to give a good red color, 

provided that is desired in the product. 

For fire clays a small iron percentage is desirable, in fact ie 

total of fluxes should be low, and in every case the permissible 

quantity of iron, so far as its fluxing effect is concerned, depends on 

the relative amounts of the other fluxes contained in the clay. 

The following is the range of ferric oxid contained in a number 

of clays. 

Kind of clay Max. Min, Aver. 

gorick clays? ie Pee ee Bee ee 32.12 126. Saeaee 

ire clayse 4! One Sih ee eM LO Tae 1.506 

Atolimg?) it FG OEE eke S Dhidibny yea (ee howld Giek's M6 1.29 

Lime 

Lime is a very common impurity of many clays, specially of low 

grade ones. 

A large number of minerals may serve as its source, but in all 

of these it is present in one of three conditions. 

1 Asa silicate in certain feldspars, hornblende, garnet 

2 Asa carbonate, limestone or calcite, dolomite 

38 Asa sulfate in gypsum 

The first two classes include primary mineral constituents of 

clays, but the third, gypsum, is most commonly of secondary origin, 

having resulted from chemical action within the clay.. 

In many clays, lime probably occurs as a constituent of some 

silicate mineral, a lime soda feldspar, hornblende or garnet. This 

would be the case if the clay was derived from an igneous or meta- 

morphic rock. There are other silicates containing lime, but their 

presence in clay is probably not very frequent. Lime when present 

in a silicate acts as a flux, but is seldom liable to exert a decolorizing 
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action on the clay, by the formation of a double silicate of iron, 

lime and alumina, except at higher temperatures. 

Carbonate of lime is very abundant in clays, either sedimentary 

or residual, which have been derived from areas underlain by cal- 

eareous rocks. It may result from the decomposition of lime-bear- 

ing feldspars. Its presence as carbonate can be frequently deter- 

mined by treating the clay with muriatie acid, which produces 

effervescence if more than 4% or 5% of lime carbonate is present. 

The effect of carbonate of lime in a clay depends on its physical 

condition. If present in the form of lumps or pebbles, it is very 

injurious, and is commonly removed by screening or washing, or 

at times the clay is simply washed to break up the lumps. If 

present in a finely divided condition, it may not only be harmless 

but even desirable, provided there is not an excess of it. Clays with 

20%-25% of carbonate of lime can be used for common or even 

pressed bricks, also for earthenware. Calcareous clays find an ad- 

ditional use in the manufacture of glazes. 

The effects of carbonate of lime may be briefly stated as follows. 

In burning the lime carbonate is broken up into carbon dioxid and 

caustic lime. If the clay is not raised to the temperature of 

vitrification in order to make the lime unite by fusion with other 

ingredients, the lime will absorb moisture from the air and slake. 

The swelling which accompanies this may, if the lime is in lumps, 

cause a bursting or flaking of the brick. 

Lime also tends to destroy the red color. produced by iron in 

burning, giving a buff, or greenish product, depending on the in- 

tensity of the firing. To destroy the iron coloration, it is necessary 

for the clay to contain three times as much lime as iron. Buff 

colors are not always due to this cause, for a small percentage of 

iron in a clay may yield the same hue. 

In high grade clays large amounts of lime do not need to be con- 

sidered, for such materials can not be used; but in the manufacture 

of building brick, pressed brick, or terra cotta, it is sometimes neces- 

sary to use clays with a large amount of lime, either from necessity, 
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or to obtain a cream colored ware. For the latter purpose semi-fire - 

clays yield the best results, but are not always obtainable; hence 

calcareous clays must be used. It is therefore desirable to know the 

amount of lime carbonate which is allowable. A good, but not at 

the same time vitrified, brick can be made from a clay containing 

20%-25% of lime carbonate, provided it is evenly and finely dis 

tributed through the clay. | 

The objection to highly calcareous clays is that the points of in- 

cipient fusion and vitrification lie so close together that it is not 

safe to burn them hard, because of the risk of fusmg them. It has 

been found possible to separate these points however by the addition 

. of quartz and feldspar to the clay, or by adding sand containing a 

large proportion of them.* 

Aside from lowering the fusibility of a clay, and affecting its — 

color when burned, lime also exerts a powerful effect on the 

shrinkage. 

Seger * found that caleareous or marly clays required usually only 

20%-24% of water to convert them from a dry condition into a work- 

able paste, whereas other clays needed 28%-35% of water to ac- 

complish the same change. 

In burning, such clays lose not only their combined water but 

also carbon dioxid, and consequently they are more porous than 

other clays up to the point of sintering, and this porosity, attended 

by diminution of shrinkage, increases with the amount of lime 

carbonate contained in the clay. The shrinkage may indest be- 

come zero, or the brick even swell. 

The small difference between the points of incipient fusion and 

viscosity have already been mentioned. 

Gypsum, the hydrated sulfate of lime, is not uncommon in some 

clays, specially those which originally contained carbonate of lime 

and pyrite. The oxidation and decomposition of the latter produce 

sulfuric acid, which attacks the lime carbonate, producing lime 

1See “Glazed brick”, p. 652. 

2 Seger. Ges. Schrift, p. 265. 
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sulfate. This takes up water in chemical combination and forms 

gypsum. 

In many instances the presence of gypsum can be instantly de- 

tected by the large transparent crystals scattered through the clay; 

at other times it is found in the form of parallel fibres filling cracks 

or cavities in the clay. So far as the writer is aware, only the 

former type has been found in the New York clays. Gypsum may 

serve as a flux, but at the same time it may do considerable damage 

in the burning by the liberation of sulfuric acid, which in its efforts 

to escape may cause blisters on the surface of the ware. Lime may 

be introduced into a clay by absorption, where a clay deposit rests on 

a limestone or marl formation, the clay absorbing waters from below 

that contain lime in solution, which the clay tends to separate. 

All’clays do not contain lime, and indeed it sometimes happens 

that the clays over very large areas are singularly free from it, 

while in other regions the opposite may be true. The clays in many 

parts of Alabama are remarkably low in lime. Those underlying 

the region around Chicago, and again around Buffalo have an ap- 

preciable amount of it. This material has been one of the chief 

causes in restricting the utilization of the Hudson valley clays, 

which for combining extent, location and accessibility are not sur- 

passed by any other deposit. 

The range of lime in different clays is given below. 

Kind of clay Min. Max. Aver. 
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Magnesia 

Magnesia rarely occurs in clays in the same quantity as lime, and 

in fact seldom exceeds 2%. The same classes of compounds may fur- 

nish it as furnish lime, viz, silicates, carbonates and sulfates. The 
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silicates are probably the most important form of its occurrence in ~ 

clay, and are represented by the minerals, mica, hornblende, chlorite 

and pyroxene. ‘These are scaly minerals containing from 15%-25¢ 

of magnesia. Mica is a very common constituent of many clays, 

and its shining scales easily render it recognizable. Chlorite scales 

may be present in many clays, and if in abundance color the clay 

green. Hornblende also is not an uncommon constituent, and 

specially present in clays derived from rocks of very basic composi- 

tion, that is, those with a low silica percentage. Indeed the de- 

composition of hornblende may give rise to a hydrous aluminum 

silicate, which is highly colored by iron, the product therefore being 

a ferruginous clay. (G. P. Merrill’s Rocks, rock-weathering and 

souls, p. 21) 3 

Dolomite, the double carbonate of lime and magnesia, may be 

a source of magnesia as well as of lime in clay. 

Magnesium sulfate, or Epsom salts, occurs sparingly in clays, but | 

when present may give rise to the formation of a white coating on 

the surface of the ware. It is commonly found in those clays where 

sulfuric acid, set free by the decomposition of pyrite, has attacked 

magnesium carbonates. The presence of this salt can frequently be 

detected by the bitter taste which it imparts to the clay. 

The chemical effects of magnesia in clays are probably similar to 

those produced by lime. This is not to be taken as absolutely cer 

tain, for magnesia is present in most clays in such small amounts 

as to make its exact action uncertain. 

The range of the percentage of magnesia in the different clays, 

deduced from the analyses given at the end of this report, is as 

follows: 

Quality Min. . Max. Aver. 

ARP CLAVE. Chaise e's 5 'e soe «a ih 02 11.03 “2a 

Patery CLA yA |. MMe sco \p 2k Ware aes 05 4.80 . 85 

Vere Ciaye ¢ ci: vee inten s.* 5 we wee 02 6.25 .513 

Be laa ERO cr aii die “ay, RR nS tr 2.42 295 
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Silica 

Three types of silica may be recognized in clay: 1) quartz; 2) 

that which is combined with alumina and water in kaolinite; 3) that 

which is combined with one or more bases in silicate minerals. In 

chemical analysis the first and third are sometimes grouped together 

under the head of “sand,” or at times erroneously spoken of as 

“free ” silica. The silica included under the term sand is prac- 

tically insoluble in sulfuric acid and caustic soda. This fact is 

utilized in the rational analysis of clay to extract the kaolinite or 

clay substance, which is soluble in sulfuric acid and caustic soda. 

Quartz is present in every clay so far as analysis shows, but in 

variable amounts. Cook* found a minimum of .2%, and gives 

5@ as the average in the Woodbridge fire clays. Wheeler? gives 

the minimum as .5% in the flint clays, and the sand percentage 

as 20%-43% in the St Louis fire clays and 20%-50% in the Loess clays. 

27 samples of Alabama clays analyzed by the writer contained from 

5% to 50% of insoluble residue mostly quartz.* 

In 70 North Carolina‘ clays there were from 15.05% to 70.43% in- 

soluble residue; while in three samples, of which a rational analysis 

was made, the percentage of sand was from 24.55% to 56.58%. The 

quartz varied from 16.58% to 49.06%, with the feldspathic residue 

from 7.52% to 16.05%. 

In European clays similar variations in the amount of sand and 

quartz are observable. Thus a clay from Hainstadt, Germany 

contains 67.03% of quartz (Ziegler Kalender. Berlin 1896), while 

one from Ruppersdorf showed .26%. (Seger’s Ges. Schrift. p. 891) 

The following table gives the variation in the total silica in four 

types of clay: 
Quality Min. Max. Aver. 

Rater elev!) 2S) A ae 34.35 90.87T. 59.27 

Bemeery clays .”.§. 2°27 UO See 45.06 86.98 45.83 

amber ya). 1.82 UT 84.40 96.79 54.804 

MMMM SS 00 i. DISS NG 382.44 81.18 55.44 

1N. J. geol. sur. 1878. Clays of New Jersey, p. 213. 

2 Mo. geol. sur. 1896. 11: 54. 

3 Ala. geol. sur. 1900. Bulletin no. 6. 

4N. C. geol. sur. 1898. Bulletin no. 13, p. 24. 
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The effects of free silica proper, or quartz, and sand on the 

behavior of the clay are to be considered separately. 

Quartz serves as a flux only at high temperatures, viz, 2800° F.; 

but at lower temperatures it tends to increase the refractoriness of 

the clay, and this property is governed somewhat by the size of the 

quartz grains and amount of fluxing material present, which will 

fuse at lower temperatures. 

In connection with the fluxing action of silica at high tem- 

peratures, the following experiments of 'Bischof’s’ may be quoted. 

Mixtures of alumina and silica were made in varying proportions, 

and their fusibility determined. The fusion point of alumina alone 

lies above cone 36, while the fusion point of silica alone is at cone 

35. Bischof found that a mixture of one equivalent of alumina and 

two of silica showed the greatest refractoriness. If the percentage 

of silica increases, the fusibility is gradually lowered, till the mixture 

of one alumina to 17 silica is reached, the fusibility of which is the 

same as cone 80. With an increase of the silica, the refractoriness 

of the mixture again increases up to the fusion point of silica alone. 

Titanvum 

Titanium is probably of more widespread occurrence in clay 

than is commonly imagined. The apparent freedom of the 

clay from this impurity has resulted from the fact that in 

the usual quantitative analysis it is ordinarily overlooked. Its 

source is either the mineral rutile (oxid of titanium) or il- 

menite (the titanium-bearing magnetic oxid of iron), or pos 

sibly titanite. Much more importance has at times been at- 

tached to its presence than is really warranted, and some chem- 

ists, on finding traces of it, delight in dwelling on the important 

influence which it may exert on the properties of a clay. While it 

is present in many clays, the percentage seldom exceeds 1.5% to 29. 

The analyses of 21 New Jersey clays showed it to range from 

1.06% to 1.93%. (Report on clays of N. J. 1878. p. 277) In 

1 Seger. Ges. Schrift. p. 434. 
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the Pennsylvania clays the variation was found to be from .87% to 

4.62%. It probably reaches a far higher amount in bauxites than 

it does in clays, for analyses show a range commonly from 3% to 5%. 

In order to determine definitely what the effect of titanium was, 

Seger and Cramer* mixed two parts of sample of Zettlitz kaolin 

(which has 98.5% of clay substance) with respectively 5% and 10% 

of quartz, and two other samples of the kaolin with respectively 

6.65% and 13% of titanium. These samples were molded into pyra- 

mids which were heated to a temperature above the fusing point of 

iron, with the following results. 

1 Pure Zettlitz kaolin burned to a white, sharp-edged dense body. 

2 100 pts kaolin and 10% silica burned white. 

3 < 5% vi 
4 ie a 6.5% titanium oxid softened on heating 

and showed a blue fracture. 

5 100 pts kaolin and 13.3% titanic oxid fused to a deep blue 

enamel. 

It is therefore seen that titanium acts as a flux at lower tem- 

peratures than silica, and it is suggested that the blue color given to 

some stoneware clays by hard firing may not always be due to iron 

oxid. 

Organic matter 

Organic matter affects not only the color of clay, but also its 

plasticity, absorptive power and tensile strength. 

It generally consists of finely divided pieces of plant tissue, or 

larger pieces of stems and leaves which settled in the clay during 

its deposition. All surface clays contain plant roots in their upper 

layers, but these do not directly influence the color of the clay. 

Clays colored by organic matter and containing no iron burn 

white, as the plant tissue passes off at bright redness; if such a clay 

however be heated too quickly, before all the organic matter has had 

an opportunity to escape from the interior, the surface becomes 

dense, and it remains dark colored. 

1 Seger. Ges. Schrift, p. 411. 
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Organic matter may also mask the presence of iron, so that the 

clay, instead of burning white, would burn red at a temperature 

above that at which the organic matter passes off. Below that 

temperature, though, the vegetable matter would tend to keep the 

iron reduced, and the color would be gray instead of red. 

In most chemical analyses the organic matter is seldom de 

termined separately, but the amount of it can sometimes be judged 

from the ratio between the loss on ignition and amount of alumina 

in the clay. 

Organic matter may increase the plasticity of a clay provided too 

much sand ig not present, in which case a highly carbonaceous clay 

might be very lean. (seé “ Plasticity of clays”, p. 539) 

Water in clay 

All clays contain two kinds of water: 

1 Hygroscopic water, or moisture 

2 Chemically combined water 

Moisture. Clays contain two kinds of moisture: 

1 That which is held in the pores of the clay by capillary at- 

traction. 

2 That which adheres.to the surface of each clay grain as a thin 

film. ; j 

The latter is of little importance practically. 

The former is of importance in connection with the shrinkage 

and plasticity of clays. The amount of total moisture contained in 

_ clays varies within wide limits. In some air-dried clays it may be 

as low as .5%, while in those freshly taken from the bank it may 

reach 30% or 40%. Capillary moisture is absorbed by clays only when 

they are brought into actual contact with water, but that which 

forms a film on the surface of the clay particles is readily absorbed 

by the clay from the atmosphere, and to a certain extent given off 

again as readily, so that some days a brick if left exposed to the 

air would weigh more than on others. The amount of either kind 
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of moisture present in a clay depends on the number and size of the 

spaces between the clay grains, the size of the clay particles, and 

the amount of organic matter present. 

Air drying usually causes the evaporation of most of the water in 

a clay, accompanied by a shrinkage of the mass, which ceases how- 

ever before all the moisture has passed off. The reason for this is 

that the shrinkage of the clay ceases when the particles come in 

contact, which may happen and still leave interstices. These of 

course still contain moisture, and consequently the brick will keep 

on losing weight till not only this interstitial water, but also the 

surface moisture of the particles, is driven off. In practice, it is 

_ this that evaporates during the first period of the burning known as 

“ water-smoking.”” The shrinkage of the clay attendant on drying 

varies,, with the nature of the material, from 2% or 3% to 10% or even 

15%. Itis governed largely by the causes influencing the absorption 

of the clay. 

Sandy clays usually show the least shrinkage, and of this kind 

the coarser grained diminish in size the least. Highly plastic clays 

generally show the highest shrinkage. 

The amount of water which a dry clay needs in order to develop 

its maximum plasticity is a variable quantity. Plastic clays absorb 

large quantities of water, but a lean clay if fine-grained may do 

tHe same. As a very general rule it may be stated that lean clays 

absorb from 12%-20%, while fat clays require anywhere from 

25%-50%; and the more water a clay absorbs, the more it has to part 

with in drying and the greater will be its shrinkage. 

Highly aluminous clays do not always absorb the most water, 

nor are they the most plastic. Some clays low in alumina and high 

in organic matter are not only highly plastic but also absorb a high 

amount of water. : 

Owing to.the high shrinkage of most clays with high absorptive 

power, there is frequently danger of their cracking, if rapidly dried, 

on account of the active disengagement of water vapor. 
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Moisture may play another important and injurious role in the 

working of a clay, in that it tends to dissolve soluble salts in the 

clay, and bring them to the surface in drying, giving rise to the 

formation of efflorescence. It may also permit acids contained in 

the fire gases of the kiln to act on the mineral ingredients of the 

clay and thus form soluble compounds, specially sulfates and 

chlorids. | 

By the addition of water to an air-dried clay, it gradually passes 

from a powdery or lumpy condition to a pasty mass, the tenacious- 

ness of which increases till'the point of maximum plasticity for the 

given clay is reached. If the addition of water be continued, the 

clay gradually passes into a soft mud. In some clays this change 

takes place slowly, in others (specially many residual clays) very 

rapidly. | | 

Combined water is present in every clay. In pure kaolin there is 

nearly 14%, and amounts are found in different clays intermediate 

between this and 3% or 44%. | 

The sources of combined water in clays are either kaolinite, 

limonite, or hydrated silicates; the quantity in different clays can 

be seen from the table of analyses given at the end of the report. 

It is driven off at a low red heat; and when this occurs an addi- 

tional shrinkage takes place, the extent depending on the quantity 

of water present. The shrinkage varies commonly from 2¢-10¢or 

even 144%, 

While the amount of combined water does not seem to stand in 

direct relation to the plasticity of the clay, nevertheless, when it is 

once driven off, the clay can no longer be rendered plastic. 

Methods of analyzing clay 

By H. T. Vulté Ph.D. 

One grain of the dried and finely pulverized clay is fused in a 

platinum crucible with five to 10 times its weight of a mixture of 

11 parts of dry sodium carbonate and 14 parts of dry potassium 

carbonate, the amount of fusion mixture necessary depending on the 
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more or less refractory character of the clay. The fusion is trans- 

ferred to a porcelain casserole, dissolved in water, and the solution 

acidified with hydrochloric acid; the solution is then evaporated to 

dryness, and the casserole with its contents placed in a drying oven 

at 105° to 110° C., and allowed to remain till all the hydrochloric 

acid is expelled. The silica present is thus rendered insoluble. 

Hydrochloric acid and water are now added; the casserole is warmed 

for a few minutes on the water bath and the solution filtered, the 

silica being washed with hot water till the washings are free from 

ehlorin. ‘The silica is then ignited and weighed, and, as it is likely 

to retain small quantities of alumina, it is treated with hydrofluoric 

and sulfuric acids and heated, the silica being thus volatilized as 

silicon tetra-fluorid. The residue from this treatment is weighed, 

and its weight added to that of the alumina subsequently found. 

If the original fusion of the clay showed little or no green color, 

the filtrate from the silica is treated with a slight excess of ammonia, 

and the solution boiled for a short time to expel the excess. The 

solution is then filtered, the precipitate dissolved in dilute hydro- 

chloric acid, and reprecipitated in the same way; filtered out, 

washed and then ignited and weighed, giving the amount of 

alumina and iron (as Fe, O,) present. The combined filtrates from 

the iron and alumina, which should be concentrated to about 200 ec, 

are heated to boiling and about 25ce of sat sol. of ammonium 

oxalate added, and the boiling continued for two or three minutes 

longer, when the heat is removed and sufficient ammonia added to 

render the solution strongly alkaline. The precipitate is allowed to 

settle, and the supernatant liquid decanted off as closely as possible 

through a filter; hydrochloric acid is then added to the precipitate 

to dissolve it, and then sufficient ammonia to reprecipitate it. It is 

then washed on to the filter; washed; ignited with sulfuric acid, 

and weighed as calcium sulfate. The filtrate receives a farther 

addition of ammonia and of hydrodisodic phosphate, is well stirred, 

allowed to stand for some hours in the cold, when the magnesium 

precipitate is filtered out, washed with ammonia, ignited and 

weighed. . 
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In case manganese is present, the filtrate from the silica is neu- 

tralized as closely as possible, sodium acetate solution added, the 

solution diluted largely, and boiled for about a minute and filtered 

as rapidly as possible, the precipitate washed with boiling water, 

redissolved in dilute hydrochloric acid and reprecipitated im the 

same way, washed, ignited and weighed as Fe,O; and Al1,Os. 

The combined filtrates from the iron and alumina are evaporated 

to about 300 ce, bromin water added and the-solution boiled, when 

the manganese is precipitated as MnO. This is filtered out, dis- 

solved in a little dilute hydrochloric acid, a solution of microcosmic 

salt added, the solution heated to boiling and then ammonia added 

to exact neutrality, any excess of ammonia being removed by heat- 

ing on the water bath. The precipitate of manganese ammonium 

phosphate is filtered out, ignited and weighed as Mn,P,0, The 

filtrate from the manganese precipitation is acidified with hydro- 

chlorice acid, boiled for a short time, and then treated in the same 

way as when manganese was absent, for the determination of lime 

and magnesia. 

For the determination of alkalis one grain of clay is mixed by 

grinding in an agate mortar with one grain of granular ammonium 

chlorid and eight grains of pure calcium carbonate, the mixture 

transferred to a platinum crucible with a well fitting lid and slowly 

heated to decompose the ammonium chlorid, then heated to redness 

and the bottom of the crucible kept at a bright red for about an 

hour. The contents of the crucible are transferred to a porcelain 

casserole with about 80cc of water and heated to boiling; this is 

then filtered and to the filtrate, after evaporation to small bulk, 

about one and one half grams of pure ammonium carbonate is added 

and the solution heated nearly to boiling and filtered into a platinum 

dish, evaporated nearly to dryness,a little more ammonium carbonate ~ 

added and the evaporation finished on the water bath. If the last 

addition of ammonium carbonate produced a precipitate, the residue 

in the dish is dissolved in a little water and filtered into another 

platinum dish, where it is evaporated into dryness and ammonia 



CLAYS OF NEW YORK 533 

salts driven out by heat. The residue is dissolved in water, filtered 

into a weighed platinum dish, evaporated, dried and weighed as Na 

Cl+K Cl. If the last addition of ammonium carbonate failed to 

produce a precipitate, the transfer to another dish may be dispensed 

with and the ammonia salts driven off at once. 

Rational analysis 

It is a common custom of the manufacturers of porcelain, white 

earthenware, fire brick, and other refractory goods — in fact of all 

products made from high grades of clay—to use the rational 

analysis as a guide in making up their mixtures and keeping them 

constant. The advantage of this analytical method is that it re- 

solves the clay into its mineral components, and enables us thereby 

to get an insight into the physical character of the material used, 

which is frequently a matter of far greater importance than its 

chemical composition. 

The ordinary quantitative or ultimate chemical analysis regards 

the clay as a mixture of oxids of the elements, though they may be 

present in entirely different combinations, such as silicates, carbon- 

ates or hydrates, sulfates, ete. This condition of combination is 

of importance, for it may make a vast difference whether a material 

is present as a silicate or a carbonate. Silica if present as quartz 

will decrease the shrinkage and up to certain temperatures increase 

the refractoriness, but if present in the clay as a component of feld- 

spar it serves the purpose of a flux and somewhat increases the 

plasticity. ee . 

It is not intended, though, that the rational analysis should en- 

tirely supplant the ultimate, for this is not possible, as each serves 

its own purpose. The ultimate analysis may be used to supply in- 

formation on the following points: 

1 The purity of the clay, showing the proportions of silica, 

alumina, combined water, and fluxing impurities. 

2 The refractoriness of the clay, for, other things being equal, 

the greater the total sum of fluxing impurities the more fusible the 

clay. 



5384 NEW YORK STATE MUSEUM 

3 The color to which the clay burns. This may also be judged 

approximately, for the greater the amount of iron present the deeper 

red will the clay burn, provided the iron is evenly and finely dis- 

tributed and an excess of lime is not contained in the clay. If the 

proportion of iron to lime is as 1 to 3, then a buff product results, 

provided the clay is heated to incipient fusion or vitrification. The 
above conditions will be affected by a reducing atmosphere in burn- 

ing or the presence of sulfur in the fire gases. 

4 The quantity of combined water. Clays with a large amount 

of combined water sometimes exhibit a tendency to crack in burn- 

ing. This combined water would be shown in the chemical 

analysis. . | . 7 

5 Excess of silica. <A large excess of silica would indicate a sandy 

clay. : : 

These are practically all the points which the ultimate analysis 

explains, and they are mostly of a chemical nature. As regards the 

rational analysis, it may be carried out in a simple way or an 

elaborate one. | 

Most kaolins and other high grade clays consist only of kaolinite, 

quartz and feldspar, the kaolinite forming the finest particles of 

the mass, while the balance is quartz, feldspar, and perhaps some 

mica. ‘The finest particles are known as the clay substance, which 

may be looked on as having the properties of kaolinite, for the 

latter is present in it in such a large excess. Now as each of these 

three components of the kaolin — clay substance, quartz and feld- 

spar — have characteristic properties, the kaolin will vary in its 

behavior according as one or the other of these constituents pre- 

dominates or tends to increase. 

As to the characters of these three. Quartz is nearly infusible, 

nonplastic, has very little shrinkage, and is of low tensile strength; 

feldspar is easily fusible and of low plasticity by itself; kaolinite is 

plastic and quite refractory, but shrinks considerably in burning. 

In Europe, specially Germany, the custom has been to disregard 

mica and figure it in as clay substance, partly because there was so 
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little of it, and partly because it was thought to be like kaolinite in 

its behavior. Where the mica percentage is very low, say 1% or 2% 

and is in a very finely divided condition, it can be neglected, but 

where it reaches 5% or more it does not seem proper to class it as 

clay substance, for the reason that mica tends to decrease the plas- 

ticity, which effect is greater the coarser the mica. It does resem- 

ble kaolinite in refractoriness. In many of our washed kaolins 

now on the market there is very little mica, but some contain 

82-10%, which does not always yield to sulfuric acid treatment. 

If now a kaolin containing clay substance, quartz and feldspar 

be treated first with sulfuric acid, the kaolinite is decomposed into 

sulfate of alumina and hydrous silica. The former is soluble in 

water, the latter is removed by subsequent treatment with caustic 

soda, and we have the insoluble residue consisting of quartz and 

feldspar. In this residue the alumina is determined, and from this 

the amount of feldspar is calculated, viz: 

408 SD BSE 25 B13 ox 
molec. wt molec. wt weight of 
alumina orthoclase alumina 

This is subtracted from the insoluble residue, and the differ- 

ence is the quartz. 

There is still another way of conducting a rational analysis, 

which is chiefly applicable when the clay contains other minerals 

beside the kaolinite, feldspar and quartz, such as carbonate of 

lime and magnesia, and appreciable amounts of ferric oxid and 

such mica as is attacked by sulfuric acid. This second method is 

Seger’s method as elaborated by Langenbeck, and may be illus- 

trated by the following example, a fire clay from Ohio. 
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Analysis of fire clay from Ohio 

1 2 
Total Insoluble 

analysis inH SO, 

— 

Per cent — Per cent 

A RR eee a MAE Ep et Vp aoe nal fags GAG. hue 18.91 53.30 
BOSS DORR SA) ROL ee ., Gece a wt 14.56 2.35 
pe” A Rigen PAR one Haba SRC OTT SMa MPR ei Me 4.79 39 
Ey Rigi Ali ae ae! Hilal A Rar te ital et Yael 3 3 15 
MRO POR EET NEL) PRS eae 1/OF 05 
NR Nit Site ete stein... ices ce kihigsd. bin te eh Ma ea al 1.75 17.4% 
sl ON De AG i Read Ree na pre R p GeS C C 1.16. | Saaeee 
MAOH ON Te Se ee a: eee ee eee: 3.70 (ee 

ET eH ae ee ee DE CMSA Bee et ae ee 100.75 60.03 

The insoluble residue consists of quartz, feldspar, and perhaps 

traces of silicate minerals approaching feldspar in composition. 

In orthoclase (the common feldspar) the amount of silica is about 

3.51 times that of alumina. Therefore, the alumina of the insolu- 

ble portion multiplied by 3.51 gives the silica of the feldspar, 

which, subtracted from the total silica of residue, leaves the silica 

present as quartz. Thus, in the column 2, above, we have: 

Silica 
Per cent 

Es Po eT eee ROMO DEM aes ‘» (Bee 

TAR a ke eee Sa ee ee 9.50 

PO ee ie ENA ao Resa od oath eo ge 2.20 

Ber een peldapar...c.icad id «sd eneictie ics yea ee 12.80 

Subtracting this from the total insoluble residue gives the 

amount of quartz. 

As the clay substance, mica and ferric oxid are the soluble 

portion of the clay, their total composition is obtained by subtract- 
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ing the insoluble residue (r) from the total analysis, thus ob- 

taining: 
Per cent 

ul CER lene ob der Noe a para a vi eee a” fe ae 17.83 

Se tir Shs RU OT ONS eS es 12.21 

DEA AG ser GS Ge Lear atoo oii de it eo et 4 40 

et Tyner eh crt oy. gyal late gl dhgiasd oO mb! ule ola 36 

ec chea ca ls cle ciyh Ky i iain ares wim oyna + 1.02 

RSI RR So 

NI See gee a Eber oa 7 

MENA ANeun to Raley YE SU legs le. eee 3.70 

If we take the average composition of mica (including muscovite 

and biotite) as: SiO,, 50%; Al,O,, 32%; alkalis, 107%; and other 

fluxes, 8%, then we have: 
Per cent 

mene et) bee peepee ls 3.84 Al.O, 
_ SS SGETES et pe me Meer edt eee ~ 6.00 SiO, 
Peter. Le rial Po SUS eae 1.20 alkalis 

ON Se ae oe ae ee Ree ee .50 magnesia 

RR ee .46 iron 

Substracting column 4 from 3 gives us clay substance and ferric 

oxid: 
Per cent 

a eee Ret cae tte 11.83 
Beeree td cides) bap wigadainda cr tam, 4 8.37 
EMRE Ml bosses leo. ar owain wea eelh Joceieg but 3.94 

racy this a dee resem We lodird ot ag cig se BBA Reda (iad ad a> 36 

©) cM ORR ea Or Pp on 9k gee ee 52 
NN as a ak ALOR en Lai Ung ga wid ce 3.70 

OEMs seats Si ake eee a ielte Ak daes «6 28.72 

By this operation the clay has been resolved into: 
Per cent 

BEEN 3.55.00. DUS PU die tO. Koka it 47 .23 

Bemmenneciiito .30,)..ch SLAC ete ees ivi |, 12.80 

Pt ees eo) 60S Jobe ee, rem dour Ob y.% 11.84 

MMC 60655 5s Sart Lhd Bald OD dices 3.94 

nee.) Suge kis PENI ANNE. O14 24.78 



538 NEW YORK STATE MUSEUM 

Whether it will be of practical advantage to carry out a rational 

analysis to this extent still remains to be seen. In its simpler form, . 

however, when applied to high grade clays, the rational analysis has 

been found to possess great practical value, owing to the fact that if 

two clays have the same rational composition they will, other things 

being equal, behave much alike when burned. This fact is made 

use of by the potter, for example, in the preparation of his porcelain 

or white earthenware mixture, also by manufacturers of encaustic | 

tiles, fire brick, ete. 

To illustrate this point we may take the manufacture of porce- 

lain. Porcelain is made from a mixture of kaolin, quartz and 

feldspar. Suppose that we are using for the manufacture of porce- 

lain or fire brick a kaolin which has 67.82% of clay substance, 

30.93 of quartz, and 1.25 of feldspar, and that to 100 parts of this 

are added 50 parts of feldspar. This would give us a mixture of 

45.21% of clay substance, 20.62 of quartz, and 84.17 of feldspar. 

If now for the clay we had been using we substituted one with 

66.38% of clay substance, 15.61 of quartz, and 18.91 of feldspar, 

and made no other changes, the mixture would then contain 44.22% 

of clay substance, 10.41 of quartz, and 45.98 of feldspar. 

This last mixture shows such an increase in feldspar that it must 

give much greater shrinkage and fusibility; but, knowing the 

rational analysis of the new clay, it would be easy, by making a 

simple calculation, to ascertain how much quartz or feldspar should 

be added to bring the mixture back to its normal composition. 

Physical properties 

These properties are fully as important as the chemical, if not 

more, plasticity for instance being one of the two characters in 

clay which make it of such inestimable value to man. Similarity 

in chemical composition counts for little in the comparison of two 

clays, if they do not agree in physical characters. 

The physical properties of the most importance from a practical 

standpoint are plasticity, fusibility, shrinkage, tensile strength, 

slaking, absorption and density. 
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Plasticity 

This property permits the clay to be molded into any desired 

form when wet, which shape it retains when dry. 

Just what the cause of plasticity is, remains to be proven with 

certainty. We find this property best developed in the pasty clay, 

_ but even here it is exceedingly variable, and it is possible to col- 

lect a series of samples showing all grades of transition from a 

very plastic clay to a mass of sand, which would not ordinarily be 

looked on as plastic, and yet does possess a slight amount of pasti- 

ness resembling plasticity, if ground very fine. We can not say, 

therefore, that plasticity is confined to clay, but simply that the 

physical conditions existing within a mass of clay are such as tend 

to produce the maximum degree of tenacity, the highest grade of 

plasticity. | 

Many theories have been advanced to explain this remarkable 

property. For a long time plasticity was supposed to be directly 

connected with the hydrated silicate of alumina, or kaolinite; clays 

high in kaolinite were said to be very plastic. This is plainly not 

true, as any series of clays tested will demonstrate. Pure or nearly 

pure kaolins are very lean, while clays low in kaolinite may be 

highly plastic. 

Prof. G. H. Cook* considered plasticity to be due to a plate 

structure present in the clay, the plates sliding over each other 

and thus permitting mobility in the mass without cracking. He 

farther found that in the kaolins the plates of kaolinite were fre- 

quently collected in little bunches, and that, after these clays were 

rubbed in a mortar, in order to tear apart the plates, they showed 

increased plasticity. 

There seems to be much to commend this theory as far as it 

goes. Compare for example the white washed kaolin from Dills- 

boro, N. C., with the washed, white plastic clay from Edgar, Fla., 

the one a residual clay, found just where it was formed, the other 

1N. J. Geol. sur. 1878. Clays of New Jersey. 
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a transported or sedimentary clay which has been washed down 

to its presert resting-place. Im transit, the particles have been 

ground apart naturally, either by rubbing against one another or 

between the white quartz pebbles scattered so plentifully through 

the clay. 

These two clays are practically identical in their composition, 

as can be seen from the two following analyses. 

Edgar, Dillsboro, 
Fla. N--¢: 

2 9 RSE SP RN, ee cee eer ee a 45.39 43.90 
£4 8 GRR Re aia DPE WED Deane RUNGE RRENTEY “FEN FT PRS 39. La 40.66 
i, ETE MEG ETD SRR OEP eT Ree etree Pi 14 

Dad areis sayela a ace & AS 2 YOR RAs s Wee nmielecele <a L 

EE oe ccd ee om aire ct hen Hee eel ee chiatric ie 29 tr 
BR wa ale in etek 30 Sates lia Tages SARS 5 a eS 83 46 
Oe st ee i Huet es Soy Peo Be est ert 14.01 14.84 

100.61 | 100.00 

Physically, there is a marked difference, the Edgar clay being 

decidedly plastic, the Dillsboro clay being very lean. This plate 

theory would suggest therefore that plasticity was due to capil- 

larity, the force of surface tension tending to hold the plates 

together, but not interfering with their gliding motion. 

The one objection to explaining plasticity entirely by the fore- 

going theory rests on the fact that not all minerals occurring in © 

clay are scaly, and that neither scaly kaolinite nor even scaly mica 

predominates in all clays. 

Clays may be said to have two classes of particles, viz, plastic 

and nonplastic, the latter being the sandy grains. 

: Olchewsky* was probably the first to suggest that the plasticity 

and cohesion of a clay are dependent on the interlocking of the clay 

particles and kaolinite plates, and in this connection used the 

briquet method of testing the plasticity, or rather obtaining a 

1ToOpf. u. Zieg. Zeit. 1882. no. 29. 
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numeric expression of it by testing the tensile strength of the air- 

_ dried clay. 

The same opinion was held by two Russian investigators, W. 

Aleksiejew and P. A. Oremiatschenski,t who hold that plasticity 

is not only due to the interlocking of the clay particles, but varies 

also with the fineness of the grains, the extreme coarse and extreme 

fine ones having inferior plasticity. 

In this country Wheeler’s work on the Missouri clays has sub- 

stantiated these views.2_ Experiments by the writer on the clays of 

North Carolina, Alabama, New York and other states incline him 

toward the idea that there may be much in this theory. It 

seems very probable that the true explanation will be obtained by 

combining Cook’s and Olchewsky’s theory. 

Interlocking of the grains no doubt has much to do with the 

tenacity exhibited by highly plastic clays, but the gliding of the 

particles is probably explained by the circumstance that such 

movement offers the least resistance to surface tension. 

Tensile strength, however, seems to be more affected by size of 

grain than plasticity is. Finegrained clays seldom show high 

tensile strength, whereas some fine-grained clays show high plas- 

ticity. That a certain relation appears to exist between plasticity 

and tensile strength, and that the former does not necessarily in- 

crease with the amount of kaolinite (or indirectly alumina) pres- 

ent are shown by the following tests of some North Carolina 

clays. 
Tensile strength in 
pounds per sq. in. 

Per cent of 
alumina Average Maximum 

Roanoke Rapids plastic clay ........ 16.09 206 218 

Reaetiod kaolin’! 72.) EEL, AEN, PS: 40.61 20 22 

_ Spoutsprings fine-grained clay ...... 32.51 24 29 

While this relation between tensile strength and plasticity seems 

to hold good in a large majority of clays, still it can not be said 

1 Zap. imp. russk. techn. —S 1896. 80, pt 6-7. 
* Missouri geol. sur. 1897. 11 
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that it is the rule, and that high tensile strength always denotes 

high plasticity. There are clays running low in their tensile 

strength that, exhibit marked plasticity, as for example some of the 

New Jersey clays, or some English ball-clays, but on the other 

hand it can be said that probably no clay of low plasticity has 

high tensile strength. 

A means of measuring the plasticity of a clay and expressing it 

numerically for purposes of comparison has been the one aim of 

clay technologists. Several methods have been suggested, none 

meeting with universal, and few with even partial adoption. One 

of the more important is testing with Vicat’s needle. 

The clay is reduced with water to a mass of the proper con- 

sistency for. ordinary working. It is then forced into a metal 

ring, and the resistance which it offers to a steel wire of given 

size under known pressure is noted. This method is followed in 

cement testing, and the apparatus is known as Vicat’s needle. It 

gives the most satisfaction for comparative testing, that is for de- 

termining the relative plasticities of several clays examined at the 

same time. | 

A second method is to mold the plastic clay in a briquet 

mold similar to that used in testing cement, care being taken that 

the clay briquet is homogeneous throughout and contains no 

flaws. It is then allowed to dry thoroughly, and subsequently 

pulled apart in a cement testing machine, the tensile strength being 

expressed in pounds per square inch. As the clay shrinks in dry- 

ing, it 1s necessary to measure the cross-section of the briquet be- 

fore breaking it, and to calculate from this the strength of a 

briquet whose cross-section 1s one square inch. | 

Another method is to form the plastic clay into a cylinder, 

which is placed horizontally in a semicircular channel of the same 

diameter, and so arranged that a wire can be laid across it at right 

angles. A weight is attached to the wire, and the time which is 

required for the wire to cut through the clay observed.* 

1¢, F. Binns. Ceramic technology, p. 85. 
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A fourth plan is to press the mixed clay into a form of given 

thickness, and then bring a metal cylinder to bear on the upper 

surface. This cylinder can be weighed, and the weight be noted 

which has to be added in order to force the cylinder through the 

clay in a given time; or the determination may be made by measur- 

ing the amount of water mixed with the clay in order to produce 

_ the proper consistency to permit the passage of the cylinder through 

the clay in a certain time under given pressure. 

Olchewsky’* states that the amount required for lean clays is 

as low as 17%, while for very plastic clays it is not uncommonly 50%. 

Bischof has suggested forcing the wet clay from a circular open- 

ing in the lower end of a vertical cylinder, and observing the length 

of the clay which would issue before the mass broke. This is not, 

however, an accurate method. | 

The difference in plasticity between residual and sedimentary 

clays is dwelt on by Seger, who says: 

In clays which show a mixture of plastic and nonplastic parti- 
cles the degree of plasticity depends on the relations existing be 
tween the two. We also know that the true clay substance [meaning 
kaolinite], even when of constant composition, may show con- 
siderable variation in plasticity. One clay substance may be lean 
and permit of very little admixture of nonplastic particles, while 
another may be very fat and permit considerable material being 
mixed in, and still be not only plastic but dry to a hard mass. The 
former case is generally to be found in residual clays, the latter 
in sedimentary. 

Seger considered it unsettled whether this is due to a finer 

state of division, or the introduction of plastic particles not derived 

from the feldspar. : 7 

The degree of hardness which clays assume on drying also stands 

in direct relation to the plasticity. Slightly plastic kaolins when 

dry give only a loosely knit mass. This point as well was com- 

mented on by Seger in comparing two clays of nearly the same com- 

1Post. Chem. tech. analyse. 1890. v. 2, pt 1, p. 43. 
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position but different plasticity; viz, washed Zettlitz kaolin and ~ 

plastic refractory clay from Mihlheim, near Coblenz. Both have 

only a small admixture of quartz sand, viz, about 144, the balance 

being nearly pure clay substance, while in the percentage of ferric 

oxid they differ by only 1%. 

Briquets (air-dried) of the Zettlitz kaolin were loose, and vate 

easily, while their porosity was 42%. Those of the Milheim 

clay were hard, and showed only 28% porosity. If both are heated, 

the latter gets thoroughly dense at 1100°— 1150° C©., while the 

kaolin retains its porosity up to a high temperature. The exhibi- 

tion of density by kaolin is not to be regarded as even the be-~ 

ginning of fusion, for the clay, after assuming it, retains it unaltered 

up to.a high temperature. Many plastic and hard drying clays act 

in this respect like the Miihlheim material; they sinter however at 

a much lower temperature. } 

For the manufacture of glass pots, this is of high importance; 

for it is not the most refractory clays that are the best, but those 

which burn dense at a low temperature, and are consequently less 

attacked by the molten glass. 

The same is true of brick used in coke ovens holding coal with 

soluble salts. | | 

Plasticity, whatever its cause, 1s an important property ee a 

commercial standpoint, and interesting from a scientific one. 

The amount of water required to develop the maximum plasticity | 

varies. If too little is added, the clay cracks in molding and is 

stiff and hard to work. If too much water is used, the paste be- 

comes soft and retains its shape with difficulty. Lean clays usually 

require less water to produce a workable mass than fat ones. 

Tensile strength 

The tensile strength or binding power of a clay often stands in 

relation to its plasticity, but not always. It is, however, an im- | 

portant property, and exerts an important effect in connection with 

the cracking in drying. One way of testing the tensile strength 

is the briquet method mentioned under “ Plasticity,” p. 539. 
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Another method requires that the clay be formed into a bar of 

known cross-section. When dried, the bar is held in a horizontal 

position by supports under the two ends, and the weight noted 

which is needed to cross-break it when the pressure is applied to 

the central portion of the bar. 

An objection to this method is that very plastic clays are apt 

to develop structural peculiarities, which cause their tensile strength 

to appear much lower than it really is. In such cases, it has been 

suggested that the clay be pulverized and mixed with an equal 

quantity of fine sand. If when made into. briquets this mixture 

shows a higher tensile strength than the clay alone, it is an indi- 

cation that the low tenacity of the original clay was due to flaws. 

The tensile strength of air-dried clays is highly variable. The 

following figures may be taken as representing the average for 

different clays, in pounds per square inch. 

Pounds 

ESN ERG aoe SMEs og) PARLOR ee Rae 5- 15 

Re MM ote SiG Sy ALP eS ctarej ab obs 9) 60- 75 or even 100 

MP CUNY A 2) srbidyeiste deh GW Meidieele yee > 150-175 

Boeinie very: plastic clays. 2.0... isk 6 lel 200-300 

Shrinkage 

All clays shrink in drying, and again in burning. The first is 

known as air, the second as fire shrinkage. Some clays shrink 

more in drying, others in burning, consequently the amount is 

variable. 

Air shrinkage depends partly on the amount of water absorbed, 

and partly on the grain or texture of the clay. 

Air shrinkage. As soon as evaporation of water takes place 

from a clay, it begins to shrink, and within certain limits, the 

greater the amount of water absorbed, the greater the air shrink- 

age. Plastic clays show this property in a marked degree. The 

shrinkage continues till all the clay particles are in contact with 
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one another, but this does not mean that all the mechanically com- 

bined water has passed off, for there may remain spaces which hold 

some. Consequently a clay will continue to lose weight after the 

air shrinkage has ceased. This fact is shown by the following 

tests made on samples of clay of New York state. 

A sample of soft, moderately plastie shale was mixed with water 

and molded into briquets and then allowed to dry. 

; Weight 
When molded Air in 

shrinkage grams 

When molded...... OTe ehO Ny me een ye eeu eae te 4 

iad ham + dareli« luysedubes ob rented if Boatoeeen Bp 14% 38.030 

Had Otte) day ).paysroiwin PENNE e Re YEE? 1 SB FE wet Le 2% 37.616 

Fe REG ress aE ee me nRET SW mI DUPE Ee ONE Acker I BPE Poe ROY EDR! Tre 2%... caieoe 

Bad OS dip Gutns gic h sade eon Pres oe, 29% 37.496 

Coarse-grained clays commonly shrink less than the fine-grained; 

they may at the same time absorb as much water. Having larger 

pores, they will permit the water to escape more rapidly, and 

hence can often be dried more quickly than fine-grained clays, 

from which the water, on account of the smallness of the pores, 

can not escape so quickly. Again, if fine-grained clays are dried 

rapidly, the surface shrinks more quickly than the interior, and 

cracking may ensue, more specially if the clay has a low tensile 

strength, or if it is highly plastic. 

Air shrinkage begins as soon as the clay is molded and set out to 

dry, at first taking place very rapidly, but with decreasing speed. 

It is in nearly all cases completed before the brick or wares are © 

placed in the kiln. The final traces of moisture are not driven 

off, however, till the first stages of burning. 

Fire shrinkage. This generally commences when the combined 

water begins to pass off, or at about 1200° F. It varies in differ- 

ent clays and may reach any point between 2% and 15%. 

_ The shrinkage in burning may be just as variable as that in dry- 

ing; it does not depend on the same causes but is influenced by the 

temperature to which the clay is exposed, percentage of combined 

water and organic matter. 
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It sometimes happens that the clay, instead of shrinking dur- 

ing the burning, appears to expand, and this is specially the case 

in very quartzose clays, for the quartz has the property of expanding 

at high temperatures. If the clay contains a large amount of 

quartz, the expansion of the latter will not only tend to decrease 

the shrinkage but may even counteract it and cause the clay to 

expand. This may sometimes account for the presence of cracks in 

the burned ware. 

As the addition of quartz to diminish shrinkage also tends to 

decrease the tensile strength of the clay, there will be a certain 

limit in each case beyond which the addition of quartz must not 

proceed, otherwise the clay will not hold together in molding or 

drying. : 
Organic matter and combined water tend to increase the shrink- 

age in burning, but lime has the opposite tendency, some calcareous 

clays even appearing to swell. 

Clays containing a large amount of feldspar will, instead of 

showing a steady shrinkage up to the temperature of complete 

vitrification or sintering, often exhibit a temporary increase of 

volume when the fusing point of the feldspar (about 2300° F. for 

orthoclase) is reached. 

The shrinkage of most clays in burning does not proceed regu- 

larly and steadily to the temperature of vitrification, for some reach 

their maximum density at a comparatively low temperature, far 

below that at which they vitrify. 

Between the points at which the moisture has ceased coming 

off and that at which the combined water begins to escape, the 

clay shrinks little or none at all; consequently the heat can be 

raised rapidly in this interval, but above and below these two 

points it must proceed slowly to prevent cracking or warping of 

the ware. 
Method of counteracting shrinkage 

As many clays shrink to such an extent in drying that they 

erack, it is often found necessary to add materials that will prevent 
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this. Such substances go under the collective name of grogs, 

and may include sand, ground bricks, coke, graphite, ete. 

Grogs serve to prevent cracking in both burning and drying. 

They also tend to prevent the blistering of easily fusible, ferrugin- 

ous clays when fired hard. They furthermore add to the 

porosity of the ware and thus facilitate the escape of the moisture 

in drying and in the early stages of burning, and also enable the 

product to withstand sudden changes of temperature. Grogs may 

however act as fluxes at high temperatures; the finer = 8708, the 

more intense will be this action. 

If the grog is to decrease the shrinkage in drying and burning, 

it must not be added in the form of powder, but as grains, and 

even in this case, the grains must not exceed a certain size, other- 

wise they will only. serve to increase the tearing of the wares in 

drying and burning. The cause of this lies in the fact that the 

grog itself does not as a rule shrink, and if in any one place the 

clay substance shrinks to such an extent that it can no longer sur- 

round the particle of erog, the latter will act as a wedge, tearing 

the grains apart, and a crack will be started. If this action shows 

itself in the raw material, it can be eliminated by the addition 

of powdered grog. When this is not possible, the coarse particles 

must either be removed or reduced by crushing. 

Sand. This is the form of grog commonly found in nature and 

most frequently used artificially. Sand as it occurs in nature is 

commonly composed of mineral grains, representing a variety of 

species. Pure quartz is of course the most desirable, but quartz sands 

generally contain impurities, which at times may be sufficient to pre- 

vent their use for certain purposes. Clay impurities might be 

washed out, but, as others like feldspar, calcite, etce., could not be 

removed by washing, the best way to obtain clean quartz sand is 

to crush up vein quartz, or quartzite. An advantage connected 

with this type of sand is that the grains have an angular structure, 

whereas grains of natural sand, being usually of sedimentary origin, 

have a rounded form, and will not interlock as well. In addition 

¢ 
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to quartz sand, both artificial and natural flint, which is the 

amorphous form of quartz, often furnishes a grog of splendid 

purity. Quartz when exposed to high temperature gradually passes 

from a crystalline to an amorphous condition and in so doing ex- 

pands. 

The more nearly round the grains of sand, the greater will be 

the interstitial space. In the case of quartz sand this amounts to 

35% or 40%. In fine mica sand (glazing sand, for instance) it may 

reach 50%; and the more mica that is mixed with quartz sand the 

greater is the amount of interstitial space, and the lighter the 

weight. | 

Diimmler gives the following figures for one liter of sand, the 

material in each case being compacted by shaking and jarring. 

One liter common moist sand, 1.61 kilograms. 

One liter fine quartz sand, 1.57 kg.; porosity, 35% to 40%. 

One liter fine chamotte flour from hard burned material, 1.43 kg.; 

porosity, 45%. 

One liter mica sand (glazing sand), 1.30 kg.; porosity, about 

50%. 

One liter of the finest ground quartz or feldspar flour, 1.16 kg.; 

porosity, about 56%. 

 Chamotte. This is the term applied to burned clay. It pos- 

sesses all the advantages of quartz as a diluent of the shrinkage, 

but has the advantage over it that it does not affect the fusibility of 

the clay, or swell with an increase of temperature. Hence, it does 

‘not tend to loosen the structure of the finished product. The clay 

used for this purpose must be burned to such an extent that it will 

not shrink on being farther subjected to heat. The degree to which 

this burned clay is ground depends on the use to which it is put; for, 

to produce a porous body, it is not ground as fine as it would be if a 

dense one were to be made. The burned clay used for this purpose 

can either be ground up bits of broken ware, or can be clay 

specially burned for this use. Through the hard burning of clay, 

or the repeated burning of some wares, as in the case of retorts, the 

1 Deutscher ziegler-kalender, 1898, p. 81. 
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shrinkage of the clay is not only arrested, but the alkalis are also 

volatilized, whereby the hard burned clay becomes more refractory. 

This is the case in Belgium, where the clay used as chamotte is 

burned twice. (Bischof. 2d ed. p. 265) 

In the case that cast off wares are used, it 1s necessary to see 

that the pieces have not become impure by any slagging action 

that may have taken place in the kiln. Powdered fire bricks are 

sometimes used as chamotte. 

Graphite and coke. These are materials that are often added 

to clay to increase the refractoriness, but they also serve the pur- 

pose of imparting to the ware a greater heat conductivity and 

making it more resistant to changes of temperature. It is this 

last property that makes a mixture of clay and graphite specially 

adapted to the manufacture of crucibles. The graphite should con- 

tain 90% or more of carbon. It should also be intimately mixed 

with the clay. | 

Coke is sometimes used instead of graphite, but is less refrac- 

tory, and works best in materials which in use are not in contact — 

with the air. 

Sawdust. This also acts as a diluent but, unlike the others, burns 

when subjected to a high temperature, and leaves a cavity behind. 

It is therefore necessary that the particles should not only be small, 

but of even size. Sawdust and similar substances leave more or less 

ash behind, whose mineral constituents may act as fluxes. As, 

owing to the formation of these pores, the clay may be somewhat 

weakened or loosened, it is necessary that only very plastic clays or 

those of high tensile strength should be used. | 

Fusibility 

Change on heating. In the heating of a clay, or subjecting it to 

a gradually rising temperature, it not only shrinks but begins to 

harden. If raised only to a temperature sufficient to drive off all 

moisture, the clay will still be soft enough to permit its being 

scratched with the finger nail. If the temperature is raised still 
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farther, the combined water begins to pass off at a dull red heat, 

and the clay shrinks to an additional extent, becoming not only 

harder but denser, till it reaches a condition approaching imper- 

viousness, and a hardness of about 6. (See scale of hardness, p. 

855) This condition of hardness commonly indicates the beginning 

of fusion, not of the whole clay mass, but of the more fusible con- 

stituents, which soften slightly and bind the whole,together. It 

is called the stage of incipient fusion. In clays that have been 

burned to this condition, the clay particles are commonly still 

_ recognizable. 

With an increase of the temperature ranging from 50° to 

200° F., or sometimes even more, an additional amount of shrinkage 

occurs, and most or all of the particles have become sufficiently 

soft to allow their adjustment to the most compact condition, leav- 

ing no interspaces, or, in other words, making the burned clay im- 

pervious. This is spoken of as vitrification, and brick or other clay 

products burned to this stage are vitrified or completely sintered. 

The particles are no longer recognizable, and‘the maximum shrink- 

age has been reached. With a farther rise in temperature the clay 

becomes viscous or flows. 

We can therefore recognize three stages in the burning of a 

clay: 

Incipient fusion * 

Vitrification 

Viscosity 

The three stages are not by any means sharply marked, they do 

not show the same difference in temperature, nor does incipient 

fusion begin at the same temperature in all clays. 

In general we can say, that other things being equal, the greater 

the percentage of total fluxes, the lower the temperature of in- 

cipient fusion, vitrification and viscosity. 

The difference in temperature between incipient fusion and 

viscosity varies with the composition of the clay. In calcareous 

1 These three terms have been suggested by H. A. Wheeler. Vitrified pav- 

ing brick, p. 12. 1895. 
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clays they may not be over 50° F. apart, while in refractory clays 

they are separated sometimes by an interval of 700° or 

800° F. The glass pot clays approach the latter condition. The 

majority of clays show a difference of 200°-400° between the 

points of incipient fusion and viscosity. 

The practical bearing of this will be easily seen, when one re- 

members that in the manufacture of many kinds of clay products, 

the body has to be vitrified. Consequently the greater the differ- 

ence between the temperature of vitrification and that of viscosity, 

the easier will it be to bring a kiln of ware up to the one without 

overstepping it and reaching the other, for kilns can not be regu- 

lated within a range of a few degrees of temperature. 

In many clays the point of vitrification is midway between in- 

cipient fusion and viscosity, but in others it is not. 

Temperature of fusion. The fusibility of a clay depends on: 

1 The amount of fluxes 

2 The size of the grain of the refractory and nonrefractory con- 

stituents : 

8 The condition of the fire, whether oxidizing or reducing 

All the fluxing impurities do not act with the same intensity. 

Fine-grained clays fuse at lower temperatures than coarse-grained 

ones, other things being equal? 

In order to express the relative fusibility of clays numerically, 

Bischof", on the assumption that the refractoriness of a clay is 

directly as the square of the alumina and inversely as the silica and 

fluxes, deduced the following formula, in which F. Q. stands for 

the “refractory quotient”. 

¥. Q = (Al20s)? 

Si0;x RO 
This has been found incorrect when there is a variation in the 

fineness and density of the clay, and in order to recognize the effect 

of these two features, Wheeler” has suggested the formula: F. F.= 

DTDIEG in which F, F. is called the fusibility factor. 

1 Die feuerfesten thone, p. 71. 1876. 
2 Eng. and min. jour. 10 Mar. 1894. 
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8 —sum of nondetrimentals, or silica, alumina, titanic acid, 

water, moisture, and carbonic acid 

D = sum of detrimental impurities, or the iron, lime, magnesia, 

alkalis, sulfuric acid, sulfur, ete. 

D'= sum of alkalies which Wheeler supposes to have twice the 

fluxing value 

C= 1, when clay is coarse-grained and specific gravity sonal 

2.25 

C= 2, when clay is coarse-grained and specific gravity from 

2—-2.25 

O = 3, when specific gravity ranges from 1.75-2 

C = 2, when clay is fine-grained and specific gravity above 2-25 

C = 3, when clay is fine-grained and specific gravity from 2—2.25 

C = 4, when clay is fine-grained and specific gravity from 1.75-2 

This formula gives better, but still not regular results. The in- 

sertion of a term to account for fineness of grain is perfectly 

rational, but the specific gravity is dependent on the mineral com- 

position of the clay and therefore indirectly connected with the 

chemical constitution. | 

Determination of fusibility. The temperature at which a clay 

fuses is determined either by means of test pieces of known com- 

position, or by some form of apparatus or mechanical pyrometer 

whose principle depends on the expansion of gases or solids, thermo- 

electricity, spectro-photometry, ete. 

When test pieces are used, there are two methods for determining 

the fusibility of a clay, the direct and the indirect. 

The direct method is : of Seger, who devised the test pieces 

known as ‘‘ Seger cones’ 
These consist of a series of mixtures of clay ie fluxes, so 

graded that they represent a series of fusion points, each being but 

a few degrees higher than the one next to it. The materials used 

in making them are such as would have a constant composition, and 

consist of washed Zettlitz kaolin, Rorstrand feldspar, Norwegian 

quartz, Carrara marble, and pure ferric oxid. 
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Cone no. 1 melts at the same temperature as an alloy composed 

of one part of platinum and nine parts of gold, or at 1100° OC. 

Cone no. 20 melts at the highest temperature obtained in a porce- 

lain furnace, or at 1530° C. The difference between any two suc- 

cessive numbers is 20° C. The upper member of a series is cone 36, 

which is composed of a very refractory clay slate, while cone 35 is 

composed of Zettlitz kaolin. © 

A lower series of numbers was produced by Cramer, who mixed — 

with boracic acid the materials already mentioned. Hecht obtained 

still more fusible ones by adding both boracic acid and lead to the 

cones. The result is that we have now a series of 58 numbers, the 

fusion of the lowest being 710° C., and that of the highest 

1850° ©. | 
As the cone reaches its fusion point, it begins to bend over, and it 

is considered that the kiln has reached the fusion temperature when 

the tip bends over so as to touch the base. 

For practical purposes these cones are very successful, though 

their use has been perhaps somewhat unreasonably discouraged by 

some. The full series can be obtained from Messrs Seger and 

Cramer, of Berlin, for 1 cent each (or about 23 cents each, includ- 

ing duty and expressage), or nos. .010-10 can be obtained for 1 

cent each from Prof. E. Orton jr, of Columbus university, 

Columbus, O. Recently this series of cones has been restandard- 

ized by Seger and Cramer. The new table is given herewith. 
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Composition and fusing points of Seger cones 

Fusing point No. of cone Composition 
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Composition and fusing points of Seger cones (continued) 

No. of cone Composition Fui ng point 

- Oe 
1 -140:3 Gdo tole anont + SiQe.| 2 103 Saas 
2 |10'r cdolod ator t4 — 810, | 2 188} “4 270 
3 ee Gio boas ATO t4 Sid, | 2 174] 1 190 

4 sta Aes 0.5 ALO, 4 sid, | 2210! 1 210 

5 ae hig 10.5 ALO, 5 S10, | 2 216] 1 230 
6 10°F Go}0-6 ALO, 6 SiO, | 2 282] 1 260 
1 107 eas 0.7 AlO, 7 SiO, | 2318} 1 270 

8 pia nigh ' 0.8 .A10, 8  8i0, | 2 354] 1 290 

9 115'7 Gio $0-9 ALO, 9  sio, | 2390] 1 310 
10 vie hia 11.0 ALO, 10 SiO, | 2 426] 1 380 

11 |40°7 ogo} 1-2 ALO, 12 Sid, | 2 462] 1 880 
19 Laas 1.4 ALO, 14 io, | 2 498] 1 370 

13 |}0°7 cdot 1-6 ALO, 16 SiO, | 2 534 1 390. 

14 ee ie 1.8 Al,O, 18 sid, | 2570] 1 410 

15 |) 0'7 Gao t 2-1 ALO 21 S10, | 2 606] 1 430 
16 oe AES 12.4 Al,O, 24 SiO, | 2 642] 1 450 

17 We me 2.7 AlO, 27 sid, | 2678! 1 470 

18 oe Aen 3.1 ALO, 31 Sid, | 2714] 1 490 

19 fae Gee 3.5 ALO, 85 Sid, | 2750| 1510 

20 10 a 3.9 AlO, 39 SiO, | 2786] 1 530 

a1 (107 oso {4-4 ALO, 44 810, | 2 892] 1 580 
29 Bsa cio t+ 9 Al,0,49 SiO, | 2858] 1 570 
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Composition and fusing points of Seger cones (continued) 

No. of cone Composition Fusing point 

Fi ba 2: 

23 es wale 5.4 ALO, 64... SiO,. | 9 594,| 1.590 

24 a poe 6.0 Al,O, 60 $si0, | 2% 930] 1 610 

95 a, les 16.6 Al,0, 66 SiO, | 2 966] } 630 

26 tig! : ae 7.2 Al,O, 72 SiO, | 3.002] 1 650 

27 ta. ‘ (90 A1,0,200 SiO, | 3 038| 1 670 
oe eee Meade Sik 8 Ord | 1 680 
eee ee Ate, TOL Al,O, 8 Si0, vals 1 710 
RE Ni iets i ie ard Al,O, 6 8i0, 3 146 | 730 
2 ee a ee | ee 18a hE ea0 
oo Sa gee i a Al,O; 4 SiO, a Stee! PAaTO 
BOE An FEE, ptt ALOg: 3 SiO, 8254] 1 790 
7 ae renee Ae ALO, -:2.5 ,Si0, 3 290 1 510 
eles Mie ee uO, 4,3 sae | 1° 880 

Rem OMNOL AS «eb AlO, 1.5 SiO, | 3 362| 1 850 

The theory of these pyramids is that the cone bends over as the 

temperature approaches its fusing point. If the heat is raised too 

rapidly the cones which contain much iron swell and blister and do 

not bend over, so the best results are obtained by the slow softening 

of the cone under a gradually rising temperature. For practical 

purposes these cones are considered sufficiently accurate. 

In actual use they are placed in the kiln at a point where they 

ean be watched through a peep hole but at the same time will not 

receive the direct touch of the flame from the fuel. It is always 

well to put two or more cones in the kiln, so that warning can be 

had not only of the approach of the desired temperature, but also of 

the rapidity with which the temperature is rising. 

In order to determine the temperature of a kiln several cones of 

separated numbers are put in, as for example: .07, 1, and 5. Sup- 

pose .07 and 1 are bent over in burning but 5 is not affected, the 

temperature of the kiln is between 1 and 5. The next time nos. 2, 3 



558 NEW YORK STATE MUSEUM 

and 4 are put in, 2 and 3 may be fused but 4 remains unaffected, 

indicating that the temperature reached the fusing point of 3. 

These pyramids have been much used by foreign manufacturers 

of clay products and are coming into use in the United States. 

There are several indirect methods of determining temperatures, 

but that of Bischof (Dingler’s Polyt. jour. 196: 438, 525; 198: 

396) is perhaps the best known. ‘This consists in increasing the 

refractoriness of weighed samples by adding to them increasing 

quantities of an intimate mixture of equal parts of chemically pure 

silica and alumina, and heating them with a prism of Saarau fire 

clay (whose fusing point is Seger cone 36) to above the melting — 

point of wrought iron. While involving more labor than the direct 

method, it has the advantage of requiring only one standard. 

This method was tried by Hofman and Demond (“ Further ex- 

periments for determining the fusibility of fire clays”, Trans. 

Amer. inst. min. eng. Mar. 1895) who mixed various samples of 

fire clays with varying proportions of calcium carbonate, and . 

calcium carbonate and silica, to render them fusible at temperatures 

below the melting point of platinum, while common brick clays 

were mixed with alumina and silica to decrease their fusibility, the 

object of this being to arrive at a standard temperature at which 

both refractory and fusible clays could be tested. ‘The results ob- 

tained at first were very satisfactory, but subsequent ones did not 

result as was desired and the method had to be abandoned. More 

recently however this method has been tried by J. L. Newell and 

G. A. Rockwell with much better results (T’rans. Amer. inst. min. 

eng. Oct. 1898, ‘A modification of Bischof’s method for determin- 

ing the fusibility of clays, as applied to nonrefractory ones, and 

the resistance of fire clays to fluxes”, H. O. Hofman) 

In the last experiments the Seger cone 26 was used as a standard, 

as it forms the line between refractory and nonrefractory clays, 

the nonrefractory ones being toned up till they show the same ~ 

behavior in the fire as cone 26. The amount of toner added then 

gave an idea how far the clay stood below the lower limit of 

refractoriness. | 
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The silica used in the experiments was quartz, ground to pass 

a 100 mesh sieve and purified by boiling in nitro-hydrochlorie acid. 

It had 99.884 silica. The alumina contained 98.48 Al, O,. 

The method followed was to weigh out samples of 1 gram of the 

clay to be tested and mix them severally with .1, .2, .3, ete., 

grams of the silica-alumina mixture. The samples were then tested 

in the Deville furnace. 

The following table gives the results of the experiments just de- 

scribed, the clays being arranged in the order of their refractoriness, 

and in each case the amount of flux being given that was required 

to raise the fusing point to that of cone 26 of Seger. 

Analyses and results of tests. 

Sample no. | 26¢ | 25a ga | gga | 24a gga | 19890 

Per Per Per Per Per Per Per 
cent cent cent cent cent cent cent 

| Oa oe 64.10) 55.60} 57.10) 57.45) 57.15) 49.30) 43.94 

21.79| 24.384) 21.29) 921.06) 20.26) 24.00] 11.17 
i) comb....| 6.05| 6.75). .6.00!..5.90|. 5.50) 9.401. 3.90 

ae 91.94) 86.69}| 84.39 9 82.91) 82.70} 59.01 

A eg wpa Gilly: Pesan oa» oe. 8 40) aa 
Cathe or ce: 0.10} 0.438} 0.29) 0.29) 0.90) 0.56) 11.64 

ee. G.56P> 0.77 Bebe Eco 168) 1 Gop. 4.1% 
J ee 7 G2. o.00) vooteel ool, o.Ve, “over 2.90 
To ae 0:03) 0209) OL61F > OL39) -0258P. O117P 0.7 

Bees 8, ss 5.84! 10.40] 18.18) 12.71] 18.69} $4.63] 23.23 

mromture ....)  PeiOk, B65). 28380), 1 90}, ; 2.701... 1.20) 15 .66° 

Grand total..) 98.88) 99.74) 98.87] 99.02) 99.30) 98.54) 98.002 

Stiffening in- 
gredient, p.c,| 20 40 60 80 80 100 180 

@ Analyzed by N. W. Lord. 6 Analyzed by E. Orton jr. 
¢ Includes CQg: @ Includes P205, 0,107, 
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Thermoelectric pyrometer. Le Chatelier’s thermoelectric pyrome- 

ter depends on the measurement of a current generated by 

the heating of a thermopile. The latter consists of two wires, one 

of platinum and the other an alloy 90% platinum and 10% rhodium, 

twisted together at their free ends for a distance of about an inch, 

while the next foot or two of their length is inclosed in a fire clay © 

tube, so that when the couple is inserted in the furnace only the 

end which is held near the body whose temperature is to be meas- 

ured will receive the full force of the heat. The two wires con- 

nect with a galvanometer, the deflection of whose needle measures 

the temperature at the point where the free end of the wire couple — 

is applied. As at present put on the market, the thermoelectric 

pyrometer costs about $180, and the price, together with the deli- 

cacy of the galvanometer, has tended to restrict its use. There is 

no reason however why one should not be made and put on the 

market for a much lower price. It is not necessary that the record- 

- ing instrument shall be in the immediate vicinity of the kiln; it 

may be kept in another room where it is safe from dust and rough 

handling, and the wires can extend from there to the kiln. This 

pyrometer is considered to be accurate to within 10° F. 

Seger cones are very useful for determining the completion of 

firing, but the thermoelectric pyrometer serves as a guide during 

_ the burning operation, indicating whether the temperature is rising 

slowly or quickly, and whether steadily or unevenly. 

If careful records are kept of these facts during the firing of a 

kiln, and the results obtained compared, we are enabled to collect 

valuable data concerning the conditions necessary. 

A crude means of judging temperature is to observe the color 

of the fire as shown by the following table, which gives the color 

of a body when heated to different degrees, thus: 

Just glowme in the darks... 0)... RR ee OTT 

Dari Tee pce sa as Re Sas 5 oaks ee 1252° F. 

Cherry red ota. « Phas hata... 4... s Sy mee ae ee 1666° F. 

Bright-eherry red... 94s ke hcs ~ es ee eat 1832° F. 
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ne 82S: HOTT ANGRY ed ATID te 2102° F. 

ae ae ean We gen oA ee). 2372° F. 
REE VERIO ARO WLAN DS UAE WN ae 9732° FF. 

Mechanical analysis of clays 

The mechanical analysis of a clay determines the percentage of 

particles of different sizes which it contains. | 

The method employed for this determination is partly a dry and 

partly a wet one. Clays which are used for the finer grades of 

ware have to be sufficiently fine to pass through a 150 mesh sieve. 

The relative quantity of coarser particles which a clay contains 

ean be found out by sieving. 

If the clay grains are smaller than ,}, of an inch, the com- 

mon method of sorting them is by means of a rising current of 

water. ‘This operation is known as “slumming” and consists in 

brief of placing a known weight of clay in a vertical tube through 

which a current of water passes. The velocity of the current can be 

regulated. Careful experiment has determined the size of par- 

ticles that are carried off by a given velocity of the current. The 

water as it passes off at the top of the tube is conducted into Jars, | 

where the suspended particles are allowed to settle, and can after- 

wards be collected and weighed. 

The diameters of the grains commonly separated are: 

BRC eid ah we oleh ns ws ia aon: eaustey 0: idea. aan 

Re Sl th a! ah we Uae Me al ah .OL —.025 mm 

iS ee aa TONY Pha eA .. .025—.04 mm 

TSE ae be ae ene Cen a a ee ge .04 —.2 mm 

An excess of the finest particles tends to increase the shrinkage of 

the clay, while the coarser particles have the reverse effect. For 

thorough comparative work on the physical properties of clay, it is 

well to make a mechanical analysis. This has been done with a 

number of the New York samples. 

Chemical effects of heating. On heating a clay to redness, it 

undergoes certain changes, which exert an influence on the physical 
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character of the clay, though the primary changes are of a chemi- 

eal nature. In kaolins this change simply amounts to the loss 

by the kaolinite or clay substance of its combined water. In 

impure clays many other changes may occur, viz: 

The burning off of organic matter. 

Limonite losing its water and becoming hematite. 

Pyrite (FeS’) becoming oxidized to ferric sulfates, which in 

turn are broken up by the expulsion of their sulfur, leaving hema- 

tite or ferric oxid. Both lime and magnesium carbonates if pres- 

ent will part with their carbon dioxid. 

The general effect of these changes is first to make the clay more 

porous, but subsequently to increase its shrinkage. The color of 

the clay is also changed. A chemical interaction between the com- 

ponent minerals of the clay has not taken place up to this point. 

It is held by Seger’ that the more plastic a clay is when wet, the 

harder it will be after light burning. Such lightly burned wares 

_ will not, however, withstand weathering or pressure, and are very 

porous; resistance to weathering is attained only when certain por- 

tions of the clay fuse, and unite the whole into a stony mass. 

The shrinkage and decrease in porosity will be the greater, the 

larger the number of particles taking part in the fusion of the 

mass. 

The process of fusion involves two separate processes, one physi- 

eal, causing change in volume, and one chemical, giving rise to the 

formation of new compounds in the mass. ‘These have a lower 

fusing point than the substances through whose interaction they 

were formed. In some cases however it is probable that solution 

takes place. 

From the foregoing it would appear that the fusion of a clay 

_ is influenced not only by the melting point of the most easily fusib:e 

component of the clay, but also by the relative amount of infusible 

ingredients, and the relative size of the fluxing and nonfluxing 

particles. In the earlier stages of fusion we must therefore look 

1 Seger. Ges. Schrift. p. 380. 
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on the clay as a mixture of fused particles, with a skeleton of un- 

fused ones. If the proportion of the former to the latter is very 

small, there will be a strong hardening of the clay with litle 

shrinkage, and the burned clay will still be porous. With an in- 

crease of temperature, and the fusion of more particles, the pores 

- fill up more and more, and the shrinkage goes on till at the point 

of vitrification the spaces are completely filled. Above this point 

there is no longer a sufficiently strong skeleton to hold the mass 

together, and the clay begins to flow. 

The conditions which influence the difference in temperature 

between vitrification and viscosity still remain to be satisfactorily 

explained, but it probably depends on the relative amounts of 

fluxes and nonfluxes, and the size of grain of the latter. 

The preservation of form in burning is primarily dependent on 

the refractoriness of the mineralogic components which are pres- 

ent in the greatest quantity, because these build a framework or 

skeleton. In kaolins and some refractory clays this component is 

the clay substance. 

A feldspar percentage aids the fusion above a certain tempera- 

ture. At high temperatures the quartz tends to increase the fluid- 

ity of the fused clay, but at lower temperatures the quartz is to be 

classed with those components which aid in preserving the form, 

and in low grade clays the quartz has an important office in this 

connection. 

The recent experiments of Hofman lead him to believe that size 

of grain does not influence the refractory qualities of a clay (Trans. 

Amer, .nst. min. eng. Oct. 1898), and in the case of fire clays 

tested by him this seems to be true. 
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CLASSIFICATION 

As clays show all gradations from the purest kaolins to the most 

impure brick clays, it is hard to draw any sharp lines of division 

between the different kinds. These great divisions can however 

be made, residual and sedimentary, and to these might be added — 

a third, chemical precipitates. — 

Each of these three may include varieties having similar prop- 

erties and similar uses. 

Seger makes the following divisions: 

1 Yellow burning, containing lime and iron 

2 Red burning, nonaluminous, ferruginous clays which are free 

from lime 

3 White and yellow burning, clays low in both iron and lime 

4 White burning, low in iron and high in alumina 

To give a classification based on the uses of the clay is also unsat- 

isfactory, for some clays may be used for as much as five or six 

different purposes, either alone or mixed with other clays. 

A rough classification based on their use would be perhaps some- 

what as follows: | 

Brick clays 

Potter’s clays 

China clays 

Fire clays : 

A good idea of the varied uses of clays may be obtained from the 

following table compiled by R. T. Hill’ and added to by the writer. 

Uses 

1 Domestic. Utensils, porcelain ware; china ware; granite or 

iron-stone ware; yellow ware; rockingham ware; earthenware; ma- 

jolica; stoves; polishing brick. 

2 Structural. Brick, common, front, pressed, ornamental, hol- 

low, glazed; adobe; terra cotta; roofing tile; glazed and encaustic 

1U. S. Geol. surv., Min. res. of U. S. 1891. p. 475. 
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tile; drain tile; chimney flues; chimney pots; door knobs; puddling; 

portland cement; fireproofing; terra cotta lumber; paving brick 

copings 

3 Agricultural. Drain tile, barn flooring 

4 Hydraulic structures. | Water conduits; sewer pipe; sewer 

brick; turbine wheels 

5 Sanitary engineering. Granite ware; urinals and closet bowls; 

wash tubs; bath tubs; sewer pipe; ventilating flues; foundation 

blocks; vitrified brick 

6 Industrial uses. Crucibles and other assaying apparatus, acid 

vats and jars; acid bricks, gas retorts; fire bricks; glass pots; sag- 

gers; stove and furnace linings; wall and writing paper fillings; 

porcelain chemical apparatus; grinding mills; insulators; pumps; 

filters; mineral paint; packing horses hoofs; fulling cloth; ultra- 

marine manufacture 

7 Ornamental and esthetic uses. All forms of ornamental pot- 

tery; terra cotta and various forms of tiles either glazed or unglazed 

8 Imitative uses. Food adulterants and paint adulterants 

Coloring agents 

This includes those substances which impart a definite color to 

the clay in burning. Pure clay would burn to a snow white color, 

but in nature it is frequently tinged with more or less impurity. 

The most common coloring agent is oxid of iron or iron compounds 

which, in burning, change to the oxid. The depth of color pro- 

duced in burning depends on the amount of iron present. It may 

vary froma the lightest yellow to red and dark brown or bluish 
black. The presence of other compounds may however have a 
marked infiuence on the iron coloration. Some of the purest clays 
known, though containing a mere fraction of a per cent of iron 
oxid, will, nevertheless, when burned at a very high temperature, 
develop a very slightly yellow tint. If such clays have a con- 
siderable amount of feldspar added to them, they keep this yellow 
color; on the other hand the addition of quartz tends to minimize 
it. Magnesia and lime may exert a much stronger effect on the 
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color of clay and specially influence the coloring action of iron. 

Calcareous clays in burning develop a yellow, instead of a red color, 

and at the temperature of vitrification this passes into a’ yellowish 

green. Seger has shown that the color of a hard burned clay de- 

pends on the relation of iron oxid to alumina, and in caleareous 

clays on the ratio of iron oxid to lime. 

Diimmler in his table of analyses’ shows the ratio of iron and 

manganese oxid to the sum of nonvolatile constituents, and the 

ratio of lime and magnesia oxid to iron and manganese oxids. From 

this it follows that in all clays in which the combined iron and 

manganese oxids are more than 4, of the amount of the total non- 

volatiles, a distinct red color is produced, if at the same time the 

sum of the two is more than two and a half times greater than the 

combined magnesia oxids. 

Of course the grade of firing has an influence on the color, and 

in addition the composition of the kiln gases might exert a marked ~ 

influence. Thus, for instance, clays high in iron burned slate blue 

in a reducing fire, while yellow burning noncaleareous clay takes 

on a distinct red color, if subjected to alternating reducing and 

oxidizing action. (Diimmler. Die zegel fabrikation, p. 42) 

The shades which ferric oxid takes in burning vary partly with 

the nature of its formation. According to Seger that which is made 

from ferric nitrate burns brown red, that from iron sulfate by 

ignition is reddish orange. 

Heating deepens the color of the ferric oxid with increase of the 

temperature; and this holds true for all ferruginous clays, so that 

in general the color of clay products containing iron will be darker 

the higher the temperature to which they are burned. 

A small percentage of iron in a clay produces a buff color when 

burned to, say 2000° F., but might give a red if burned to 2500° F. 

If a clay contains enough iron to color it red when burned to 

incipient fusion, it may become deep red or brownish at the tem- 

perature of vitrification, and black at the temperature of viscosity. 

1 Die ziegel fabrikation. 
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The physical condition of the iron in the clay may also exert a 

marked influence. If the iron be distributed evenly through the 

clay in a finely divided condition or as a film around the clay grains, 

the coloration produced will be more even than if it were scattered 

through the clay as isolated grains. The percentage of iron oxid 

shown by analysis might in either case be the same, but the effect 

produced in burning would be an even color in the former case, and 

a speckled appearance in the latter. 

Ferrous oxid may form in burning, under several conditions; it 

may be due to the presence of organic matter, or to reducing action 

of the fire, or it may have existed in the unburned clay. It is not 

as strong a coloring agent as the ferric oxid. Alone it produces a 

green color in burning, but variable mixtures of ferrous and ferric 

oxids are capable of producing a variety of shades. (See ‘ Division 

on iron ’’) 

Manganese oxid in general produces darker colors than iron. 

Other coloring substances might be present in clays in small 

amounts. Cobalt oxid might produce a blue color, and chromium 

a green color. 

Both cobalt and chromium are sometimes added to white or light 

burning clays to color them artificially, 5% of the former producing a 

bright blue, and 4%-1% of the latter giving a green. A black color 

can be produced by adding a mixture of 6% iron oxid, and 6% manga- 

nese superoxid. 

Seger * classifies clays according to the color assumed in burning 

as follows: 

1 Aluminous clays, poor in iron, which burn white or very 

slightly yellowish 

2 Aluminous, moderately ferruginous clays, whose color when 

burned is pale yellow to ight brown 

3 Aluminous, ferruginous clays, such as brick clays, whose color 

when burned is brick red . 

4 Nonaluminous clays, rich in iron and lime, whose color when 

burned is yellow 

1 Seger. Ges. Schrift. p. 85. 
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Without giving the composition of the clays which Seger ex- — 

perimented on, in this connection it may be interesting to give some 

of his conclusions. 

The first group includes the porcelain clays, and in these the 

ferric oxid may at times exceed 1% without influencing the color. 

In this connection it is considered that the presence of a large 

amount of alumina has the same effect as lime, in destroying the 

red color of the iron. Evidence of this fact is afforded by Seger’s 

experiments on clays included in the second group. 

In the second group are included clays which burn white at low 

temperatures, with an occasional pink tint, but at higher tempera- 

tures show more or less yellowish or brownish color, but never a red, 

assuming a greenish color at the highest temperatures due to the 

reduction of the iron to a ferrous condition. The alumina in clays 

of this group is generally 20%-80% and even more, while the per- 

centage of ferric oxid may in some cases approach that of the brick 

clays, but it generally ranges between 1% and 5%. It is an interesting 

fact that a mixture of red burning clays of the third group and 

kaolin does not give a pale red product on burning, but instead a 

yellow one, which Seger believes is due to the excess of alumina. 

This group includes many fire clays, semi-fire clays, stoneware 

clays. Five examples are given by Seger to illustrate this effect of - 

the alumina in destroying the red color of the ferric oxid. Their 

color when burned, as well as the ratio of ferric oxid to alumina, is 

given below. 

. Color when burned Jul""White yellow light brown brown) elem 
Ratio of ferric 

oxid to alumina 1:13.2 ica d 1:5.4 1: ie 1:6.3 

The exact temperature at which these were burned is not stated 

but it was the same in each case. 

This group somewhat resembles the fourth group in respect to the 

colors produced, but differs from it in,fusibility, becoming porce- 

lain-like at high temperatures, and not green, but brown or gray in 

color. The percentage of alumina, it will be seen, far exceeds the 

iron. The color seems to be lighter the greater this excess. 
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In the third group, which includes the brick clays, the alumina 

percentage is small as compared with the ferric oxid. They are 

all easily fused, and the percentage of lime, magnesia and alkalis 

is low in those which burn to a bright color. The usual color of 

such clays when burned is red, which becomes deeper with an in- 

crease in the temperature and greater density, changes to violet 

red and finally becomes black. 

The percentage of ferric oxid is generally one third to one half 

the alumina percentage, as indicated by the following figures from 

five examples given by Seger. 

Color when burned Dark red Dark Fedito .\.Dark Dark red violetred cherry red Dark red 

Ratio of Al,O;: FeO, Pave ieee i eee ao. IE 29 

A comparison of the second and third groups shows that those 

in which the alumina is not more than three times as great as 

the ferric oxid show a decided red color; those where it is five and 

one half times as great show a brown to yellow color. 

Probably other physical properties exert an influence, but these 

are not clearly understood. 

The fourth group includes calcareous clays, and in this the 

succession of colors produced in burning is reversed. The ferric 

oxid exerts its coloring action at low temperatures, but at higher 

ones the influence of the lime is seen on the silicates of the clay, 

and the red passes into yellow or yellowish white, which at higher 

temperatures grades into green, and at viscosity becomes dark 

green or black. 

The relations between iron and alumina, and iron and lime, 

and the color when burned are shown below. 

Odlut With light burning red to flesh red; hard burning yellow white to 
sulphur yellow; at vitrification yellow green to green 

e.0.: Al,O,.3,/ ol: 2am elsteden Tigol 8h abi Dead: 2:4 
een... 1:9 Vevey Jeo 512. 2 

The iron in this group runs about as high as in group 3, the 

lighter color being due to lime, the percentage of which ranges 

from 11%-19%. 
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The relation of Fe,O,; to CaO it will be seen is as 1:2, or 

1:3, but the lime could probably be lower still, und yet be 

effective. To prove this Seger took the red burning clay from 

Rathenow, whose composition is 

‘Biiiee wets! duileeon tele oe ee 61.30 
Akaraing:.. cawwise ees oe% PR tea uy eae Ce ASN, Se 18.87 

Ferrie eid: higieda s Jue De ee Se aie) el eee 6.66 

Pome. of folde cudactiaw opie, Wee Pe ee .85 

Magmesiays\: -.ivailind atiultcnsiln i ae 1.20 

Aas hes. cinat ween ans ROR eerie Pa Bl 3.20 
Watee oie ae Weld eat aot RO Sere a a 8.28 

To this clay he added increased amounts of lime, which gave 

the proportions of ferric oxid to lime carbonate in the different 

mixtures, as follows: | 

1:18, 13.48, 1:.83,-1:1.18, 1:1.53, 1:17.88, 1:2. 230s 

tee Oo. 

These nine samples were first burned at a red heat in a small 

gas furnace, and on cooling the color of all of them was found to 

be red. | 

They were next heated to bright redness and after this it was 

found that the color of the first four was bright red, but still 

slightly off color, the more so the greater the proportion of hme 

which they contained. The fourth had a yellowish brown shell, 

one millimeter thick with a red interior. The fifth and sixth 

showed the yellow color to a greater depth, while the seventh and 

eighth were yellow throughout with a slight tinge of gray. 

From this Seger infers that the yellow color first appears when 

the proportion of ferric oxid to lime is as 1 to 13%. 

As regards the action of ferrous oxid, Seger came to the con- 

clusion that in porous bricks the percentage of this can run quite 

high without producing much effect, but in dense bricks the re- 

verse is true. 
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Brick clays often have more or less organic matter which may 

sometimes reduce the iron. Thus the clay from Rathenow, when 

ignited in a closed crucibie, showed 2.20% of ferrous oxid. In 

the presence of air, however, it was converted to ferric oxid, for 

after being ignited for one hour, exposed to the air, the same clay 

showed only .76% of ferrous oxid. 

The black color of bricks is due to the reduction of iron in the 

last stages of burning. 

One interesting result of Seger’s experiments is that oxidation 

of the iron can take place within a clay which has been burned 

to vitrification. This was explained by an experiment in which 

he took a prism 2 em thick, and burned it to vitrification. After 

burning, the surface of the prism was cherry red, but in passing 

from the middle to the surface the colors encountered were cherry 

red, gray red, gray green, black violet, gray green, gray red, and 

cherry red. An analysis of these different colored portions showed 

the following: 
Cherry red Gray green Black violet 

SES ot Se, ee, eae 5.35 Res og 2.14 

EA MEME. ee eee ie 6 1.85 3.01 

The above is explained by supposing that the flame of the fire 

caused a reducing action of the iron, which did not extend the 

entire distance to the core; later, on cooling the outer portion of 

the brick was reoxidized. 



%& 

572° NEW YORK STATE MUSEUM 

GEOLOGIC DISTRIBUTION 

Clays vr shales occur in every geologic formation even in the 
archean. It can be said in general that all those which are older 
than the Cretaceous are shale, while those of Cretaceous and Ter- 
tiary age are sometimes soft plastic clays, as those of New Jersey 
and Long Island, or at times shales, as exampled by the fire clays of 

Colorado. . 

The Quaternary deposits of clay are all unconsolidated, so far 
as known, no shales occurring in this formation. 

The geologic age of a clay or shale is no indication of its com- 

mercial value, except at most for the comparison of two deposits 
in closely adjoining areas, but even here it is not safe to rely on 

such a guide. 

Those deposits which are of marine origin are commonly much 

more extensive than those formed in inland waters. 

“Occurrence of clay in New York state 

Deposits of clay or shale are to be found in nearly every county 

of the state. They are divisible into the following classes. 

1 Residual clays Soft plastic clays 

2 Sedimentary clays Shales or consolidated clays 

1 Residual clays. Deposits of this type are rare in glaciated 

regions; still several small kaolin veins have been found to the 

east and southeast of Sharon Station on the New York & Harlem 

railroad, but it is doubtful if they will ever become of commercial 

importance. They are also found in the adjoining portion of Con- 

necticut, one being worked 4 miles east of Sharon. Residual 

clays also occur in association with the limonite deposits at 

_ Amenia, and in the vicinity of New York city the dolomitie lime- 

stones have by their decomposition sometimes given rise to clays 

of a residual nature. 
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Plate 2 

Old lake bottom, Spencer N, Y. 

To face page 573 

Underlain by clay. 
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The mellowed outcrops of many of the shale formations occur- 

ring within the state should also, perhaps, be classed under the 

head of residual clays. In the latter case however the clay is a 

product of disintegration; in the former, of decomposition. 

2 Sedimentary clays. ‘he soft plastic clays belong to three 

geologic formations, Quaternary, Tertiary and Cretaceous. 

The first class is by far the most common. ‘The second class 

ig somewhat indefinite in extent, but a large number of the Long 

Island deposits probably belong to it. Of the third class there 

are undoubted representatives on Long Island and Staten Island, 

as well as some additional ones on Long Island, which are 

questionable. The clays of the mainland are all Quaternary so 

far as known. This does not include the shales which are treated 

in a separate chapter. 

Many of the deposits are local and basin-shaped, lying in the 

bottoms of valleys which are often broad and fertile. They vary 

in depth from 4 to 20 or even 50 feet and as a rule they are 

underlain by modified drift or by bed rock. The clay is gen- 

erally of a blue color, the uppermost portion for a few feet being 

weathered red or yellow. Stratification is sometimes present, and 

streaks of marl are common. In some of the beds small pebbles, 

usually of limestone, are found, and these have to be separated by 

special machinery in the process of manufacture; at other localities 

the clay is covered by a foot or more of peat. 

The basin-shaped deposits are no doubt the sites of former tiie 

or lakes, formed commonly by the damming up of the valleys, and 

filled later with the sediment of the streams from the retreating ice 

sheet. The valleys in which these deposits lie are usualiy broad 

and shallow, that in which the Genesee river flows from Mt Morris 

to Rochester being a good example. The waters of the river were 

backed up by ‘the ice for a time, during which the valley was con- 

verted into a shallow lake in which a large amount of aluminous 

mud was deposited. This material has been employed for common 

brick. 

1¥F. J. H. Merrill. “Geology of Long Island,” Ann. N.Y. acad. sci. Nov. 1884. 
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An idea of the depth of clay and alluvium in the Genesee valley 

may be had from the following table. The figures have been taken 

from the records of salt wells. 

York’ York salt co. Clay 52 ft 
Piffard’ Genesee salt co. Clay and gravel 64 ft 

’ Livingston salt co. Soule 158 ft 
Coylerville, 2s cars ie 2 ate eee es “Soil” «184 ft 
Mt Morris? Royal salt co. - eSoi 7bi 191 ft 

For other localities the following depths are given. 
SAPO 7 LTT aiie re tat nora Se rey. Blue clay lo. a 
Wyoming’ » ‘Pioneer well. °.9) 204 Soil and clay 40 ft 
Warsaw’ Standard salt co. Surface, soil and 

clay 28 ft 
oe Gouinlock and Humphrey clay 17 ft 

There are a number of these deposits which are of sufficient in- 

terest, geologically as well as commercially, to be mentioned in some 

detail. 

At Dunkirk there is a bed of clay having a depth of over 20 feet. 

The upper 6 feet are yellow and of a sandy nature, while the 

lower two thirds are blue and of much better quality. It is men- 

tioned by Prof. Hall* in his report, and is an instructive example 

of the manner in which the clay changes in color, downward as far 

as the water can percolate and oxidize the iron. 

Around Buffalo is an extensive series of flats underlain by a red — 

clay. A thin layer of sand suitable for tempering overlies the clay 

in spots, and limestone pebbles are scattered through it. Similar 

deposits occur at several localities to the north of the ridge road 

and around Niagara Falls, also at Tonawanda and La Salle, to the 

north of Buffalo, as well as south of it along the shore of Lake Erie. 

Much of this clay was deposited during the former extension of the 

great lakes. 

Prof. Hall mentions deposits of clay at the following localities: 

at Linden one mile south of Yates Center;° along the shore of Lake 

17, P. Bishop. 5th ann. rep’t N. Y. state geologist. 1885. 

2 The term soil is probably meant to indicate sand and clay. 
3 Ann. rep’t Onondaga salt springs. 1888. p. 19. 

4 Geol. New York, 4th district. 1843. p. 362. 

5 ¢ p. 437. 



CLAYS OF NEW YORK 575 

Ontario east of Lewiston; on Cashaqua creek’ deposits of tenacious 

clay due to the crumbling of the argillaceous green shales. In 

Niagara co.” beds of clay are said to occur in every town, but 

they often contain a considerable amount of lime. 

A bed of blue and red clay is being worked at. Brighton near 

Rochester. This deposit les near the head of Irondequoit bay 

and was deposited by some stream flowing into it. To the southeast 

of Rochester is a large eskar which extends in a northeast direction 

to near Brighton. Mr Upham, who has described this eskar, con- 

siders that it was formed by a river which flowed between walls of 

ice and deposited the bed of clay above mentioned. 

Clays are also found at several points in the valley of the Oswego 

river from Syracuse to Oswego, an important one being at Three 

River point. | 

An extensive bed of red and gray clay, 20 acres in extent and 

horizontally stratified, occurs at Watertown. The deposit is 20 feet 

thick and rests on Trenton limestone. 

Another deposit of considerable size is being worked at Ogdens- 

burg. The clay is blue and has a depth of 60 feet. 

At Madrid, in St Lawrence co., is a small deposit, probably the 

remnant of a formerly extensive one. The section is: 

wellow-siraumiee sand Fe eee 3 feet 

Pruereray wit divelig os). Oi eee ec aiy se 6 6 Si 

ten ie at een m Ue chetaed os 21 

ote TICKERS . Was ees 5s wl ia pa as 1 el 

The shells are probably Macoma fusca Adams 

Turning our attention to the southern portion of the state we 

find clays in abundance, in all the valleys and lowlands, the exten- 

1 Geol. New York, 4th district. 1843. p. 227. 

2 i p. 444. 

3 Roch. acad. sci. proc., 2: 181. 
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‘sive marshes near Randolph and Conewango for example being 

underlain by clay throughout their entire extent.1 — 
At Levant, 4 miles east of Jamestown, Chautauqua co., is an 

interesting bed of blue clay underlying an area of several acres. 

It is probably of postglacial age, wey the section as determined by | 

an artesian well-boring is: 

Mellow sand 4) 7o.2.4)9....: ra cen SRS Ne _ 4 feet 

SUN RGANG "ca son Se Oe Pc ae eee 4 inches 

Bellow @baieicsy: ve citlas\y bce coe See 5 feet 

Heron: Clit eee ore eestor oe, sae srs Sonera rer eee (AN 

rane cies or) Sanne ir aaah eat ei ioc 

Potal  thickwess yh, MK PORF PSL aM Soe 

The owner of the clay bed informed me that leaves were often 

found between the layers of the clay at a depth of 15 or 20 feet. 

At Breesport near Elmira there was a bank of blue clay rising 

from the valley to a hight of 50 feet, but it represents the lens- 

shaped type of clay deposit included in the moraine at many points, 

and has been worked out. <A. similar deposit is found at New- 

field 6 miles south of Ithaca, where a moraine crosses the val- 

ley, the clay forming a large portion of one of the morainal hills, 

but surrounded by till. Deposits of clay suitable for brick and tile | 

occur extensively in the lowlands bordering the Mohawk river 

from Rome to Schenectady. The’ beds vary in thickness from 6 

to 15 feet and are mostly of a red, blue, or gray color. 

Among the most extensive and important clay formations 

oceurring in New York are those of the Hudson valley.” Here 

are deposits of two types: 1) estuary deposits of fine stratified 

sand, yellow and blue clay, and 2) cross-bedded delta deposits, 

the materials of which are much coarser. The estuary deposits 

indicate a period of depression, and deposition in quiet water. 

1 Geol. New York, 4th district. 1843. 

2 H. Ries, Rep’t of N. Y. state geologist, 1890. 
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The clay is chiefly blue, but where the overlying sand is wanting 

or is of slight thickness, it is weathered to yellow, this weather- 

ing often extending to a depth of 15 feet below the surface, and 

to a still greater depth along the line of fissures through which 

the water can percolate. The depth of oxidation is of course influ- 

enced by the nature of the clay, the upper portion weathering 

easily on account of its more sandy nature and hence looser text- 

ure. Horizontal stratification is marked and the layers of clay 

are separated by extremely thin laminae of sand. At some locali- 

ties the layers of the clay are very thin and alternate with equally 

thin layers of sandy clay. This condition is found at Haverstraw, 

Croton, Dutchess Junction, Stonypoint, Fishkill, Cornwall, New 

Windsor, Catskill and Port Ewen. At all of the above mentioned 

localities except the last two, the clay is overlain by the delta de- 

posits of rivers tributary to the Hudson, and the alternation of 

layers may be due to variations in the flow of the rivers emptying 

at those points, the sandy layers being deposited during period of 

floods. The delta of Catskill creek has been found at Leeds, some 

2 miles west of the Hudson river. The delta of Rondout creek, 

which flows into the Hudson at Port Ewen, will no doubt be 

found by following the creek back to the ancient shore line of the 

Hudson estuary. Isolated ice-scratched boulders are not uncom- 

monly found in the clay. 

There is often a sharp line of division between the yellow 

weathered portion and the blue or unweathered part of the clay. 

The line of separation between the clay and overlying sand is also 

quite distinct in most cases. Of the blue and the yellow clay the 

former is the more plastic, but both effervesce readily with acid due 

to the presence of 3%-6% of carbonate of lime, and are therefore, 

properly speaking, marly clays. The clay is underlain by a bed 

of gravel, sand, hardpan, boulder, till or bed rock. From Albany 

to Catskill the underlying material is a dark gray or black sand 

1W.M. Davis. Proc. Bost. soc. nat. hist. Nov. 1892. 
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with pebbles of shale and quartz. The sand grains are chiefly 

ground-up shale, the rest being silicious and calcareous, with a 

few grains of feldspar and garnet. This sand can often be used for 

tempering, but at Catskill contains too much lime for this purpose. 

I have not observed this underlying sand and gravel reaching a 

greater hight than 90 to 100 feet above sea level. 

From Catskill northward the clay is in most cases covered by — 

but a foot or two of loam, but south of Catskill it is mostly a fine © 

sand. At Catskill a terrace extends back 2 miles and probably 

more; it is deeply incised by Catskill and Kaaterskill creeks and 

smaller streams and rocky islands project above its surface at vari- 

ous points. The terrace can be traced up to Walkill valley to a 

point several miles south of New Paltz. Along the West Shore 

railroad track, about 150 feet south of the station, the side of the | 

eutting consists of thin alternating layers of clay and sand 27 feet — 

thick. Above this, in places, is 9 feet of fine, stratified, yellowish 

sand. The clay extends along the track for about one fourth of a 

mile till it meets an outcrop of Hudson river sandstone. On the 

south side of the Catskill mountain railroad, 100 feet from the 

bridge, is an exposure of sand and gravel, the pebbles being very 

coarse. It is presumably drift material, but the exposure is an 

isolated one and does not show its relation to other deposits of the 

vicinity. At Smith’s dock, on the land of T. Brousseau near the 

river, the upper portion of the terrace escarpment. consists of fine 

stratified sand, which has been excavated to a depth of 12 feet with- 

out finding clay, while farther back from the river the clay extends 

to within 2 feet of the terrace level. 

The Hudson river shale rises steeply along the water’s edge 

from here down to Malden, and crops out at numerous points in 

the terrace escarpment. The clay along here is probably not of 

great depth. Clay is found in the railroad cutting to the north 

of Malden station, about 7 feet above the track level, and clay is 

exposed in numerous cuttings of the West Shore railroad, from 

Malden to Mt Marion. . 



‘IIP1S}2O 
sev 

[
N
o
s
 

Ivy 
se 

Ao[[vA 
M
O
S
p
n
y
{
 

oy} 
uy 

Avil 

24} 
S
U
L
A
T
o
p
U
N
 

P
U
N
O
J
 

SI 
Y
O
I
Y
M
 

[VL1o}VUL 
OY} 

S! 
S
I
 

‘
A
}
u
N
o
d
 

s
u
e
q
r
y
 

‘
A
u
e
q
i
y
 
U
W
O
N
 

3e 
‘speq 

J
o
A
v
I
s
 

p
u
e
 

p
u
e
s
 

A
i
v
u
s
e
}
e
n
b
 

jo 
UWOr}OeS 

‘
o
y
o
g
d
 
S
N
I
A
O
N
 

‘N 
‘¢ 

SL
G 

e
s
e
d
 

a0
vj
 

OF
, 

F 
a
v
d
 

: 
3 

h
e
 

.>
 





i = 

CLAYS OF NEW YORK 579 

From Glasco to Rondout the terrace, which is perhaps one eighth 

of a mile broad at Glasco, narrows as it nears Rondout, and has 

an average hight of 150 feet. The clays, so far as could be ascer- 

~ tained, lie on the upturned edges of the Utica shale. 

At the rear of A. S. Staples’s yard hardpan underlies the clay. 

The overlying material at this locality consists of sand and gravel, 

in many instances stratified and sometimes cross-bedded. The 

sand in some spots is 10 to 15 feet thick and fine enough to be 

blown by the wind. 

At Port Ewen the clay is mostly blue, resting on a mass of 

hardpan, and in a few places on the glaciated rock surface. Accord- 

ing to Mr Kline, of Port Ewen, the clay around the village is 

nowhere over 18 feet in actual thickness and is underlain by hard- 

pan. A point worthy of notice is the difference in level of 50 feet 

between the terrace at Port Ewen and at Glasco. 

It has been suggested by Dr Frederick J. H. Merrill that this 

may be due to the fact that, when sediment is deposited in a 

basin its edge would be higher than the center. The Quaternary 

formation broadens on toward the west, and Port Ewen would be a 

point on the basin’s edge, while Glasco is near the center. 

In this connection the following well records are of interest. 

A boring made on the property of Isaac Tamney, at Eddyville, 

showed: 

NN i is os ULI re hal ieee Led ah 10 feet 

ESE AS gkko Oe RO ers 

EOETS, MRR Tle Si ee inet a a | 

SAVEL .: Ue ae ete eee od BITS |. 

Basial thickniemet errata Se 90 “ 
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In boring another well at the same locality the following strata _ 

were passed through: 

Yellowelay ml 20. 519'0. 904. EEL Oa 10 feet 

Blue clay olsdeinoiit od? doveot ed! USFS DE 187) 

Gdavellixalhaw Daahaet bt Lt BEANS ote Ee bout 

Total thiekriees (Pfs Hee, DIVA, RU 1562 == 

Still another at Rosendale, on the land of R. Lefever: 

Loam aud Youlow Clay.) fc secs sow tare oo 20 feet 

aa ee 2 erig s Cru ahs se PR nee oe pinay Aan bie 50° = 

GHGS Cy, tye ees clas wicks he oo cece wis & cieinie oie 30 

(yrevel oc) ce kee Aiba IE. saree ot ch deh fll a aes a 

Tal hiickmesds. . o.oo eee ‘So:co oe 100 ™ 

At Lefever Falls: 

QGodthe Bamnie eee ee ec CR eee ee 40 feet 

Chingkearnte eee a Meee ce bes Ces ope 50s 

Dige aay \ Soret s Seo es eke tas see 42 “ 

HOCK fois Gav CR Cee ek CRE Re eee eee 

Total tncknpas:.) 2.25 e276 eee oJ" 149 

At Rosendale plains: 

aright ct oe Fe se daw wo in mo 10 feet 

Blue ‘lay .<it.8 4202052. 5 52s Oe 10 5 

Qunickwiad 5 529, Gos. ss sok a ee 10/8 

Blue clay and quicksand alternating......... 150; 

Total thicknegs. 2.’ . i .auee ees «> aie me 
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We now come to a narrow portion of the river from Staatsburg 

to New Hamburg, where the terrace if present is of small extent, 

and presumably underlain by drift material. 

Where the river broadens out again at Roseton, at the head of 

Newburgh bay, there is a thick bed of clay. It is nearly all blue 

and underlies the remnant of a terrace 120 feet high, which has 

escaped entire destruction owing to its position in a reentrant 

angle of the upper Cambrian limestone ridge along the river at 

this point. The overlying stratified sand and gravel is 10 to 15 

feet thick. At Jova’s upper yard the clay rests on the glaciated 

limestone, cver whose surface are scattered several boulders of 

the same rock. The clay at Rose’s yard is 180 feet thick, while 

that at Jova’s has a total thickness of 240 feet. A boring of 135 

feet made at Rose’s yard at river level is of interest in connec- 

tion with the depth of the preglacial channel of the Hudson. 

Borings recently made indicate that most of the 135 feet is sandy 

blue clay.’ 

About 800 feet south of Roseton station the material under the 

terrace is a yellowish loamy. clay, thinly stratified. This may be 

a portion of the secondary cone of the delta of Wappinger’s creek 

at New Hamburg. North of this a cutting has been made in the 

terrace escarpment, the section exposed showing alternating sei 

of yellow and black sand. 

From Newburgh to New Windsor the clay is overlain by the ex- 

tensive delta deposits of Quassaic creek and Moodna river. To the 

east of Mrs T. Christie’s yard the clay, which is mostly blue and 

thin layered, is overlaid by fine gravel and sand obscurely cross- 

stratified in places. Over this is 3 to 4 feet of sandy soil. The 

upper layers of the clay are wrinkled in places, probably owing 

to the oblique downward pressure of the overlying delta deposits. 

It seems likely that at this spot only a small portion of them re 

mains, much having probably been eroded. At Lang’s yard, south 

of Christie’s, there is 4 to 6 feet of sand and gravel over the clay, 

17) aoe, 1899. 29: 76. 
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of the same nature as that previously mentioned. Scattered 

all through the clay are cobbles of limestone. The upper strata 

are loamy and contorted, while underneath in the yellow clay, which 

is very tough, the stratification is almost entirely obliterated. At 

the next bank, also belonging to Lang, there is 6 feet of overlying 

sand and gravel. Scattered through the clay are several boulders of 

Calciferous sandrock, sandstone, black crystalline limestone and 

gneiss. The overlying material is mostly unstratified and many of 

the pebbles are 8 inches in diameter. At the bank of J. T. Moore 

the clay is very tough, and the stratification is obliterated in 

spots. Several ice-scratched boulders of light blue limestone, sand- 

stone and Calciferous sandrock were found in the clay. In Moore 

& Lahey’s bank the clay is tough and compressed, sumilar to the 

other yards. It likewise contains scratched boulders, specially of a ( 

light blue crystalline limestone. Over the clay is 2 to 4 feet of 

coarse sand and gravel. 

In the west side of the New York, Ontario & Western railroad, 

where it branches off from the West Shore railroad, a cutting in the 

hillside shows a cross-bedded, yellowish sand and loamy clay with 

patches of gravel and cobblestones in it. Following along the track 

a few hundred feet we come to the clay bank of C. A. and A. P. 

Hedges. This shows an interesting section of blue clay overlain by 

50 to 60 feet of cross-bedded delta deposits of sand and gravel. 

The clay layers are obliterated in spots and in others much con- 

torted. To the north of Hedges’s yard in the railroad cutting the 

clay is overlain by 5 to 6 feet of sand and coarse stones, unstratified. 

Following up the track on the left side just beyond the crossing 

of the road from Canterbury to New Windsor the embankment of 

sand and coarse gravel is cross-stratified, being a portion of the 

delta of Moodna river. The character of this embankment changes 

after about 400 feet to unstratified drift, containing boulders. This 

underlies the delta material. The upper terrace at Cornwall is un- 

derlain by boulder drift. 

Its structure is well shown along the track at Cornwall. Clay 
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Clay at New Windsor showing glaciated boulder in it. 
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was observed in a meadow opposite the Roman catholic church; 

it was exposed in digging drainage trenches. Near this locality, 

but a little nearer the river, were found several mastodon bones. 

At Jonespoint there was formerly a small deposit of clay, but it 

has been entirely worked out. 

Haverstraw has three terraces, viz, at 20, 60 and 100 feet. 

The clay so far as known is only found underlying the two lower 

ones, the upper one being underlain by drift and delta deposits. 

There is a deposit of clay at Stonypoint forming a portion of the 

20 foot terrace. The upper layers of clay are in places loamy and 

undulating. Over the clay is a mass of unstratified material from 

2 to 8 feet thick, and the upper surface of the clay is uneven. 

The overlying unstratified material is a coarse sand full of cobble- 

stones, gneiss, schist and granite, all of them rounded but not 

scratched. On the hillside to the west of this deposit is a large, 

isolated boulder of granite. The upper terrace at Stonypoint is 

about 75 feet higher than the station level; a portion of this terrace 

remains about one eighth of a mile north of Stonypoint station on 

the west side of the track. On the west side of the track where it 

crosses Cedar Pond brook the delta structure is observable in the 

embankment, the upper portion of which consists of coarse sand, 

pebbles and cobblestones which are mostly of gneiss. The lower 

layers exposed at this point are quite argillaceous. A short distance 

below the West Haverstraw station and some 500 feet west of the 

track, an excavation had been made for tempering material. It 

exposes a fine yellowish cross-stratified sand overlain by several feet 

of coarse sand and cobblestones. 

In T. Malley’s clay bank along the shore on the north side of 

Grassy point, the clay is not found above tide level and is 

overlain by 3 to 4 feet of fine gravel. To the northeast of 

P. Brophy’s yard is the remnant of a terrace. It is composed of 

obscurely cross-stratified sand and gravel, overlain by a few feet 

of loamy clay, very thinly stratified and the layers wavy. There 

is a boulder of norite in this bank; there are also cobblestones of 
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diorite, gneiss and red sandstone.- About 600 feet to the west of 

the yard of D. Fowler jr & Washburn the clay is being excavated 

in the terrace escarpment, which is here 45 to 50 feet high. It is 

mostly blue, thinly. stratified and overlain by obscurely stratified 

gravel and sand. In this excavation was a small icescratched 

boulder which had been found in the clay. At J. Brennan’s yard 

the clay is overlain by 2 to 3 feet of fine sand, and on this is a 

layer of indistinctly stratified fine gravel 6 to 7 feet thick, 

with a covering of one foot of soil. The terrace at this point is 

about 50 feet high. Cobbles 1 to 2 feet in diameter of granite, 

gneiss and pegmatite were found in this bank. Farther south at 

Peck’s yard, several boulders of granite, limestone and sandstone 

were found in the clay. Those seen were in the lower portion of the 

bed, but I was told that several had been found in the upper 

portion. | 

Along the river behind the yards of the Excelsior and Diamond 

brick co. most of the overlying material has been removed by 

stripping, but, judging from what is left, it must have been 10 to 

15 feet thick. South of Haverstraw the contact of the clay with 

the underlying drift can be observed, the clay thinning out as it 

approaches the hill. Some 2 miles south from Haverstraw, and 

half way between the stations of Ivy Leaf and ‘Thiells on the New 

York & New Jersey railroad in the valley of Ivory creek, is a basin- 

shaped deposit of clay belonging to E. W. Christie. It is not over 

15 feet thick as determined by boring, and has a slightly elliptic 

outline. The valley in which it lies is full of glacial material, and 

contains numerous kames, whose axes lie parallel to the direction — 

of the valley. The clay is underlain by drift material containing 

boulders of quartzite, calciferous sandrock, granite, sandstone, 

gneiss and schist. Over the clay is 1 to 2 feet of sand contain- 

ing large ice-scratched stones of quartzite, gneiss and schist. This 

clay deposit was probably formed in a small lake. If it were a 

portion of the Hudson river estuary deposits, it would indicate a 

much greater submergence ‘than 100 feet, supposed for this region, 

i 
; 
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for this locality is 250 feet above the level of the Hudson river. 

On either side of the track at Thiells are probably remnants of a 

terrace. 

The clay bank of the Anchor brick co. at Croton landing is 

elliptic in outline and lies on a bed of granite, gneiss, schist, and 

white crystalline limestone pebbles, cemented together by clay, 

covered with limonite. Large pebbles are scattered through the 

clay, the layers of which are undulating, conforming to the shape 

of the underlying surface. Over the clay is 4 to 6 feet of gravel 

and sand. South of this yard an excavation has been made under 

the terrace for obtaining gravel, exposing a section of Croton delta. 

Projecting up into it is a mass of boulder-till. 

About the middle of Croton point are the clay pits of the Under- 

hill brick co. Their clay is overlain by the sandy beds of Croton 

delta. The material composing it was evidently derived from the 

crystalline rocks of the surrounding country. It is often micaceous 

and of a yellow color. Scattered through this sand are great num- 

bers of botryoidal sand concretions, some of them forming masses 

6 feet long and 3 to 4 feet wide. They show the layers of deposi- 

tion of the sand. 

The clay at Crugers, Montrose and Verplanck les in hollows 

in the rock, being as much as 50 feet thick in some places. At 

Crugers it is overlain by a few feet of loam; at Montrose by 

stratified sand, varying in depth from 5 to 20 feet, according to 

borings made. Aleng the Hudson River railroad track below 

Montrose, at Morton’s yard, the clay is overlain by from 8 to 

10 feet of fine gravel, and cross-stratified sand of a dark gray 

or black color. The materials composing it are, to a great extent, 

ground up crystalline rocks. The same material covers the clay 

at McConnell & O’Brien’s bank. At the clay beds of the Hud- 

son river brick co. at Verplanck, the clay is covered by yellowish 

sand and fine dark colored gravel; usually they are unstratified, 

but in a few spots show cross-bedding. 

A short distance below Peekskill, at Bonner & Cole’s yard, is 

a remnant of a 20 foot terrace. There is here a deposit of clay 
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not extending more than 4 feet above tide, and overlain by 

an unstratified layer 5 feet thick, of coarse sand and cobblestones, 

mostly gneiss. 

From Stormking station to Dutchess Junction there is a stretch 

of terrace, which extends back to the foot of Breakneck and Fish- 

kill mountains. The maximum hight of it is 210 feet. Various 

firms are digging clay in the terrace escarpment the greater part 

of its length. A well of 65 feet sunk at Aldridge’s yard from 

tide level still showed clay, and adding to this 65 feet of clay above 

the river level gives us a thickness of 130 feet at this point. The 

character and thickness of the overlying material varies somewhat. 

To the rear of Timoney’ s yard some 700 feet, the terrace has been 

excavated to a depth of 30 feet, exposing a mass of coarse sand, 

gravel and cobblestones, mostly granites, gneisses and schists. One 

portion of it is stratified, and at the base of the excavation at one 

point yellow clay has been found. At Timoney’s yard there is 1 

or 2 feet of loam overlying the clay and a growth of brush 

covers the terrace. At Van Buren’s yard the upper layers of clay 

alternate with layers of sand; the upper 6 feet of tlie terrace at 

this point is gravel, the pebbles of it being mostly granite and 

gneisses. At Aldridge’s yard the clay is covered by 6 to 8 feet 

of unstratified gravel and sand, while at another spot on top of 

this bank is 12 or 15 feet of fine yellow sand, which shows no 

stratification. The upper layers of Barnacue & Dow’s clay are 

like those at Van Buren’s, but covered by 4 feet of sand and over 

this in places 6 to 8 feet of coarse gravel. Nothing is known of 

the underlying material at these yards. 

The whole of Denning’s point is covered with a fine stratified 

yellowish sand. The clay, which lies at the base of the point, 

has a thin covering of loam, and the upper layers are somewhat 

wrinkled. 

‘There is another stretch of terrace similar to that below 

Dutchess Junction and of the same hight, extending from one 

half mile above Fishkill to Low point. At most places the clay 

is covered by a few feet of loamy soil. Several boulders have 

been found in the clay at Brockway’s yard. Several feet of loam 
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overlie the clay at Lahey’s, Brockway’s and Dinan & Butler’s 

yards. At J. V. Meade’s yard, a short distance below Low point, 

the clay is covered by about 3 feet of sand, faintly stratified, 

and above this 6 to 8 feet of unstratified material; coarse sand, 

pebbles and cobblestones, some of them 18 inches in diameter. 

Most of them are archean rocks, but there are also fragments of 

shale, limestone, sandstone and a few of them contained Paleozoic 

fossils. ; 

About 1000 feet south of Meade’s yard is a gravel bank 8 

to 15 feet thick of material similar to that overlying the clay in 

Meade’s bank. At the base of this embankment in a few spots 

yellowish clay overlain by stratified sand has been struck. 

The following sections are those of wells bored at Rhinebeck. 

On the land of Robert Duckley: 

mei and yellow élay:'? i sR ar 10 feet 

eee ety Se Ee IT PR ee RTS gan) % 

rere os ere MR GEN LOUIS RS Bootie 

ema Laie nema j 4's) a iocs Gai raters 2a OF age 

On T. Reed’s property: 

Pome Te OLIOW, ClAY. 0). octet cved tas 20 feet . 

EET a ol 9 NE OE AR S00. 5% oe 

«SREY Serta eR a ee ennai, Sac e 9.3 SP oe | 

Total a a ae ARLE a aiid eco A bibs 

On J. O’Brien’s property: 

Yo sw ace bs ee On ee oh. oop 20 feet 
Peercmeark? 3 |. Ce Geet AL re is le 

RR 0 il Se A halk 
erred ce ne O'S. SR ER eae 

‘ MMe RGHReRTIORS sce so ace soa e tae 47). 
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The clay deposits of Hudson, Stockport and Stuyvesant are 

like those at Coeymans Landing, being overlain in most. places 

by a few feet of loam and underlain by dark sand and gravel. 

At Stockport two ice-scratched boulders were found in the clay; 

one of them 3 feet in diameter, the other three times as large. 

To the north of Brousseau’s yard at Stuyvesant the surface ma- 

terial is stratified sand, 15 feet of it being exposed thus far. 

Recently a number of borings have been made in the Hudson 

river clays in the interest of a syndicate,.and these corroborate 

most of the observations already published. One interesting fact 

brought out by the sections is the abruptness of the face of the rock 

underlying the clays. The borings in no case attempted to go to 

the bottom of the deposit, but stopped when the sandy beds of clay, 

that seem to constitute a lower member of the deposit, were en- 

countered. (“‘ Economic geology of the Hudson river clays,” 

C. C. Jones, Trans. Amer. inst. min. eng., Feb. 1899) 

' The delta deposits of the streams tributary to the Hudson river 

are extremely interesting. They give us an idea of the size of 

the rivers flowing into the Hudson valley when it formed an 

estuary, and also indicate the amount of depression which took 

‘place at those localities. All three portions of a delta may be 

observed in the ancient deltas on the Hudson ; they are the thin 

layers of loamy clay which form the secondary alluvial cone of 

the delta, the cross-stratified sand and oravel and the overlying 

unassorted material. This was observed at Haverstraw, New 

Windsor, Low point and Dutchess Junction. 

The following streams between. New York and — 

have formed delta deposits; (as noted by Dr Frederick J. H. Mer- 

rill.1) Wappinger creek, New Hamburg; Fishkill creek; Indian 

~ ereek, Coldspring; Peekskill; Croton river; Pocantico river, Tarry- 

town; Sawmill river, Yonkers; Tibbitt’s brook, Van Cortland; 

Minisceongo creek, Haverstraw; Cedar pond brook, Haverstraw; 

Moodna river, Cornwall; and Quassaic creek, Newburgh. At the 

1 Amer. jour. sci. June 1891. 3: 41. 
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present day but traces of these deposits remain, and the streams 

which formed them have cut down through them below tide 

level. Dr Merrill thinks it highly probable that these deltas once 

filled a large portion of the valley in the Highlands. At Roseton, 

as already mentioned, there is a deposit which may have come 

from the delta of Wappinger creek. Also at J onespoint oppo- 

site Peekskill there is a terrace composed of transported material, 

which Dr Merrill for a while regarded as a portion of Peekskill 

delta; the size of the pebbles composing it caused him to give up 

this view. There is however in the upper portion of the terrace, 

a layer of unassorted material which is slightly separated from the 

rest; also at the south end of the terrace, a portion of thinly and 

obscurely stratified loamy clay, which may have formed a portion 

of the secondary cone of this delta. At Croton, Haverstraw and 

Cornwall, also at New Windsor, the clay is overlain by delta ma- 

terial, and where this occurs, specially at Croton, the upper limit 

of the clay is comparatively low, it having probably been eroded 

to a certain extent by the river entering the estuary at that point, 

and again it is not likely that very much clay would be deposited . 

around the mouth of the river on account of the current. This 

may have been the case below Peekskill. 

In general the upper limit of the clay increases northward as 

does the terrace level. To illustrate this point we have the follow- 

ing altitudes. | 

East side 

Cent es ee ait, Pe. a. eb. Peet sul. Stas Ai. ANG’. 100 

Pepa oN Oa h. ..eeboost. all. ovules ul bets 90S. 120 

ieeetca}t <3 i4). 9s. DTA be dette Sergi yc ated. CS. 205 

West side 

SRR aes) 25 2 i 100 

0 SRR 8? Sa 185 

SEE ERR OSG 200 

Mewiurgh eases... a ot ss Sete OR GE Te 205 

RRR a ES 207 

em re rs, 25 PERTTI Ow al Diyos, © idigepg pd oy 360 
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These measurements apply, of course, to the upper terrace, 

which can be traced along many portions of the river.* 

An examination of the above figures and the distances between 

the points mentioned indicates an interesting fact. Between New 

York and Peekskill, a distance of 45 miles, the terrace rises 40 

feet, or eight ninths,of a foot a mile. From Peekskill to West- 

point the rise is eight feet a mile. From Westpoint to New- 

burgh the terraces ascend 24 feet, and from Newburgh to Albany 

about five twelfths of a foot a mile. From the above it would 

seem that the uplift from New York to Albany did not inerease 

uniformly, but was slightly greater along the axis of the Highlands. 

To determine this point definitely requires a large number of accur- 

ate terrace measurements. The following are the number of ter- 

races noticed at the different localities. 

Atheist ese FORD £0 RE CUE) UTS COSI ALE VES ea RI ee ae 2 

Port Ewent fof. o gt 7 Ce BEG PLDI I ee Se 2 

Cornwall... .. Lior arent i es SOE Ee 2 

‘Plowerstea Cees Se ai eo se Sahl vol ee 2 

Nehovabig cresb stip A 4ud ah Rese Gs bs Sg cea ae (2 ae ee 3 

Peale "OE Ie MAR ORE MER eee ‘e 
Figh kat isco 20. eo ee sae Baia Nat Ss, 9s Poe toe 2 

Stormking 7.0; si. 7eee SSB Re NaS ac Ke Mee 

Bchodacie lo ateee. a Povo ee... oe ore Radesiesirl x: 2 

The shore line of the upper terrace is generally some distance 

back from the river. In fact, as we go up the river, specially 

above Port Ewen, the shore line recedes. At Port Ewen the ter- 

race is 207 feet above tide, but it is fully 225 feet at the base of 

Hussey mountain, which was an island in the estuary. The terrace 

extends up the Wallkill valley several miles.* It seems not im- 

probable that a shore line of this Quaternary deposit will be found 

along the base of the Catskill mountains, or not far from there. 

aor dete. aintomienk wat ier ace altitudes, see H. Ries. T'rans. N. Y. acad. 

sci. Nov. 1891. 

2There is possibly a second lower terrace at Peekskill. 

3 Mather. Geol. New York, 1st dist. 1843. p. 131. 
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At Coeymans Landing the terrace is 140 feet, and it rises to 177 

feet at the West Shore railroad station, about a mile from the river 

then a hill hides the farther continuation of it from view. Between 

South Bethlehem and Callanans Corners the shore line of the 

terrace along the base of the Helderberg escarpment is well seen. 

From Catskill up to Albany the terrace at most points is very 

wide. At Coxsackie it extends behind the hill to the south of 

the town and comes down along Murder creek to Athens. From 

Albany an alluvial plain, belonging to this formation, spreads 

westward, reaching a hight of 360 feet near Schenectady. The 

surface of these terraces is usually a loamy soil of much agricul- 

tural value. 

Following up Croton river as far as Croton lake, remnants of 

terraces are seen at various points, their hight above the river bed 

decreasing as we recede from the Hudson. The majority of these 

detached pieces seem to belong to a terrace formed at the same 

time as the 100 feet one at Croton landing. There are at a few 

places traces of a second and lower terrace, and beside this a 

third one, which is being formed by the river during its floods at 

the present day. 

From the facts as observed, quoted above, the following may be 

deduced. That during the retreat of the ice sheet from the Hud- 

son valley the glacial streams deposited as kames a great amount 

of ground up material, principally shale, the material found under- 

lying the clays along the upper portions of the valley. 

That subsequent to the retreat of the glacier there was a depres- 

sion of the land, which, according to Dr Merrill,’ amounted to 80 
feet at New York city and near Schenectady to about 360 feet. 

During this period a great amount of plastic clay was depos- 

ited, produced by glacial attrition of the shales and limestones, 

the latter no doubt giving to it the marly character and influencing 

its color. : 7 

The upper portion of the clay is more silicious, and overlying it 

is an extensive deposit of sand, indicating a change in the nature 

1 Amer. jour. sci. June 1891. 
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of the material washed into the estuary. During the period of 

submergence much of the silicious matter washed into the estuary 

was deposited at the mouths of the tributary streams to form deltas. 

It has been suggested by Dr Merrill’ that the change in the 

estuary deposits from clay to sand might be due to the exposure 

by elevation of an area of land around ‘the basin, which would 

afford more silicious matter. 

An elevation would be accompanied by an acceleration of the 

streams, and much of the silicious matter transported by them 

would be carried farther out into the estuary and spread over its 

bottom, while the finer clayey sediment would be carried out to 

sea. A readvance of the ice, it would seem, would likewise cause 

an acceleration of the streams, and with the results stated above. 

To account for the isolated boulders in the clay, it seems highly 

probable that icebergs or icefloes having stones and dirt imprisoned 

within their mass detached themselves from the retreating glacier, 

and, floating down the estuary to the sea, dropped their burdens. 

The unstratified material found with it and in some cases over- 

lying the stratified delta deposits is a matter of interest as con- 

cerns its origin. Three things may be noticed regarding it. 

1 The material is sand, pebbles and cobblestones lying mixed 

together without any separation of the coarse from the fine.” 

2 The pebbles and stone are rounded and do not show any 

scratches. | 
3 The materials are mostly of the same character as the rocks of 

the vicinity. | 

‘Now as the land rose from its submergence the velocity and 

with it the transporting power of the streams would increase, 

washing down quantities of large stones and gravel. Dr Merrill 

considers that a rapid flow of water took place down through the 

Hudson valley in the late Quaternary. This water must have come 

1 Amer. jour. sci. June 1891. 

?The only locality where stratification was observable was at Timoney’s 

yard, near Dutchess Junction. 
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Terrace and sand pit, south of Dutchess Junction N. Y. 
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down through the valleys of the tributary streams, having a much 

greater velocity in their valleys than it would have after it turned 

into the Hudson valley, and the checking of its velocity as it 

reached the Hudson would cause the deposition of the greater part 

of its load. A large stream rushing’ down the valley of the Fish- 

kill would drop its burden specially below it, where we find them 

heaviest as the flow of the water was toward the south. Again, 

Peekskill would behave in a similar manner. 

A curious and interesting phenomenon is the crumpling of the 

clay at many localities. This disturbance often extends through- 

out the section, and has been caused by slips or pressure from 

above, as when the clay is covered by a thick delta deposit. 

Prof. R. P. Whitfield has told the writer of instances where the 

clay layers had been disturbed to a depth of several feet from 

the surface by the weight of boulders and large trees. In many 

instances there occurs a crumpled strip of clay between layers 

which are entirely undisturbed; this has been actually observed 

by the writer to have been caused by slipping of the clay. 

Clay concretions. These are of common occurrence, specially 

in the yellow clay. ‘They are of varying form and size. Many 

of them have a cylindric hole in the center, which is lined with 

carbonaceous material. The flat concretions are found parallel 

to the layers of the clay, and in many instances at a depth from 

the surface to which the roots penetrate. 

Those found at a greater depth did not have the central cylin- 

dric cavity. They are very abundant in the yellow clay at 

Haverstraw. Roots penetrating the clay at this locality were 

surrounded by lumps of clay in the form of concentric rings. 

These might seem to indicate the method of formation described 

by Prof. J. D. Dana (Manual of geol. p. 628). Again in the 

yellow clay near the surface at Coxsackie were found some forms 

which were similar in appearance to what Dr J. I. Northrup has 

described as rhizomorphs.* They may be due to the roots which 

1Trans. N. Y. acad. sci. 13 Oct. 1890, 
a 
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penetrate the clay, absorbing water from it and rejecting the 

contained lime, which deposits itself around the root forming the 

hard rhizomorph. Their interior structure is crystalline. 

Another form of concretion is found in the delta sands at Croton 

point. It consists of botryoidal masses of sand, cemented by oxid 

of iron. Some of them show the layers of deposition of the sand. 

The concretions are usually small, but one mass was noticed fully 

6 feet long and 4 feet. wide. ; | 

Concerning the crigin of these concretions various opinions are 

expressed by different geologists. 

Organic remains are extremely rare in these clays. The 

writer has discovered sponge spicules, probably referable to 

Hyalonema or an allied genus, and which are figured. The 

following diatoms were also found: Navicula Gruendleri 

A. 8; Navicula permagna, Edw. (fragments); Melo- 

sira granulata (Hhr.) Ralfs; Nitzshia granulata 

Grun., all fresh water species. At Croton landing a number of 

impressions were found in the blue clay and on being submitted 

to Prof. Hall were pronounced to be worm tracks. Mather in his 

report’ mentions the finding of leaves in the clay beds back of the 

medical college at Albany, and states that they resemble those of 

an aquatic plant. 

Clays of the Champlain valley” 

The clays of the Champlain valley are estuary formations of 

the same age as the Hudson river clays. They underlie terraces 

along the lake which have been elevated to a hight of 393 feet 

above sea level. These terraces may be traced almost continu- 

ously from Whitehall, at the head of Lake Champlain, to the 

northern end of the lake and beyond it, but on account of the 

extensive erosion which has taken place they are usually narrow, 

and it is only at sheltered points lke ‘Port Kent and Beauport 

that they become specially prominent. The section involved is 

1 Mather. Geol. New York, 1st dist. 1842. p. 123. 

2Compiled largely from Emmons’s Report geol. N. Y., 2 d dist. 
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yellowish brown sand, yellowish brown clay and stiff blue clay, 

the latter being rather calcareous. The upper clay is somewhat 

silicious, and its coloring is due to the weathering of the lower 

layer. This formation has a thickness of about 15 feet, but some- 

times, as at Burlington, it reaches a thickness of 100 feet. Iso- 

lated boulders are occasionally found in the clays, and are con- 

sidered by Emmons to have been dropped there by icebergs. The 

clays are usually horizontally stratified, and contortions of the 

layers are extremely rare. Numerous fossils have been found in 

the overlying sands, among them beng Saxicava rugosa 

Lamarck and Tellina groenlandica JBeck, which are 

very common; Tritonium anglicum, “Tritonium 

fornicatum, Mytilus edulis Linn, Pecten islan- 

dicus Chemnitz, Mya truncata Linn, M. arenaria 

Iinn., Nucula portlandica; the skeleton of a whale has 

also been found in these deposits.’ 

Openings have been made in them for the purpose of obtaining 

brick clays at Plattsburg and a few other localities, but, owing to 

the lateness of the season when I visited them, information was 

hard to obtain. 

Long Island clays 

Long Island is made up of a series of sands, gravels and clays, 

which form two parallel ranges of hills in the northern half of 

the island, while the southern half is a flat plain. © The most 

southern of the ranges represents the limit of the drift.” 

The clay beds are exposed along the north shore of the island 

and at several points along the main line of the Long Island rail- 

road. In describing them I have gone east along the north shore 

and come back through the center of the island. 

In a paper on the geology of Long Island, (previously cited) 

1The writer has found one species of diatom belonging to the genus diatoma, 

in the clay from Plattsburg. 

2For a detailed account of the topography of Long Island see Mather, 

Geol. New York, 1st dist. 1843; W. Upham, A. J. S., 111, 18; F. J. H. Mer- 

rill, “ Geology of Long Island,” Ann. N. Y. acad. sci. 1884. 
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Dr F. J. H. Merrill describes in detail the formations exposed 

on the island, and mentions the insufficiency of data necessary to 

afford definite conclusions concerning the sequence of geologic 

events. Examinations of the various clay outcrops on the island 

since made show that eight years have made considerable changes; 

permitting the collection of additional data and obliterating many 

localities described by him. With the exception of four similar 

deposits on the north shore, all the clay beds as exposed at the 

brick yards are rather unique in appearance. 

The most western clay outcrop on Long Island, of which the 

writer has any knowledge, is on Elm point near Greatneck.* 

There is here a bed of stoneware clay over 30 feet thick, overlain 

by 15 to 20 feet of yellow gravel and drift. The clay is dark 

gray and contains streaks of lignite in a good state of preservation. 

In appearance the clay resembles the Cretaceous cnes of New 

J ersey and will doubtless prove to be of the same age. ‘The over- 

lying yellow gravel contains sandstone concretions and also sand- 

stone fragments containing Cretaceous leaves.” 

There is an outcrop of clay at Glencove on the east shore of 

Hempstead harbor, at the mouth of Mosquito inlet. This has 

long been considered of Cretaceous age from the plant remains 

found® in sandstone fragments embedded in the clay. The layers 

of the latter are blue, red, black or yellow, and dip northeast 

ni gees Bs oa Near this locality and on the south shore of Mosquito 

inlet is an outcrop of pink clay, belonging to Carpenter Bros. 

and used for fire brick and stoneware. Dipping under it to the 

north at an angle of 30° is a bed of alternating layers of quartz 

pebbles and clay. The pebbles crush easily to a white powder. 

Associated with this clay is a bed of feldspathic clay called “ kaolin,” 

but the exact relations of the two deposits are not known. And 

similar clay also crops out from under the gravels of the west shore 

1H. Ries, “ Notes on the clays of New York state,” Trans. N. Y. acad. SCt., | 

12. 

2C. L. Pollard, “ Note on Cretaceous leaves from Elm point, L. I.,” Trans. 

N. Y. acad. sci., 13. 7 

3 A. Hollick, Trans. N. Y. acad. sci., 12. 
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of Hempstead harbor. Carpenter’s clay resembles that of Cretace- 

ous age found on Staten Island, but its age has yet to be proven. 

The sandstone fragments found in the clay across the inlet are found 

along the shore of it to Carpenter’s clay bank, but none are found 

in it. Dr. Merrill has found plant remains in this clay, but they 

were not sufficiently well preserved for identification. (See paper 

previously cited.) A microscopic examination of the clay revealed 

the presence of the following diatoms; all freshwater forms: 

Melosira granulata (Ehr.) Ralfs 

Stephanodisecus Niagarae (Ehr.) 

Diatoma hyemale (%) K. B. 

A deposit of gray sandy clay 30 feet thick was uncovered on the 

north .of Mosquito inlet in the spring of 1898, on the property 

of Mrs Helen McKenzie, but it is distinctly different in its char- 

acter from that on the south side of the inlet. 

On Center island in Oyster bay we find the most western of | 

a series of clay beds which bear a great similarity to each other. 

The others are on West neck, at Freshpond and on Fisher’s island. 

The clay on-Center island consists of two kinds, a lower bluish 

clay and an upper brown sandy clay. Overlying this latter is a 

stratified sand. The layers of clay undulate in several direc- 

tions. Dr Merrill mentions the occurrence, 1 mile north of 

this clay pit, of a bed of white fire clay at a depth of 25 feet 

under the drift and sand. The only organism thus far met in 

this clay is one species of diatom, viz, Stephanodiscus 

Niagarae (Ehr.), and a curious spiny hair. 

At Jones’s brick yard on the east shore of Coldspring harbor 

is a thick deposit of clay. The lower portion is tough and con- 

tains little sand. The upper portion is much more sandy and of 

a brown color. The clay bank is over 100 feet in hight, the layers 

having been folded under the pressure of the advancing ice sheet. 

A layer of diatomaceous clay occurs in the upper portion of the clay 

bank; its position is shown in the following section given by Dr. 

Merrill. 

1Ann. N.Y. acad. sci. 1884. 
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TH? and, stratified driftisausreth': smote & 10 feet 
Quartagravelydcas 4th. tid beola! aah ee Dae: be 

Red and blue “loam” or sandy clay......... 20) 1% 

Diatomaceous! edrth! vals attmieces). at th to Os 3 ant 

Yellow and, red stratified sand... . 4)...» 0. == 20 feet 

Red plastica elay fo ti heh, ea ee ee 20° 

Brown plastic clavate) surest uc need wor sim ERS + 

Total "Gre ous aah te mr eya tates ts eee 143 “ 

“The bed of diatomaceous earth is of undetermined extent, 

and appears to be replaced a little to the east by a blue clay, 

which, however, contains some diatoms. It is undoubtedly equiv- 

alent to the bed of ochre which overlies.the sand throughout the 

remainder of the section.” 

The following diatoms, all freshwater species, occur in it. 

Melosira granulata (Khr.) Ralfs 

Stephanodiscus Niagarae (Ehr.) 

Epithemia turgida (Ehr.) Kutz. 

Encyonema ventricosum Kutz. 

Cymbella delicatula Kutz. 

Cymbella cuspidata Kutz. 

Navicula viridis Kutz. 

coconetformis Greg. 

major Kutz. 

varians Greg. 

¥ lata Breb. 

ELunotia monodon Ehr. 

Gomphonema capitatum Ebr. 

Stauroneis Phoenecenteron Ehr. 

Fragilaria construans Grun. 

Synedra affinis K. B. 

Campyloneis Grevillei var. regalis. 

Triceratium trifoliatum 
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The Melosira and Stephanodisecus are present in 

countless numbers. Only two specimens were found of the 

Triceratium, and Dr D. B. Ward, of Poughkeepsie, who 

has also given me much aid in the identification of my material, 

informs me that this species is very common in the diatomaceous 

earth from Wellington, New Zealand, but he has never heard of 

its occurrence before in America. Sponge spicules are not un- 

common in Lloyd’s neck diatomaceous earth, and several forms 

are figured. Samples of the red and brown clay from the sec- 

tion given above were examined, but no organic remains were 

found in them. 



: | (Magnified 500 diameters, except Fig. 1, which is enlar 

u | diameters ) 

a Bre. ahs oe spicules. Croton point | 

met Fic. 14 Melosira granulata (Ehr.) Ralfs. Croto 7 

Fic. 15 Navicula Gruendeleri A. S. Croton p | 

Fic. 16 Diatoma sp? Plattsburg 

Fig. 17 Diatom fragment from Croton point = 

Fig. 18 Navicula permagna Edw. Croton oe ; 

Fic. 19, 20 Sponge spicules. Kreischerville, 8. a \) 

Fic. 21-24 From clay at Verplank -.! 

‘Fic. 25 Nitszchia granulata Grun. Croton point Y o 

Fic. 26 From clay at Croton point a. 
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(Magnified 500 diameters) 

Jointed hair. Wyyandance, L. I. 

Ridged tube from stoneware clay. Glencove, L. I. 

Spicules from cretaceous clay at Glencove, L. I. 

Spicules from Lloyd’s neck, L. L. 

Spicule fragment? Farmingdale, L. I. 

Diatoma hyemale. Glencove, L. I. 

Navicula viridis Kutz. Lloyd’s neck, L. I. 

Cymbella cuspidata Kutz. Lloyd’s neck, L. L. 

Campyloneis Grevillei var. regalis. Lloyd’s neck, 

‘vege 

Cocconema parvum W. Smith. Northport, L. I. 

Triceratium trifoliatum. Lloyd’s neck, L. L. 

EHunotia monodon Ebr. Lloyd’s neck, L. I. 

Navicula lata Breb. Lloyd’s neck, L. I. 

Encyonema ventricosum Kutz. Lloyd’s neck, L. L. 

Synedra affinis K. B.. Lloyd’s neck, L. L. 

Fragilaria construans Grun.  Lloyd’s neck, L. L 

Gomphonema capitatum Ebr. Lloyd’s neck, L. L. 

Epithema turgida (Ehr.) Kutz.  Lloyd’s neck, 

Ls 3 

Navicula cocconeiformis Greg. Lloyd’s neck L. I. 

Stauroneis phoenecenteron Ehr. Lloyd’s neck, 

ee 

From clay at Northport, L. I. 

Melosira granulata (Ehr.) Ralfs. Lloyd’s neck 

and Glencove, L. I. 

Stephanodiscus Niagarae Ehr.  Lloyd’s neck and 

Glencove, L. I. 

From clay at Oyster bay. 
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-” Concretions are abundant in the clay on Center island and West 
neck. Those found at the latter locality are disc-shaped, while 
those found on Center island are more or less botryoidal. 

Silicified yellow gravel fossils have been found by the writer — 
in the sands on West neck,’ and more were subsequently found 

in other localities by Dr Hollick.? 

On Little neck, in Northport bay, is an extensive deposit of 

stoneware clay and fire sand, which has been worked for a num- 

ber of years. The clay is stratified, the layers being separated 

by laminae of sand. In color the material varies from black to 

brown and yellow, and it becomes sandy in its upper portion. 

There is a dip of 15° se due to a slipping of the clay bank. 

Overlying the clay is cross-bedded fine sand and gravel, the latter 

containing much coarse material near the surface. Very little 

till covers the whole. Much fine, white fire sand occurs in por- 

tions of the bank. A careful examination of the section showed 

a brownish black seam of the clay, 2 feet thick, containing 

numerous fragments of plant remains, of which a number were 

sufficiently well preserved to determine the Cretaceous age of the 

clay beyond doubt. The species were identified for me by Dr. 

Hollick as follows: | 

Protaeoides daphnogenoides Heer 

Palwrus integrifolia Hollick 

Laurus angusta Heer 

Myrsime sp. 

Williamsonia sp. 

Celastrophyllum sp. 

Palvurus sp. 

1Trans. N. Y. acad. sci., 12. 

2Trans. N. Y. acad. sct., 13. 
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The latter resembles Paliurus Columbi (Heer); a 

Tertiary species (Fl. foss, arct. 1: 122, pl. 17, fig. 2), but is much 

smaller and very probabiy a new species. The above species are 

the same as those found in the middle Cretaceous clays of Staten 

Island N. Y., and Perth Amboy, N. J. 

Three species of diatoms, all fresh water forms, were also dis- 

covered in this clay. ; 

Melosira granulata (Ehr.) Ralfs | 

Diatoma hyemale K. B. 

Cocconema parvum W. Smith 

The occurrence of these diatoms is a matter of great interest. 

While diatoms are abundant in the Tertiary, their only known 

occurence in the Cretaceous is the chalk* which is upper Cre- 

taceous. This being the case, their occurrence at Northport extends 

the known geologic range of diatoms. 

At Freshpond the clay crops out along the shore for a distance 

of half a mile. It is brownish and red in color, the red being more 

sandy. Sand and gravel overlie it, and at Sammis’s yard the sand, 

which is stained by limonite, shows a fine anticlinal fold. 

One of the most interesting clay banks is that on Fisher’s island. 

The clay is of a reddish color similar to that on West neck and 

Center island, and in its original condition was horizontally strati- 

fied and overlain by 20 to 30 feet of laminated sand. But the 

whole deposit has been disturbed by the ice sheet passing over it, 

and the layers have been much crumpled to a depth of about 30 

feet, while below this they are undisturbed. The till overlying it 

is in places 30 feet thick and contains large boulders. 

Dr Merrill mentions the presence on Gardiner’s island,? of ex- 

tensive beds of brick clay together with their associated sand beds, 

(they are not being worked) and notes the occurrence of a fossil- 
iferous stratum. Clay is also said to outcrop near Sag Harbor and 
around the shore of Hog neck in Peconic bay. © 

1Nicholson. Manual of palaeontology. 2: 1490. 

2 Previously cited. 
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Between Southold and Greenport are several deposits of a red 

glacial clay which is used for brick. The clay contains angular 

stone fragments and runs from 50 to 60 feet in thickness. About 

one mile and a half east of Southold is a bed of mottled blue pottery — 

clay which has been used for a number of years in making flower 

pots. The depth of this deposit is not known. 

At West Deerpark is a clay bank of unique appearance. In 

July 1892 the section showed: 

7 “Yellow pravet? 22>. = ae 6 feet 

Containing Flesh colored ¢ly 05. se. a. ee eee SN 
concretions J Red days. path odide ene 1 foot 

Black clay with pyrite............. 4 feet 

Black sandyrelay RPP ye 

Red sartdpoehays G2 PSL NSA Gs a 

‘Dobalr thackmess 0 de! . Abe tetera 94.555 

Lenticular masses of gray sand are sometimes found in the 

black clay. The black clay also contains frustules of 

Melosira granulata, (Ehr.) Ralfs, and numbers of a 

jointed yellowish brown hair, resembling those of a crustacean. 

The black clay burns to a white brick. About 4 miles west of this_ 

locality near Farmingdale the section in Myers’s clay pit is: 

PON BG STEVOLt. ye ck ns cei cee Sie eee eee 6 feet 

Peet Bay CLAY. SO. oe tease wi ee aa 6 ie 

Yellow and red sand, wavy lamination....... 5 Ga 

Reddian wetow Clay 65 -<sis main boos & ae Sale 6. 

SOC WME Cla os 5 al clots par is ss ee ee 20 os 

Micaceous sand, cross-bedded.............. 

Total thickness ..: + ii. 220 eee 0. > 
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About one quarter mile south of Myers’s brick yard is that of 

Stewart. The section at this locality (now ees) as given 

by Dr Merrill’: 

Surface stratum yellow micaceous clay.........---+-- 35 feet 

feeaien and fandy clay... 6 ee ce ieee eee id 

Blue black sandy clay with nodules of white pyrites. . gan ™ 

RIE Tron gts cer ae ce sae Seno 8 8 se Mei 

2 SS eas ea a Tre a ag a eee ar Eee Go" os, 

A local deposit of grayish blue sandy clay occurs at East Willis 

ton. It varies in depth from 6 to 20 feet and is underlain by 

sand. On my last visit to this locality I found a number of stems 

and leaf fragments in the clay but none sufficiently well preserved 

for identification. 

There is still some doubt as to the exact conditions under which 

the beds of clay and gravel which form the greater portion of 

Long Island were deposited, but it is probable that the clays repre- 

sent shallow water marine deposits of Cretaceous and Tertiary age. 

The overlying sands and gravels have in most instances a cross- 

bedded structure, with a south dip, and were probably deposited 

by swift currents as stated by Dr Merrill. 

The age of the clays is still largely a matter of speculation, and 

will probably remain so in many cases unless paleontologie evidence 

is forthcoming. Those on Gardiner’s island are quite recent, as 

shown by the contained fossils, and the clay on Littleneck near 

Northport is Cretaceous as previously noted. The proof of the 

age of the Glencove clay is not absolute. 

Cretaceous leaves in fragments of ferruginous sandstone have 

been found along the north shore of Long Island from Greatneck 

1F. J. H. Merrill. “Geology of Long Island,” Ann. N. Y. acad. sci. Nov. 
1884. 

| 
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to Montauk point,’ but they are usually much worn and scratched 

and have evidently been transported from some distant source. 

The clays at Center island, West neck, Fresh pond and Fisher’s 

island are very similar in appearance and composition, and are very _ 

probably of the same, age, possibly Tertiary,” but we lack paleon- 

tologic or stratigraphic evidence. . At West neck the clay under- 

lies the yellow gravel and the latter is covered by the drift, so that 

is Prepleistocene. | ; 

The theory has been put forth that the Cretaceous formation 

on Long Island would be found north of a line joining the southern 

border of the Cretaceous formation of New J ersey and Marthas 

Vineyard,’ and that outcrops south of this might be Tertiary; in 

view, however, of determining the clay at Littleneck near North- 

port to be Cretaceous, we must abandon this theory. 

An interesting phenomenon is the tilting and crumpling of the 

strata on the north shore of Long Island. This disturbance is 

‘specially well shown on West neck, and was considered by Dr 

Merrill to be due to the pressure of the advancing ice sheet,* which 

excavated the deep narrow bays and pushed the excavated material 

into high hills at their head. Dr Merrill’s views have been recently 

corroborated in a paper on “The deformation of portions of the 

Atlantic coast plain,” by A. Hollick,* who, in disputing the possible 

orogenic origin of these folds, calls attention to the fact that they 

are found only along the line of the moraine, and that the beds are 

disturbed only to a certain ‘depth. The disturbance is well shown 

at Glencove, West neck, Freshpond and on Fisher’s and Gard- 

iner’s islands. It is important, however, not to confound tilting 

of the layers, due to slipping, as is the case on Littleneck near 

Northport, with that produced by the ice-thrust. 

1A. Hollick. “ Notes on geology of north shore of Long Island,” Jrans. WN. 

Y. acad. sct., 13. 

_ 2This idea is also expressed by Dr Merrill. 
3“ Geology of Long Island.” Ann. N. Y. acad. sci. 1884. 

4 Trans. N. Y. acad. sci., 14. 

4 
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Both ate and Merrill consider Long Island sound to be of 

preglacial origin. The former calls attention to a channel in the 

southern part of the sound, which probably was that of a river 

draining Connecticut in preglacial times, and which emptied into 

Peconic bay. ‘The latter points to the absence of till along the 

north shore of Long Island where the sound is wide, as evidence 

of the fact that most of the drift was dropped into the sound by 

the ice in its passage across it. | 

On the other hand Hollick considers that Long Island sound 

was dry land till the glacial period, and that the continental glacier 

upon its arrival on the Connecticut shore plowed up the material 

from the space now occupied by the sound: and pushed it ahead to 

form the range of hills along the northern part of Long Island. 

It seems to the writer however that the facts do not support this 

theory. If we suppose the northern range of hills to be composed 

of material pushed up out of the area now occupied by the sound, 

it should everywhere show signs of disturbance. This it does not 

do. The high hills of sand and gravel at Port Washington for 

example show no signs of disturbance. 

Mention should be made of a yellow gravel formation. This is 

found almost everywhere on Long Island, and sections in the rail- 

way cuttings frequently show a thickness of 30 or 40 feet. 

Staten Island clays 

The chief outcrops of clay on Staten Island are at Kreischerville, 

Greenridge and Arrochar. Besides the clay there are several sand 

beds known as “ kaolin.” 

In many instances the clays and overlying yellow gravels have 
been much disturbed by the passage of the ice over them, and in 

some cases the sections show overthrown anticlines, as on the finger- 
board road at Clifton. 

W. Kreischer informed me that the clay at Kreischerville occurs 
in isolated masses or pockets in the yellow gravel and sands. If 
such is the case, and if these beds, as is usually supposed, are a 
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continuation of the New Jersey beds, they must be &xplained as 

follows: either the original beds have been torn apart by the ice 

which bore down on them, or else they have been deeply eroded 

by the currents which deposited the overlying sands and gravels. ~ 

The writer favors the latter view. 

A boring made on the site of Kreischer’s fire brick factory 

showed: 

Gand and, Boil’ o.ciniad oc Sa ee Ree ee 30 feet 

Bl tre 61 BY ada Vie fayehain Rteadicyeidions ean ieee iat eee 90 of 

W hhithe, saitadh -.:, schiaise 13 bbe seated bstamoemeet 2A 

Sand and clay alternating........ biases yEonee 

Pokal (acicmess 2000 sik a ok ara eae eee PAG, ers 

Next to the church at Kreischerville is a bank of stratified sand 

standing some 40 feet back from the road. It appears to have 

been dug away considerably, but Mr Kreischer informed me that 

there was once a large mass of clay at this spot which was sur- 

rounded by the sand. To the north of this near the shore is a 

bank of blue stoneware clay overlain by yellow laminated sand, 

and southeast of the church is a similar bank, but the clay is of 

a more sandy nature. <A third opening is opposite Kilmeyer’s 

hotel at Kreischerville, and from this a yellow mottled fire clay is 

obtained. This latter bed is overlain by about 20 feet of sand and 

yellow gravel and underlain by a white sand. 

A fourth opening on the shore is in a blue clay. It has always. 

been an interesting question as to what extent Staten Island was. 

underlain by the Cretaceous formation; the following record of a 

well bored for Bachman’s brewery at Annandale, S. I., seems to 

throw some light on the subject. At a depth of 200 feet a bed 

of yellow gravel containing shells was struck. The gravel was 

36 feet in thickness and beneath it was a bed of clay 10 feet thick. 

The latter was of a white and blue color and was said to resemble 

a fine pottery clay. 
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The yellow gravel overlies the clay. 
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The above may very possibly be some of the Cretaceous clay 

overlain by the yellow gravel. Borings made at various points 

along the shore of Arthur’s kill, between Kreischer’s factory and 

Wood & Keenan’s brick yard, penetrated a blue clay at a depth 

of 3 or 4 feet. This latter is no doubt of very recent origin. 

At the Anderson brick co.’s pit near Greenridge, the lower 

clay, which is of a black color, shows signs of disturbance, 

and slickensided surfaces are common. The upper portions of 

the bank are of blue and gray colors, and at one spot there is a 

‘thick seam of lignite. The clay is not sufficiently refractory for © 

fire brick. Fragmentary plant remains were found by the writer 

in this pit, but they are not nearly so perfect as those found in 

the fire clay pit at Kreischerville, and which have been figured 

and described in minute detail by Dr Arthur Hollick of Columbia 

university. 

Spicules have been observed in the fire clay at Kreischerville, 

Staten Island. In the kaolin found near Kreischerville were dis- 

covered a number of diatoms, which Dr Ward informs me are 

either Coeconeis placentula Ehr., or Cocconeis 

Pediculis Ehr. Their occurrence is also of great interest, 

as these kaolins are known to be middle Cretaceous beyond doubt. 

Stony glacial clays occur also underlying the flats at Green 

ridge, Staten Island. 

One mile and a quarter northeast of Kreischer’s fire brick fac- 

tory an excavation has been made for obtaining a micaceous kaolin. 

About 15 feet of it is exposed. A quarter of a mile north of this 

locality is the pit of the Staten Island kaolin co. The kaolin is evi- 

dently a continuation of that exposed in Kreischer’s pit, but is ap- 

parently not as thick. The deposit has suffered disturbance by the 

ice sheet and the layers are intermixed with the till. At the north- 

east side of the excavation a bluish sandy clay containing frag- 

ments of lignite is found to underlie the kaolin. 

In the spring of 1898 Kreischer Bros. opened a new pit just 
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across the road from Kilmeyer’s hotel. The clay is pure white and 

some of it contains 97% of clay substance. It is extremely refrac- | 

tory, as shown by the tests given in a later part of the report. At 

the time of my visit the workings were not deep enough to show | 

the relations of the clay deposit. 

As the Cretaceous clays, kaolins and yellow gravels are a con- 

tinuation of the belt extending across New Jersey, the history of 

their deposition is the same.* | 

The following analysis of the so-called kaolin from Campbell’s 

pit on Staten oa is given in the New Jersey clay report cited 

above. 

pricig @eid and sand? Pte 8 Teeth en, Oe ae ee 92.70 

AIOs andi POs! BAO ROHL. DAR sO A 5.70 

Heft lot. te Sei flabh sink oh gel igi be i: ee a | 70 

WEARERS chines cd tue red ge tec gh 35 

A point that impresses itself on one’s notice is the abrupt change 

in color which often takes place in the clays of the Staten Island 

Cretaceous, the same bed at one place being brilliantly colored by 

iron, while only a few feet from it the clay may be perhaps black, 

or even nearly pure white. 

The Cretaceous age of the Staten Island dave has been clearly 

~ demonstrated by the many specimens of leaves described by Dr 

Arthur Hollick from these beds. (See “‘ Paleontology of the Cre- 

taceous formation on Staten Island,” T’rans. NV. Y. acad. sev. 1892. 

11: 96-104, pl. 1-4. “ Additions to the paleobotany of the Ore- 

taceous formation on Staten Island,” Ibid. 1892. 12: 28-39; 

1-4. “ Additions to the paleobotany of the Cretaceous formation 

on Staten Island,” no. 2, Annals N. Y. acad. sci. 11: 415-30) 

In the last of these papers Dr Hollick states that it was previously 

taken for granted that the clays on Staten Island were continuous 

1N. J. geol. sur. 1878. G. H. Cook. Clays of New Jersey. 
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A. Hollick, del. 

Cretaceous plant impressions from the Staten Island clays. 

1 Rhamnus Rossmassleri, Ung. Tottenville. 
2 Thinfeldia Lesquereuxiana, Heer. Princes Bay. 
8 Pterospermites modestus, Lasq. Tottenville. 
4 Laurus plutonia, Heer. Tottenville. 
5 Myrsine elongata, Newb. Arrochar. 
6 Protaeoides daphnogenoides, Heer. Tottenville. 
7, 8 Tricalycites papyraceus, Newb. Tottenville. 
9 Eucalyptus Geinitzii, Heer. Tottenville. 

10 Myrica longa, Heer. Arrochar. 
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with those of the mainland of New J ersey and that the plants found 

in them would prove to be identical with those found on the main- 

land, but this has not turned out to be the case. Many of them 

are identical, but still a number have been found on the island that 

have not been found on the mainland, and he considers that the 

Staten Island beds represent a higher member of the Amboy series. 

In plates 18 and 19 are given the more characteristic species 

taken from Dr Hollick’s papers. 

Occurrence of clay in the United States 

In the following pages a brief summary is given of the occurrence 

of clay in other portions of the United States. For those desiring 

to obtain more detailed information the references are given in 

each case. 

Alabama 

With the exception of the loams and clays used in making com- 

mon and ornamental bricks, and to a limited extent paving and 

fire brick, the clays of Alabama are practically undeveloped. 

Brick clays and loams. Material for common building brick, and 

that most extensively used, is the yellow loam of the second bottom 

or terraces of the rivers and larger streams, which traverse the 

coastal plain. 

In the Paleozoic formation are deposits of clay and loam, partly 

of a residual nature or sometimes of sedimentary origin, which 

are frequently made into brick. Of these the ordinary red clays 

make a brick which is generally hard and durable. 

At Oxford a clay occurs which burns to a cream colored brick. 

Similar clays are used in the same way near Anniston and other 

points in the Coosa valley region. , 

Vitrified brick are made from the shale occurring with the coal 

at Coaldale in Jefferson co. Materials of this kind also exist at 

other points in the Coal Measures. 

ik. A. Smith. “Clays of Ala.,” Ala. ind. & sci. soc. 27. 1892, Ala. geol. 

surv. 1900. H. Ries. Preliminary report on clays of Ala. 
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The red and purple clays of the Tuscaloosa formation would 

probably also make a good vitrified brick. 
China clays and stoneware clays. These occur in the counties of 

Randolph, Clay, Cleburne and others, and are sedimentary. 

Among the residual deposits of the Cambrian and Silurian for- 

mations are large beds of white clay, which are sometimes associated 

with limonite beds, as at Rockrun. | 

The subcarboniferous formation contains some good deposits of 

white burning clay, near Fort Payne, Valleyhead, ete. 

In the Cretaceous formation are important beds of clays of vari- 

ous qualities, which outcrop in a belt extending from Columbus, | 

Ga., into the northwest corner of the state. 

Fire clays occur and are mined at Woodstock, Bibbville, Oxford, 

ete. 

Arkansas 

In the Mesozoic regions of Arkansas are found a great variety 

of clays. Those occurring within the Tertiary region have been 

used for the manufacture of pottery, but the Cretaceous clays have 

not yet been employed for this purpose. Kaolin is said to occur 

in Pike, Pulaski, Saline, and Ouachita co., but the beds are seldom : 

over 2 feet in thickness. (Ark. geol. sur. 1888. 5: 11) 

The deposits of Pulaski co. are the only ones of those above men- 

tioned that are true kaolins, the others being white burning sedi- 

mentary clays. Good brick clays are found in all second bottom 

streams, and bricks are made at Little Rock, Texarkana, Arkadel- 

phia, ete. Paving bricks are made at Fort Smith. 

Colorado? 

_ The clay-bearing formation of Colorado may be roughly divided 

into the following three groups: 

1 Loess, and alluvial deposits 

2 Jura-Trias, and Cretaceous 

3 Tertiary clays 

1H. Ries. 1. A. I. M. EB. 1897, p. 336. 
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The loess forms an extensive deposit over a large area, not of 

great thickness, which extends from north to south across the 

state and eastward from the foothills. It is generally a very sandy 

clay with little plasticity. Clays of similar nature to the loess 

are found underlying the river terraces in many of the broader 

valleys such as those of the Arkansas, Grand river, ete. 

The Mesozoic formations extend along the eastern edge of the 

Rocky mountains, and also occur in some of the deeper valleys 

tributary to the foothill belt. They consist of a great series of 

interbedded shales, sandstones, and limestone of Jura-Trias and 

Cretaceous age, the beds being tilted at a high angle. The Jura- 

Trias shales have not been utilized, but the Cretaceous which over- 

lie them have and the Tertiary or Denver beds, which carry great 

deposits of clay, have been mined near Golden and Boulder. 

Brick clays. Al] of the common brick manufactured in Colorado 

are made either from the loess or the river clays in the valleys. 

Pressed brick clays. The Cretaceous and Tertiary formations of 

Colorado contain an abundance of clay suitable for the manufacture 

of pressed brick. They are mined at Golden, Boulder, and La 

Junta. 

Fire clays and pottery clays. These two grades of clays occur in 

close association interbedded with the Dakota sandstones, in the 

hogbacks extending along the eastern edge of the Rocky mountains. 

‘che fire clay has been extensively mined at Golden, Parkdale, and 

more recently at Delhi. The beds range in thickness from 4 to 

18 feet. 

Clay products. Common bricks are manufactured at many locali- 

ties in the state. Pressed brick are only made at La Junta, Golden, 

Boulder and Denver. Paving bricks have been produced in small 

quantities, and stoneware and sewer pipe have also been produced 

to a limited extent. The most important clay products made in 

Colorado are refractory wares, such as fire brick, locomotive 

blocks, muffles, scorifiers and crucibles. This is naturally one of 
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the important lines of the clay-working industry of the west, and 

those well made bear an excellent reputation; indeed the Denver 

fire clay crucibles are considered by many to be fully equal to the 

English. e 

Connecticut 

Sedimentary clays of Quaternary age are found in many of the 

valleys in great abundance; they resemble in character those of the 

Hudson valley, and northern New Jersey. They form the basis 

of an important industry, specially in the Connecticut valley. 

The clay products manufactured in Connecticut are with the 

exception of building brick made chiefly from clays obtained from 

other states. 

Delaware 

Kaolin of excellent quality is extensively mined at Hockessin, 

Newcastle co.; fire clays of Cretaceous age have also been worked 

in the state. 

The Columbian formation affords an abundant supply of brick 

clays. ae 

Florida 

The clay resources of Florida may be grouped under three heads, 

i. e. kaolins, common brick clays, and fullers’ earth. The kaolins 

are not such in the true sense but are really sedimentary clays, but 

they have a high degree of purity. Two important deposits of this 

material are at present known to exist in the state. The first of 

these at Edgar, Fla., where the bed of ball clay mined is more 

than 30 feet thick; the other deposit occurs near Lake City, and 

extends along the Palatlakaha river for a distance of about 4 

miles. This deposit has been but little mined. This plastic ball 

clay consists of about 75% of quartz pebbles, and 25% of clay sub- 

stance. The quartz is easily washed out, leaving a very pure 

product, which is shipped north and used by many of the manu- 

facturers of white earthenware. 



CLAYS OF NEW YORK 615 

The brick clays are of course found at many localities and are 

most extensive at Jacksonville. 

Fullers’ earth was first discovered at Quincy, Fla.; it has been 

mined more at that point than at any other, but it is known to occur 

at several localities between Quincy and River Junction, as well as 

outcrop at several places around Tampa bay. 

Georgia 

Building brick are made at many localities, either from alluvial 

clays found in the river valleys or from residual clays which occur 

everywhere in the area underlain by the crystalline rocks. 

Kaolin, sometimes of a pure white color, occurs in pockets in the 

residual earths of the Knox dolomite, while clays resulting from the 

decay of the Paleozoic rocks are also common, but many of them 

are easily fused. (J. W. Spencer. Report on the Paleozoic forma- 

tions of Georgia, 1893) According to Prof. Spencer, the most 

extensive clay deposits occur along the northern belts of the Ter- 

tiary strata in the southern part of the state. 

The Potomac formation specially contains many clays of a white 

or nearly white color, which are often of a very high refractory 

quality. (G. E. Ladd. American geologist. Ap. 1899. p. 240) 

Indiana 

In reeent years two important contributions bearing on the clay 

resources of Indiana have been published by the present state 

geologist. (See 20th and 22d ann. rep’t Ind. geol. sur.) 

In speaking of the Indiana clays in general, it can be said that 

there are 

1 Residual clays, viz, a) rock kaolins of Lawrence and adjoin- 

ing counties, b) surface clays of the driftless area of southern 

Indiana 

2 Sedimentary clays including a) shales and fire clays of Paleo- 
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zoic age, b) alluvial clays along the streams, c) drift clays of north- 

ern and central Indiana. 

The clays of the coal-bearing counties support an active and rising 

industry, and these are found in the following counties, Fountain, 

Vermilion, Parke, Vigo, Clay, Owen, Sullivan, Greene, Knox, 

Daviess, Martin, Dubois, Pike, Gibson, Vanderburg, Warwick, 

Spencer and Perry. 

The following represents a typical section from the Indiana Coal 

Measures. 
Ft In. 

ior and Suriace drive Clays fo ee res ee 9 

2 Dive conipaern shale ty. OAs Sears Heart 27 Ae 

S Dark" bitummeus shale PUA 2sug & i bon) 3 2 
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6. Drab siliceous’ shale Vac ote. 18 ats 
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8 Dark bituminous shale ............... 1 4 
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The fire clays no. 5 and 10 are universally present. No. 2 and 

6 are considered, taken as a whole, to be the most valuable clay 

beds in the state. | 

Important clay deposits also occur in the counties of Benton, 

Newton, Jasper, Starke, Lake, Porter, La Porte and St Joseph. 

Those of Benton co. are of glacial origin, as are those of Newton 

co.; most of the other counties mentioned contain glacial clays. 

The Porter co. clays are both glacial and marly. The latter are 

made into pressed brick by hydraulic brick machines. Around 

South Bend and St Joseph co. are thick deposits of pearl gray, 

marly clay of a very fine grain and plastic nature, which burn to a 

light yellow building brick or a greenish yellow paving brick. 

a 

ee = 
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Kansas 

Most of the clay deposits of this state are surface beds of Quat- 

ernary age. The loess is extensively used in the eastern counties; 

at Pittsburg a 10 foot bed of Carboniferous shale occurs, which is 

used for the manufacture of fire brick and paving brick. Fire 

clays also occur at a number of other localities in association with 

the coal beds, but they have not been used to any great extent. 

Kentucky 

The state of Kentucky contains numerous clay deposits, many 

of them of excellent quality. 

They are found in several geologic formations, beginning with 

the Cretaceous, of western Kentucky, which shows an abundance 

of brick clay, fire clay and pottery clays. 

In the Cretaceous and the Coal Measures, clay suitable for 

making vitrified brick as well as fire brick, occurs. 

Fire clay is found in Carter co., where it is now being mined and 

carried to Louisville for manufacture. Similar clays are known 

in the counties of Ballard, Muhlenberg, Grayson, Edmonson, 

Graves, Hickman, Calloway, Fulton, Bell, Boyd. Most of these 

clays are said to run high in silica and alumina and low in fluxes. 

The clay from Graham station, in Carter co., is of high quality. 

A flint clay from this locality shows on analysis: 

Lh SE RIESE ee Ts See OME AN) 49.75 

gee es i EP OE oh 8 20 0 35.16 

oh Or ie lat ae ie Ue © ok ee ee . 30 

ham 3a (cpt a a, 54 

LACAN... ons eeaeh eR CN Re es es ate .15 

Potash. and, SOGR cha ee re ie a ao a .O7 

NRT ial car orn iaheh & = GR ia a Beye o's 14.038 

This clay is used for making locomotive fire box tiles, cupola 

tile, glass furnaces, grates, boiler tiles and stove linings. Vitrified 
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brick clay has been developed at Cloverport, and in Grayson near 

Millwood, about 80 miles from Louisville, it being worked at this — 

point by the Louisville sewer co. | 

Potters’ clay is found chiefly in the Tertiary beds which are 

found in the Jackson purchase. This region includes the counties 

of Calloway, Graves, Marshall, Hickman, Fulton, Butler, Edmon- 

son, Grayson, Ohio and Madison. The best developed mine is 

that at Pyorsburg, 6 miles from Mayfield in Graves co.; the clay 

at this point is over 40 feet thick, a most excellent grade of ball 

clay. . 

Glass pot clays are said to exist in Bell, Marshall, McCracken, 

Carlisle, Hickman, Fulton and Calloway co., but their value has 

not yet been commercially demonstrated. 

Lowisiana* 

The clays of Louisiana are all Post-tertiary and sedimentary im 

their origin. There are no important residual clays in the state. 

except in one very small area. This is in the northeast corner, 

near the Arkansas line. Three distinct types of clay are worked 

"in Louisiana, each being characteristic of the section of the state 

in which it is found. The oldest of these geologically is the mot- 

tled gray clay of southeast and southwest Louisiana. These clays 

are of early Columbian age, and constitute the pine flats of the 

coast and the second bottoms of the coastal streams. They have 

been worked for a long time locally for the manutacture of com- 

mon building brick. But only in the last few years have they 

been utilized on a large scale. | 

The next important group of clays is of a later Columbian age 

and is found above the alluvial valley of the modern Mississippi 

river. They form a continuous bluff overlooking the river from 

the Mississippi state line to Baton Rouge. Thence they bear south- 

eastward to near Lake Maurepas. These clays have been exten- 

1 Engineering journal. 15 Oct. 1898. See also paper by H. Ries in I1sé 

Ann. rep’t La. state geologist. 

EE 
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sively worked around Baton Rouge; they make a good quality of 

building brick but at many places they are covered with a great 

thickness of loess. Similar clays of the same age form a series cf 

bluffs on the western side of the present Mississippi valley from 

the Arkansas state line to the Gulf of Mexico. These clays have 

been worked at Marksville, Washington and New Iberia. At the 

latter place a good dry pressed brick is made from them. 

A third group of clays comprises a series of pocket-like deposits 

_ in modern alluvium of the Red river. They probably represent 

abandoned portions of the river bed. In addition to these three 

main groups of clays, others of Lafayette age occur in northern 

Louisiana. Lignitic shales are also found in certain portions of 

northern Louisiana near Shreveport. These may perhaps be suit- 

able for the manufacture of paving brick. 

Maine 

The clay industry of Maine is on the decline. There are a num- 

ber of brick yards along the coast, which in former years sent 

their product to Boston, but the establishment of local yards 

around the latter city has had a bad effect on this trade. Two 

stoneware potteries, one at Portland, the other at Bangor, are still 

In operation, but they draw their material largely from other 

states. The clays found in Maine are all of Quaternary age. 

Maryland 

This state supports an active clay-working industry, but little 

is known concerning the raw material. Kaolin and pottery clays 

are said to occur at a number of localities. In the western portion 

of the state, at Mt Savage, occur important deposits of flint and 

plastic fire clays. The Devonian shales are employed for paving 

brick, and in the Potomac formation around Chesapeake bay, 

there are large quantities of clays of different grades. 
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Massachusetts 

The clays are mostly Quaternary, suitable for brick manufac- 

ture, and are extensively dug around Boston for brickmaking. 

. Kaolin is mined at Blandford, and in the western part of the state 

buff burning clays occur which are adapted to the manufacture of 

buff brick and terra cotta: 

Refractory wares and art pottery are made near Boston from 

clays mined in other states. | 

Michigan? 

The clay-working industry of Michigan has not been developed 

to any extent except in the line of common brick manufacture. 

Much of the state is covered with glacial drift; local beds of clay 

are found in connection with this. In this glacial formation the 

_ lowest is the blue gravely clay from 7 to 12 feet thick, which is 

utilized at Springswell, near Detroit, also in Ottawa, Allegan and 

Barry co. The products of this clay are red, sand-molded, 

white, machine-pressed, red, machine-pressed, and sewer bricks. 

The clays of the extreme northern part of the lower peninsula of 

Michigan have too much lime to be of any great commercial value, 

but are used locally to some extent. 

At Coldwater all the clays are used for cement manufacture. 

Ship clay is found at Rockland and Luther. 

The shales associated with the coal seams are suitable in many 

cases for making paving brick or stoneware, and some may be semi- 

refractory. : 
Mississippi 

The Eocene and Miocene are the most important clay-producing 

horizons in this state but beds of good quality also occur in the 

Carboniferous and Cretaceous. The clays have been but little used 

except for the manufacture of common brick and the lower grades 

of pottery. (Geology of Mississippr. 1860) 

1C, L. Whittle. ‘‘ Clay industry of Massachusetts.” Min. Ind. 7: 125. 
*E. and M. J. 29 Aug. 1898. Also paper on Michigan shales by H. Riesin - 

Michigan miner for 1899. 
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Missourv’ 

The clays of Missouri belong to the following classes: 

Chinaware clays 

Flint clays 

Plastic fire clays 

Pottery or stoneware clays 

Shale, and brick clays 

Chinaware clays. The Missouri kaolins south of the Missouri 

river are of Paleozoic age. The belt is worked in Cape Girardeau 

and Bollinger co. and extensively in Howell co. The Mis 

souri kaolins are residual, and the interesting feature about them 

is that they have been derived from the decay of aluminous lime- 

stone, whereas the igneous rocks of the region furnish only impure 

chinaware clay. The Missouri kaolin is generally highly silicious 

in its composition, but this is not exceptional. 

Flint clays. Tho flint clays of Missouri often approach closely in 

composition to kaolinite. They occur in the central part of the 

state, being abundant in the counties of Warren, Montgomery, 

Calloway, Osage, Franklin, Crawford and Phelps. The geologic 

age may be Carboniferous, Silurian or Ordovician. They form a 

eradle-like deposit in the limestone which has a depth of 50 to 200 

feet, and 15 to 50 feet. Most of them have less than 2% of im- 

purities. They have from 30% to 43% of alumina,and14%to 15% of 

combined water, thus resembling kaolinite in their composition. 

They are devoid of plasticity, and in use have to be mixed with 

plastic clays. They generally begin to fuse at a temperature of 

2300°, but do not become viscous under 2700°, and are therefore 

_ fairly refractory. 

Plastic fire clays. All of these occur in the Carboniferous, asso- 

ciated with seams of coal. They are generally massive, dense, hard, 

and plastic. Those around St Louis are specially important and 

form the base of the enormous local development of the clay-work- 

ing industry. 

4 Mo. geol. surv., 11. H. A. Wheeler. Clays of Missouri. 
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Stoneware clays. They occur in four different geologic forma- 

tions: 1) as pockets in Paleozoic limestone in the southern half of 

the state, similar to the flint clays; 2) as seams of some fire clays 

in the Coal Measures of the northwestern half of the state; 3) as 

beds in the Tertiary, in the southeastern corner of the state, which 

are by far the most prominent; 4) as local beds in the northern part 

of the state. These are unreliable. The stoneware industry of 

Missouri is at present very small, being represented by a few small 

scattered works. i 

Shales. These are the important portion of the Missouri clay 

materials. Important deposits exist around Kansas City, and 

St Louis; they are used for the manufacture of terra cotta, roofing 

tile, sewer pipe, drain tile, and flower pots. The paving brick 

industry which also depends on this material is represented by 13 

plants located in the central and western region of the state. 

_ Brick clays. These include loess clay, glacial, residual clays, and 

alluvial clays. ‘The first are the most important in Missouri. They 

make a good grade of brick and are easily worked; they are also 

uniform in quality and hardness. Their chief development is 

along the Missouri and the Mississippi rivers, the beds of the former 

being sometimes as much as 200 feet in thickness. The glacial 

clays are variable in character. The residual ones are usually very 

tenacious, and crack in burning. The alluvial ones are likewise 

variable. The Gumbo clays are chiefly used in making railroad 

ballast. The northern part of the state is rich in them. 

New Jersey 

In 1878 the New Jersey geological survey issued an extremely 

valuable report on the clay resources of that state. The clays of 

New Jersey are Quaternary, Tertiary, and Cretaceous, the latter 

including beds of fire clays, fire sands, and white burning clays, 

which are commonly, but erroneously, called kaolins. 

The clays extend across the state in a belt 5 to 8 miles wide, from 

Perth Amboy to Trenton; the deposits on Staten Island are a con- 

tinuation of this belt. 
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There are three districts recognized. 

The section exhibited by the clay deposits involves the following 

members, beginning at the bottom. 

1 Raritan potters’ clay bed 

2 Raritan fire clay bed 

3 Fire sand | 

4 Woodbridge fire clay, a most important bed 

5 Pipe clay 

6 A bed of feldspar, commonly called kaolin, being really a 

mixture of kaolinite with white quartzose sand, and fragments of 

quartz which are rounded on their edges 

7 Another kaolin bed 

8 South Amboy fire clay bed, 20 feet thick 

9 Stoneware clay 

These clays form the basis of an important fire brick and pottery 

industry. 

The Quaternary brick clays are abundant in the region around 

Hackensack, near New York city. 

Recently important beds of light or white burning plastic clays 

have been developed in the Tertiary formation of southeastern New 

Jersey. 

Nebraska 

The clay resources of this state are similar to those of Kansas. 

Brick clays are used locally in the vicinity of the more important 

towns. A fine kaolin-like clay is found on Pine creek in Cherry co. 

North Carolina’ 

The clay deposits of North Carolina may be divided into 

Residual: kaolins, fire clays, and impure clays 

Sedimentary: coastal plain clays, of Cretaceous, or Tertiary age 

Sedimentary surface clays (for brick and pottery) are found 

mainly along the streams and low lands in the Piedmont plateau 

and mountain counties. 

iN. C. geol. surv. H. Ries. (lays and clay industry of North Carolina, 

bulletin no. 13. 
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Residual clays. These occur in the western half of the state 

west of the line passing through Weldon, Raleigh and Rocking- 

ham. ‘They form an almost universal mantle and vary in thick- 

ness from 38 to 20 feet. These impure residual clays are gen- 

erally sandy and very porous, but with proper machinery and 

treatment they yield a good grade of brick. 

The residual fire clays found at Pomona and Grover are coarse- 

grained clays with much intermixed quartz and mica. 

The kaolins are of special importance and of excellent quality, 

the most important being at Webster, and west of Sylva. | 

Sedimentary clays. The coastal plain deposits of North Caro- 

lina furnish the most extensive beds of clay to be found within 

the state. They have been classed as belonging to Cretaceous, 

Eocene and Pleistocene formations. The Potomac clays of the. 

Cretaceous are exposed at Prospect Hall on the Cape Fear river, 

and the Eocene beds are well shown in railroad cuts at Spoutsprings 

Fayetteville. | 

Many clays suitable for the manufacture of brick and of pot- 

tery are found underlying the river terraces farther inland, as 

along the Catawba, Yadkin, and the Clark rivers. Other sedi- 

mentary clays are well developed around Wilson, Goldsboro, and 

Fayetteville. 

North Dakota 

The clays of North Dakota are of Cretaceous, Tertiary, and Post- 

tertiary age, and abound in many sections of the state. While they 

are suitable for a variety of purposes, they have thus far been but 

little worked. (Report of commissioner of labor and agriculture. 

1891-92) 
Ohio' 

The principal centers of development of clays are in most in- 

stances the same as those which furnish the coal. ‘The Subcar- 

honiferous contains valuable deposits of flint clay, which is mined 

1 Ohio geol. sur. v. 7, pt 1. E. Orton jr. Olays and clay-working industries 

of Olio. ‘s 
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at several points in Hocking co., and the Carboniferous conglom- 

erate also contains several beds of fire clay. Other beds occur 

over the Sharon coal in the Massillon sandstone, and are used for 

making sewer pipe and pottery. Another important bed under- 

lies the lower Mercer limestone. Several important clay deposits 

occur in the lower Coal Measures, the beds varying in thickness 

from 6 to 30 feet. The Kittanning clay and shale is the most 

important in the state, and is the horizon which yields the well 

known Mineral point fire clay. Other beds are found in the 

middle Kittanning and the lower and upper Freeport members of 

the Coal Measures. 

In northern and western Ohio, the drift clays form an abundant 

supply of material for the making of common brick. 

Pennsylvania 

The most prominent clay deposits of Pennsylvania are the re- 

fractory shales and clays which occur in the Coal Measures, spe- 

cially in the western portion of the state. The beds are often 

extensive, and occupy well marked stratigraphic positions. Among 

the more important of these may be mentioned the Bolivar fire 

clay, which occurs just under the Freeport upper Coal Measures. 

Another important bed of clay lies immediately under the Kit- 

tanning coal, throughout Beaver co. Another valuable bed is 

found near the top of conglomerate 12, and is mined in Cambria, 

Indiana and Beaver co. 

Large quantities of true kaolin are mined in Chester and Dela- 

ware co., and the mines at Brandywine summit have been in opera- 

tion for a number of years. 

The brick clays are abundant and important in and around 

Philadelphia, where they belong to the Columbian formation; 

while the river terraces in the valleys of the Ohio and Beaver 

rivers are underlain by clay suitable for the manufacture of brick, 

terra cotta and stoneware. 
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South Dakota’ 

The clays of South Dakota are classed as brick, potters’, fire 

clays, and fullers’ earth. ae 

Brick clay. The material most commonly used for brickmak- 

ing in South Dakota is some kind of loam such as that supplied 

by the loess in Union, Minnehaha, and Moody co. It is also 

thick in the high terraces along the Missouri, and Cheyenne 

rivers, and in most of the country south of the White river, in 

the Laramie formation, in the northwestern counties of the state. 

Local beds are found underlying the flood plains of the large 

streams. 

Potters’ clay. Very plastic dark clays are said to abound in 

the Benton and the Pierre groups of the Cretaceous. 

Light colored clays abound in the White river beds, and in 

several horizons of the Paleozoic of the South hills, which furnish 

clays that are probably adapted to the potter’s. purposes. 

Fire clays. Extensive deposits of fire clay occur in the Dakota 

formation, which forms a rim around the Black hills. This bed 

has been worked for several years, specially at Rapid City. 

 Fullers’ earth. Beds of this material have been reported from 

the vicinity of Fairburn, Custer co. | 

Tennessee 

The clay resources of this state are very similar to those of 

Kentucky. (R. T. Hill. Mineral resources, U. S. geol. sur. 1891) 

The Carboniferous fire clays and shales are abundant in the east- 

ern half of the state, and pottery clays of the Eocene, and La 

Fayette formations are extensively developed in the western part. 

Around Chattanooga, there are important factories for the 

manufacture of fire brick and sewer pipe. 

Texas 

Brick clays are abundant throughout the state. Many of the 

Tertiary clays are suitable for drain tile and terra cotta, specially 

1J, E. Todd, H. and M. jour. 24 Sep., 1898. 
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those of the timber belt and the Fayette formations, while fire 

clays occur in the timber belt beds in Fayette, Henderson, and 

Limestone co., and in the Fayette in Fayette co., but the last run 

rather high in impurities. 

The occurrence of clays is mentioned from various localities in 

the report on Grimes, Brazos, and Robertson co. 4th ann. rep’t. 

Tex. geol. sur. 

Virginia 

Brick clays are extensively worked in the vicinity of Wash- 

ington, kaolin is said to occur in Augusta, Wythe, and Cumber- 

land co., while there is the usual abundance of residual clays 

in those portions of the state not covered by Cretaceous and 

Tertiary deposits. 

Wyoming' 

All the clays of Wyoming that have any commercial importance 

occur in the sedimentary beds of the Jurassic and Cretaceous for- 

mations, but are also found to some extent in the Tertiary. The 

formations containing these clays are found flanking nearly all the 

mountain ranges in the state. But with the exception of their 

being used for the manufacture of common brick in a few locali- 

ties, very little development has occurred. All the fire clay prod- 

ucts now used in Wyoming are manufactured in Colorado; pressed 

brick are also shipped into the state from various points. 

The loess is utilized at a number of places in Wyoming. 

1W.C. Knight. E.and M jour. Nov. 1898. 
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CLAY-WORKING 

Structure of clay deposits : 

Residual clays. The mode of origin of these has already been 

mentioned. Such a clay may occur either in the form of a broad 

mantle over bed rock, of variable depth and lateral extent, or it 

may occupy the position of a vein cutting across the strike of the 

other rocks or sometimes parallel with their bedding or lamination. 

Residual clays of the first type are abundant in the upland regions 

of the southern states and form the most abundant brickmaking 

material of that part of the country. | 

Residual deposits of the second type result commonly from the 

decomposition of veins of granite or feldspar. They vary in width 

from a few inches to several hundred feet. Their vertical extent 

depends in most cases on the depth to which the weathering has 

reached, except in the case of those kaolin deposits which have re- 

sulted from action of subterranean vapors. (See “ Origin of clay,” 

p. 496) Vein formations of kaolin seldom show great length, and 

usually pinch out in both directions. In some localities they are 

however known to be as much as 1000 feet long. They are com- 

monly separated from the country rock by more or less sharp 

boundaries, which are preserved even though the wall rock also be 

decomposed, as it usually is. They frequently branch, and at times 

contain lenses of quartz, which resist the weathering agencies and 

stand out in bold relief on the surface. It rarely pays to work a 

vein under 6 feet in width. 

Sedimentary clays. These occur in the form of beds either close 

to the surface or interstratified with other deposits which have been 

formed by water, such as sandstones. Deposits of sedimentary 

clay do not pass gradually into the underlying rock as residual 

elays do. In many parts of the United States sedimentary clays 

form lensshaped masses which are surrounded on all sides by sand. 

The clay beds of Staten Island well illustrate this point, and the 

conditions observed are caused by variations in the velocity of the 
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currents which laid down the materials, sand being deposited when 

the velocity of the current was swift and clay when the water was 

quiet. 

All of the New York clays are of sedimentary origin except 

those occurring along the New York-Connecticut border line near 

Amenia and Sharon. 

Prospecting and exploring 

In prospecting for clay the topography is often of much help. 

In the northern and western portions of the state the clay is gen- 

erally found in the bottoms of broad valleys. An example of this 

is the Genesee valley. Again at other localities the clay is found 

underlying terraces along the sides of the valleys, as in the Hud- 

son valley and along Lake Champlain. Deposits of a similar char- 

acter will be found along the Delaware and Susquehanna rivers. 

A terrace however does not necessarily indicate the presence of 

clay, for some of the Hudson valley terraces are underlain by till. 

On Long Island for example the clay is found almost entirely 

along the north shore; it no doubt underlies most of the island, 

but on the southern side there is in most instances such a cover- 

ing of sand as to make it useless. The presence of clay can often 

be detected in railroad cuttings, in the sides of gullies or ravines. 

In many instances however the occurrence of clay is only sus- 

pected; then borings must be made with an auger to determine its 

presence. As a deposit of clay is seldom of uniform thickness 

throughout its extent, a sufficient number of borings should he 

made in order fully to determine this point; a bed of clay may be 

40 feet deep at one point and thin out to 5 or 6 feet within a dis- 

tance of 15 feet. The writer has seen several instances in which 

expensive plants have been erected and come to a speedy end, sim- 

ply because the clay gave out, whereas the disaster might have been 

avoided by previous exploration. Another important point to de 

termine is the presence of sand for molding and tempering. Many 

of the clays in this state can not be made into brick without the 
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addition of sand. Along the Hudson river and on Long Island 

tempering sand is a much needed article, but fortunately it is near 

at hand. With molding sand it is different, for wherever soft mud 

machines are used it is necessary. Very often it can be obtained 

from some neighboring hill, but sometimes it has to be brought 

long distances. 

Having determined by boring or otherwise, the extent and 

thickness of the clay at the locality where the brick yard is to be 

established, the next step is to strip a portion of the surface to a 

sufficient depth to expose the clay. 

The amount of stripping to be done varies. On Long Island — 

it is sometimes as much as 20 or 80 feet. Along the Hudson 

valley it varies from a foot or two of loam, or 3 or 4 feet of sand 

up to 15 or 20 feet. In both these regions the sand can be used 

for tempering, though the quantity stripped is far in excess of the 

demand. At some points in the Hudson valley the surface is cov- 

ered with scrubby trees troublesome to remove. In the northern 

and western portions of the state, there is at most places only a foot 

or two of soil covering the clay. 

When a yard is first started, the stripping, whatever its charac- 

ter, can be used for filling. 

Natural drainage is always an extremely desirable thing, for 

having to keep the clay pit clear of water only adds to the cost of 

production. Neighboring streams and springs are often a constant 

source of annoyance, specially if the clay deposit is situated in ai 

valley. They are chiefly troublesome when the sand bed, which 

often underlies the clay, is struck and allows the water to run in 

and flood the workings. 

The presence of a sufficient quantity of clay or shale does not 

insure quality, and before erecting a clay-working plant, it is 

necessary to examine into the quality of the clay and its possible 

applications. 

The laboratory methods of investigation have reached a high 

degree of development at the present day, and by such means much. 
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information can be gained concerning the quality of the material. 

If these results are promising, it is worth while sending several 

barrels of the clay to different works, in order to test it on a 

practical scale. | 

Analyses, with our present knowledge of clays, are of more value 

in the case of high grade materials. | 

Methods of working 

1 The clay is dug at any convenient spot in the bank, usually 

at the base, working inward; thus in the case of a high bank 

eventually leaving quite a steep face. ‘The bank is apt to slide 

sooner or later and the men begin again at the base of the slip and 

work inward. There is one disadvantage in this method, that the 

several qualities of clay, if it be in strata, become mixed, which is 

not desirable in all cases. It has, however, the advantage of mak- 

ing the haulage all on one level. Of course, in this method, haul- 

age by cart is the most convenient. Cost, 25-30c a thousand 

brick for about 500 feet of lead. 

2 A second method, one rarely used, is to loosen the clay by 

means of plows and bring it to the yard by scraper, provided of 

course the clay bank adjoins the yard. Very few yards employ this 

method. It costs about 20c a thousand brick to plow the clay and 

bring it down with scrapers. To this must be added the price of 

getting the clay from the heaps to the molding machines, a distance 

of about 50 feet. In plowing clay, the bank is usually worked at an 

angle of about 30 degrees. This method has no special advantage. 

The clay is more broken up and is exposed to the weather for 

several days; this adds materially to the quality of pressed brick, 

but for common brick it is of little importance. This method is 

sometimes used where the deposit is extensive and shallow, wheel 

scrapers being used in case the haul is not long enough to require a 

locomotive. 

3 Working in benches. This method is one commonly used 

where the bank is over 25 feet high. The benches are 6 to 8 feet 



632 NEW YORK STATE MUSEUM 

wide and 7 to 9 feet high. Roads lead up to the separate benches, 

and each bench is worked in advance of the lower one. 

Where the clay has streaks of quicksand the roads have to be 

planked. If the bank is below water level there is the additional 

expense of pumping. This method is of importance along the 

Hudson river, where many of the clay banks are of considerable 

hight, and the use of benches often prevents a slide of the clay. 

4 Steam shovel. Though this method of mining has been suc- 

cessfully practised at many western localities, the only place in this 

state where it has been tried is Croton landing in the Hudson valley. 

These clays do not as a rule stand well with a vertical face, and asa 

‘result the bank slid, burying the shovel. Where the clay bank 

contains several different layers of clay, which are mixed together 

for making brick, the steam shovel is a good thing, as it digs from 

bottom to top of the bank at each stroke. Steam shovels are an 

economical means of mining soft shale, where the capacity of the 

yard warrants it, and may also be used for clay. 

5 Dredging. This method like the preceding is only practised at 

Haverstraw and Croton point. The dredged clay is dropped into 

hoppers, which, when full, are run up inclined planes on shore and 

dumped. Cost 12-15¢ a thousand delivered on shore; then 12¢ 

for haulage to ring pits. 

6 Undermining. Many brick manufacturers use this method of 

mining their clay, specially when the latter is tough. Wedges are 

driven in on the upper surface, a foot or two from the edge; at the 

same time the face is undermined by picking, to a distance of 2 

or 3 feet. It is not advisable to work a bank more than 20 feet 

high by this means, and in almost any case it is a rather dangerous 

method to employ. 

7 Blasting is very often resorted to in banks of tough clay and 

always in the case of a shale bank. A small charge of dynamite 

usually suffices to bring down a large quantity of the material. 

8 Haulage. The brick manufacturer generally establishes his 

plant near the supply of clay, so that the haulage distance is from 
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100 to 300 feet. Within these limits it is economical to use one 

horse carts, but above 300 or 400 feet there are other means of haul- 

age which will generally be found cheaper. There are exceptions 

where carts are used for hauling long distances; for instance, at 

Port Ewen on the Hudson the clay is carted 900 feet in some 

cases, and at Haverstraw some of the firms bring their clay a dis- 

tance of a quarter of a mile in one horse carts. The character of 

the Hudson valley clay banks is such that train haulage would not 

be practicable, as the tracks would have to be shifted so often. 

Cars. As a rule where the haulage distance exceeds 500 feet 

ears are used. They are run on tracks and drawn by horses; if 

possible the track is laid down grade from the bank to the yard. 

Sometimes the loaded cars are run down to the yard by gravity, 

the horses being only required to draw them back when empty. 

Cost 10c a eubic yard for about 500 feet lead. 

Locomotive haulage. This is a cheap method where the scale of 

operations warrants it; that is to say, for a yard having an annual 

capacity of 15,000,000 or upward. The cost by this method is 

about 5¢ or 7c a thousand brick (about one and a, quarter to one 

and a half cubic yards of clay being reckoned to a thousand brick) 

for a distance of 600 or 800 feet. It is necessary, of course, to have 

ears filled with clay ready for the engine as soon as the empty 

ones are drawn back; otherwise the expense would become great if 

the engine had to spend much time waiting. The cost given above 

does not include wear and tear on plant. 

Wire rope haulage. A few yards use this method where the 

haulage distance is small; the winding drum is placed under the 

machine shed near the pug mill or crushers; side or bottom dump- 

ing cars are used. 

Gravity planes may also be mentioned, but they are less used than 

they might be. 

Purification of clay 

In the manufacture of common clay bricks it is seldom necessary 

to give much time to the preparation of the clay, but in the case 
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of better grades of ware, such as front brick and terra cotta, the 

preparation of the clay is often a matter of the greatest importance, 

in order to provide a mass of material which will be homogeneous 

throughout, and whose physical properties shall not vary. It some- 

times happens that this operation means simply the breaking up of 

the clay thoroughly or the loosening of all the clay particles. The 

greater the care with which these operations are carried on the 

‘more homogeneous will be the material and the better the grade 

of the wares produced. 

Removal of foreign matter 

This can be sometimes rendered harmless either by distributing 

it in a finely divided condition through the clay, or by the addition 

of chemicals, or sometimes it may be removed entirely, the method 

employed depending on the character of the clay. 

Cleansing clay. This includes the removal of roots, pyrite, lime 

pebbles, and similar substances. ‘The simplest method is by hand- 

picking, which is slow and incomplete. The custom followed at 

the present day is either to dry the clay and pass it through a sieve 

of the proper mesh, or to treat it to a washing process or even to 

an air separation. 

Cleaning dried clay. Most clays are naturally moist, but when 

occurring in the form of shale the percentage of water is usually 

very low; very sandy clays are also apt to run low in moisture. 

With dried clays, the purification can be accomplished by first pul- 

verizing the material, and then allowing the product to fall through 

a strong air current, the effect of this being to separate the particles 

according to their specific gravity, those of clay being carried far- 

thest, while heavier particles, such as pyrite, are dropped first, a 

fairly complete separation taking place. 

Wet process of purification. This is done by subjecting the clay 

to a washing process. (See “ Preparation,” p. 799) 

Separation of iron particles. In the manufacture of certain 

products, and also certain glazes, it is necessary that the material 
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used shall be thoroughly free from iron, as in burning, this element 

makes itself very noticeable; slight specks of it might mar the ware 

sufficiently to make it unsalable. The removal of iron grains is 

accomplished by means of a strong magnet, which in case the clay 

is used in the form of a slip, is suspended in it, or, if powdered 

clay is used the powder is allowed to pass over the poles of the 

magnet; in either case the iron particles are extracted, the magnet 

being cleaned from time to time. | 

Purification of fluxes and grogs 

Many of the materials belonging to either of these two classes 

are often more or less dirty and can be cleaned by washing. If the 

grogs used, however, contain appreciable particles of iron, itis best 

to remove these by hand picking as far as possible, before the 

material is powdered for use. Feldspar having a red or yellow 

color frequently contains iron oxid, and such should not be used if 

the feldspar is to be used in the manufacture of light colored or 

colorless glazes, while if it is to be used for dark glazes the iron 

oxid contents are of less importance. 

Many red feldspars, however, when calcined became pure white, 

showing that the coloration is not due to iron. 
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USES OF CLAY 

Characters of brick clays 

Under this head is included ‘a very wide range of materials, de- 

pending on the quality of the product to be made. 

For common building brick almost any clay of good plasticity 

will do, and this very fact has been most extensively abused by 

brick manufacturers, encouraged by indifference on the part of con- 

tractors who are very often inclined to regard common brick as 

simply so many cubic feet of burned clay, little attention being 

paid to the quality of the product. 

As the different kinds of brick can not all be made from the 

same kind of clay, it will be best to consider separately the requisites 

of the clays used for these different types. 

Clays for common bricks. For this purpose the more impure clays 

are generally utilized, and in general those which burn to a red 

color. Calcareous clays are often employed, specially around Chi- 

cago. Such clays produce a buff product. Many morainic clays 

of south central New York are of this nature. | 

Clays for making common brick should burn to a good red color 

at a temperature not greater than 2000° F. or 2100° F. They 

should also have sufficient fluxes to cement the clay particles to- 

gether, forming a hard dense body, when subjected to the above 

amount of heat. From 5% to 7% of iron is desirable, as this amount 

has been found to exert the best coloring action. A large amount 

of lime is undesirable, for it brings the temperatures of fusion and 

incipient vitrification too close together, though with care a good 

brick can be made from a clay containing 20% to 25% of carbonate 

of lime. (Seger’s Ges. Schrift. p. 265) The celebrated Mil- 

waukee brick contain 22% of lime carbonate and the clays used for 

making front brick at Canandaigua, N. Y., have 20%-23¢. 

The tendency of lime as previously stated is to lessen the shrink- 
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age of the clay in the burning, and it will be the more injurious the 

less finely divided its condition; consequently if a brick clay con- 

tains lime it should be seen to that the substance is finely and 

evenly disseminated throughout the material, for if in lumps it is 

very apt to split the burned brick. Many brick clays which con- 

tain lime pebbles are often dried and screened before using. 

Sand decreases both the plasticity and the tensile strength of the 

clay as well as the shrinkage. This fact is frequently known and 

utilized by the manufacturer to diminish the shrinkage of his clay 

in both drying and burning, consequently reducing the danger of 

obtaining a warped or cracked product. Some clays will stand as 

much as 25% of sand. The coarser the sand, the more marked will 

be its effect on the shrinkage. On the other hand, if the grains 

of sand are angular and of too large size, they may of themselves 

produce a cracking of the ware; and it should be borne in mind that } 

there is danger of adding too much sand to a clay, for the tendency 

will be to produce a weak, porous brick, specially if the latter is 

hand-molded. 

Fine-grained clays and very plastic ones generally need to be 

dried very slowly, the reason being that on account of the smallness 

of the pores the moisture can not escape readily, and the outer por- 

tion of the brick dries and shrinks more quickly than the interior, 

with the resultant cracking. Rapid drying may be prevented 

somewhat by adding salt water to the clay, and this is a common 

practice in parts of Missouri. (Mo. geol. sur. 11: 481) 

Fine-grained clays often have to be heated slowly in the early 

stages of burning, though if such a clay contains an abundance of 

fine sand particles, the contrary is possible. 
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The range of constitutents in brick clays from various states can 

be seen from the following table. 

North Carolina 

Range Average 
SUicd 20 UTS eiees.. i 52 —70 60% 

Alimitiall 2°. DStaehes e18 S198 18% 

Permeoxad +) *: 1.5—11.5 60% 

Tinie. CAPR PES Se PO ee 1 — 12.5 . 60% 

Mia sin data AAEM, 2S BEL .1— 1.5 .40% 

Alkalis ELT Re a eee 

Vater. OTA ORS res 4 —12 1% 

otal Himes’, We Poa ORE 3.5—17.5 9% 

Missowrt 
Range Average 

Silica and fluxes combined.. 12 — 30 15% 

Saliea( GaGa veers eit a 20 —60 55% 

LTA AD EO Naa Nee hese 14% 
Water (combined)....... 3 — 9 4% 

Water. (moistare)'.°: ....... 0° >=——.6 2% 

PQRPEC DORE 5 \-ncceenete nic ua 2. 5 —— 8 4% 

Tee. Vile, See Loe ees oi a 5— 7 1.502 

Magnesia ae ere iagt spoke Bre. oe 1% 

Bis We ae oc 2 — 7 3.50% 

New York 

Range Average 

Silica... eos 0yv.08 45.12 — 69.738 54.28% 

Alumina... ......... 11.383 — 24.45. 18.81% 

Ferrie oxXid......:. ...0s 0) lL. 9O—10390 5.92% 

Tame homes fein ck ae 23 —15.38 4.87% 

Magnesian ged». (....2.0 .10>0a ee 2.95% 

Alkalis.. 1. .....0. .48 — 9.82 5.43% 

Waters ties. Ske .90 — 12.67 6.906% 

Moisture........... 4.50— 8.26 5.41% 
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The following gives the maximym, minimum and average per- 

centage of the different constituents in the brick clay analyses 

given in the tables at the end of the report. 

Range Average 

Siltee 8 22S PSS 84.35 900877 49 .27% 

Alumina.......... 22.14 —44.00 22.74% 

Worle oxta 2. . 126 — 33.12 5.311% 

Mes eo .024 — 23.20 2.017% 

Mamnesia . 2. 2. .02 —11.03 2.66% 

Meee es AT — 15.32 2.768% 

oo he ey .05 —13.60 5.749% 

MEGISGTS s,s. a. cn. 17 — 9.64 2.502% 

_ Clay for pressed brick. In addition to the characters mentioned 

under common brick clays, it is highly necessary that the materials 

used should burn to a uniform color. They should be as free as 

possible from soluble salts, specially if the product is not vitrified. 

Many different grades of clay are utilized, but chief among them 

may be mentioned white burning clays, buff burning clays (either 

calcareous or semi-refractory), red burning clays, commonly high in 

iron oxid. 

Semi-refractory, or refractory clays, form an important source 

of material for making front brick, not only on account of the buff 

color to which they burn, but also because this color permits the 

admixture of manganese for the production of mottled and speckled 

effects and various shades producible by the addition of the same 

material in powdered form. 

The shrinkage of the clay in burning should be regular and 

even, in order that the finished bricks may all be very nearly of the 

same size. 

Burning of brick clay 

Brick clays when burned exhibit a variety of shades and colors 

whose existence is influenced by several causes, such as the amount 

of ferric oxid in a clay, the percentage of other constituents as- 
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sociated with it, the composition of the fire gases, the degree of 

sintering and the temperature of the kiln. 

The red coloration usually caused by iron is well known, and the 

other effects of iron are mentioned on page 517. An excess of 

lime, magnesia or alumina tends to exert a bleaching action on the 

iron, and produce a buff tint. 

It is asserted by Seger (Ges. Schrift. p. 282) that it requires. 

5% of ferric oxid to give a pronounced red color, which increases 

with the amount of iron, up to about 20%. 

Knowing the effect of the different ingredients on the color of 

the burned clay, it is possible when certain results are desired to 

add the ingredients to the clay in case they are lacking. Thus a red 

burning clay might be changed to a buff burning one by adding 

to it a white or whitish burning clay containing a high amount of 

alumina, and, depending on the amount added, we should get shades 

passing from red through brown, yellowish brown, to yellow. Marl 

produces a similar result. 

The fire gases may be either reducing or oxidizing, and during 

the burning of a kiln these conditions are apt to alternate at times, 

but while cooling down the action of the fire is with few excep- 

tions oxidizing. 

One effect of the sintering is to cause the clay to shrink more 

and become denser, and this of itself is sufficient to deepen the 

color. 

The color to which a clay naturally burns as a result of its con- 

stituents, is best shown on the fractured surface of a brick, as the 

fire gases have not been able to exert any effect on the interior of 

the product. 

The surface coloration of a burned brick may often be the same 

as that of the interior portion, but at other times it may differ from 

it. This is due to the accumulation of soluble salts, which have 

been drawn from the interior of the brick to the surface, either in 

burning, water-smoking or drying. 

Another cause of difference in color between the surface and in- 
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terior of the burned brick may be due to the deposition of foreign 

substances brought there by the fire gases, which may exert a 

colorizing action either by their presence alone or by their forming 

-a glaze on the surface of the brick as a result of their union with 

the silica in it. This is often to be seen on the surface of arch 

brick in an updraft kiln, and on the surface of the brick which 

line the bag walls of any down-draft kiln. 

The coloration of most brick is due to iron; unless the brick is 

heated beyond vitrification it is probable that much of the iron re- 

mains in the ferric condition. . 

With ferric oxid in a clay it is possible to obtain all shades rang- 

ing from pink to reddish black, and with an excess of lime all 

shades of yellow, while manganese, which sometimes accompanies 

the iron in small amounts, tends to give a brownish coloration. 

Ferrous oxid produces colors ranging from green to black. 

It should also be remembered that with any given amount of 

iron in a clay, the higher the temperature to which the material is 

exposed the deeper will be the color obtained. Iron in the ferric 

condition tends to color the mass red as long as it is at all porous, 

but with the beginning of fusion it generally passes over to black. 

When the clay also contains carbonate of lime, the latter serves 

as a flux, and causes fusion to set in at a lower temperature than it 

otherwise would, the result being the formation of a complex 

silicate, containing iron, alumina and lime, which with the proper 

proportion of iron and lime shows a yellow color. Up to the time 

that fusion sets in the ferric oxid still imparts its red color to the 

clay, but as the heat rises, this gradually turns to flesh red, white, 

yellow, and finally yellowish green, and at viscosity passes to green, 

and sometimes black. 

The coloration which is induced superficially is a matter of great 

importance, and, as before stated, it may be due either to a coating 

of soluble salts, or a deposit of impurities from the fire gases. The 

former are described under “ Efflorescence on bricks,” p. 679. 

The discoloration caused by the action of fire gases on the clay 
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is far more pronounced in the case of buff ware. In red burning 

clays the effect is-often marked by a superficial reduction of the 

iron which the clay contains, or a slagging of the surface due to the — 

deposition of fusible impurities, specially alkalis, from the fire 

gases. 

In calcareous clays many of the elements of the material show 

a strong affinity for the sulfuric acid of the fire gas; the result of 

this is that sulfate of lime is formed on the surface, and the, ferric 

oxid, not being able to unite with the lime, imparts a red color 

to the brick. In the interior the color of the brick remains yellow, 

for the sulfuric acid gas has not been able to penetrate to that point 

and take the lime away from the iron. This point can be easily 

proved by determining the amount of sulfur in the yellow and the 

red portion of the brick, and, if the theory is correct, the latter 

should show the greater amount of the acid. That this is so is 

well shown by two clays analyses made by Seger (Ges. Schrift. p. 

277). The outer or red portion of the brick which he analyzed 

showed 14.43% of sulfuric acid, while the inner or yellow portion 

showed only 1.044. | | 

One fact that this emphasizes is that in burning calcareous clays 

it is important that coal should be used which contains but a very 

small percentage of sulfur. 

The slower the burning proceeds, the more completely will the 

iron in all portions of the clay be oxidized, and the greater the ac- 

cess of air the brighter will be the red color. 

The time required in drying and burning is affected not only by 

the clay, but also by the process. The more water which has to be 

driven off in the kiln, the slower must the burning proceed, unless 

the clay is coarse-grained. 





PLATE 20 

C. M. Doyle, photo. 
Different varieties of brick 

1 Roman tile. 

2 Norman tile. 

3 Dry pressed brick speckled with manganese. 

4 Rock faced. 

To face page 643 
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THE BRICKMAKING INDUSTRY 

Three kinds of brick are manufactured in New York, common, 

front and paving brick. 

Common brick. Many works dealing with clay products state, 

in an interesting way, what are the requisites of a good common 

brick, but as a rule few conform to the requirements laid down. 

Most common brick are fairly regular in shape, but here the 

similarity to one another ends. They show a wide variation in 

size, and there is no law requiring a standard size, though there 

should be one. The National brickmakers association and the 

American institute of architects have adopted a standard size of 

24x44x87 inches. If these dimensions be compared with those 

given in the table below, considerable difference will be observed 

in some cases. It is to be remembered of course, that, with a given 

clay and a given mold, the brick will be smaller the harder it is 

burned and in some clays the difference will be appreciable. 

Common brick should be of uniform texture, hard, and give a 

clear ringing sound when struck. The compactness and uniformity 

of texture are largely influenced by the method of molding. Soft 

mud bricks when properly burned are very resistant to frost ac- 

tion. The absorption of common brick should not exceed 15%. 

They should also have a crushing strength of not less than 3000 

pounds a square inch. 

The following table gives the dimensions of a number of bricks 

made in New York state, also their absorption after 24 hours’ im- 

mersion. 
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C. M. Doyle, photo, 

1 Flashed brick. 

2 Repressed paving brick, 

3 Soft mud brick. 

PLATE 21 

Different varieties of brick 

No face ‘page 644 
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Most common brick are made by the soft mud process, but 

many are molded by the stiff mud process. In the burning of a 

kiln full of such brick, some receive more heat than others, a 

_ certain proportion become discolored, while the remainder may 

be slightly misshapen by the weight of the overlying mass of 

bricks. It is thus possible to sort the contents of any one kiln 

into a number of different grades, the more important of which 

are as follows: 

Salmon brick; soft brick. These are insufficiently burned brick, 

which are not hard enough to be used in outside walls, but can 

be used for backing or filling in. 

Arch brick are those from the arches of the kiln, or portions 

nearest to the fires. These are consequently burned the hardest. 

Stock brick. These generally represent the best, from a kiln 

of common brick. They are carefully sorted both as to color 

and shape and consequently command a higher price. 

Sewer or cistern brick are the harder burned bricks of a common 

kiln, which, owing to their impervious character as the result of 

hard firing, are well adapted for damp situations. 

Washed brick. At those yards where the drying is done by the 

open air, the surface of the bricks sometimes becomes roughened 

by the beating action of rain. Such bricks when burned are just 

as strong as unwashed ones, but they have usually been discarded, 

excepting during certain intervals when they happened to catch 

the fancy of some architects. 

Pressed brick. The name of these is due to the fact that the 

green brick is sometimes subjected to pressure after molding, to 

impart a smooth surface and sharp edges to it. 

Under this term are also included products of a variety of shades 

and colors and of variable form. | 

The plain colors include white, buff, yellow, gray, brown and 

red, as well as numerous intermediate shades. 



646 NEW YORK STATE MUSEUM 

Mixed colors are commonly produced by the addition of some 

metallic oxid, such as manganese, or a ferruginous shale, to a 

light burning clay. The addition of finely powdered manganese 

oxid to a buff burning clay produces a gray color. ? 

Speckled bricks are obtained by adding the manganese in a 

finely granular condition. 

Mottled bricks. In these the manganese is added in larger parti- 

cles. Ferruginous shale is sometimes employed, and pyrite has also 

_ produced the same appearance. 

These manganese brick are used to an enormous extent at the 

present day. On account of their mottled appearance and rough 

surface they are considered by many to produce a much softer 

appearance and richer color than the plain pressed brick. 

Roman tile or Pompeian brick. So called on account of size and 

shape, in which they are similar to those used in Roman times. 

Their dimensions are 12x4x13 inches. They are made either plain 

or speckled, and either dry pressed or of stiff muds. 

Norman tile. These differ from the preceding simply in being 2 

instead of 14 inches thick. 

Ornamental brick include all those of irregular or fancy shape. 

Their chief use is for cornices, sills, panels, etc., and they are made 

in the same shades and colors as the ordinary forms of pressed 

brick. By reason of their elaborate form they often command 

high prices, and $50-$60 a thousand is not uncommonly de- 

manded. 

Flashed brick. On some pressed brick one edge shows a darkened 

and slightly fused appearance, brought about by setting the brick | 

with this edge exposed, and then causing a reducing action in the 

kuln near the end of the burning, by shutting off as much air from 

the fires as possible. 

The number of ornamental shapes produced runs up into the 

hundreds, and many manufacturers carry a very large number in 

stock. 
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Rock face brick. These are produced by trimming the edge of 

a pressed brick with chisel and hammer, in imitation of stone. 

Their beauty is a matter of individual taste. 

Pressed brick are usually molded either by the dry press, semi- 

dry press, or stiff mud process. In the last case, they have to be 

repressed. The prevalent custom is to burn them in down-draft 

kilns. | | 
Crushing strength of bricks 

Many of the bricks manufactured in New York show a crushing 

strength which is far greater than is necessary, but some, spe- 

cially common brick, often approach the limit pretty closely. The 

succeeding tests made by different persons give the strength of a 

number from different localities. 

The following are the results of some tests made by H. Wil- 

hams M. E., at Cornell university, on bricks from New York 

state, made by different methods from the same clay. Half bricks 

were tested in each case, and plaster of paris put between surfaces 

of bricks and plates of machine. | 

Ultimate strength 
_—_———————— 

Total Per square 

Pidegy orient 
MOY See ie rIOK 4 foo: yee’. sea we ets ara 59 800 3 385 

2 Red brick, dry-clay process, Glens Falls... 34 660 3 580 

3 Stiff mud, side cut, repressed, buff, Glens 

es es i OS oc) i CR NT 104 360 6 510 

4 Soft mud, repressed red brick, Glens Falls. 117100 53865 

5. Dry pressed buff brick, Glens Falls...... 83 680 5 800 

6 Soft mud brick, W. W. Parry, Rome..... 115 300 4 470 

7 Stiff mud, repressed, W. W. Parry, Rome.. 240000 8 760 
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Tests of Haverstraw brick made by M. Abbott. No packing 

was put between brick and plate of testing machine. 

Crushing 

“1b. par ed. in 
_, Maximum... ..5.6 2. 20 

Whole brick tested on end... Mingmmg oo: <.ou cee 1 600 

PVETACC . - oh 25s are 2 065 

Maximum... ....+.-..)) 

Half brick tested on flat side. Minimum..... PNA ik Me 2 669 

Aer age 5%. LOC Came 3 3871 

Maximmm. 151.80 8 ~ . eae 

Half brick tested on edge... ! Minamata fe) 200 ae 2 900 

AVeraes 24. J.) ALT Se 4 612 

Tests of Newfield brick made at Cornell university. 

Lb. per 
; sq. in. 

Repressed brick... 1... pee eee eee eee eee 14 990 

homtamienish NI 2 Fa). BR A RE PY 9 300 

Como oer eaa ae ce 2 eis as «CAE ea 10 900 

Comin from got Clay). 2.2... . 5s sce kde ey oe eek eee 7 880 

Some years ago E. 8. Fickes made a number of crushing and 

absorption tests of common brick (Hng. news. 1894. 32 :495), from 

which the following tests of New York products are derived. 

Locality tinpede ai xt Material Machine 
crushing 

Rochester.... 12.2% 8460 Clayandsand Soft mud; hard; 

common 

Fishkill ..... 14.8% 5840 Clay Soft mud 

Troy....... 15.1% 4400 Clay andsand Soft mud; hard; 

common 

Tests of building and other brick — 

A large series of shearing, crushing and absorption tests have 

been made at the Watertown (Massachusetts) arsenal on material 
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obtained mostly from the World’s Columbian exposition, some of 

these being made to show the strength of the same kind of bricks 

when tested in different positions. (Tests of metals, 1894, United 

States war department) 

Tests made to show relative strength of bricks according to the 

direction in which tested 

BRICKS TESTED FLATWISE 

Ultimate strength 

Hight — Pee igaae trois 
Inches Sq. inches Pounds Peas Pounds 

2.16 97.63 308400 11162) 
‘2.10 27.26 367 800 13 492 erst 
2.19 OT TT 298 500 10 749 | 
2.21 27.90 259 200 9 290 | 

BRICKS TESTED EDGEWISE 

Ultimate strength 

Hight i iceotgy ee: Fe "Por square Average 

Inches Sq. inches Pounds Pounds Pounds 

3.58 16.37 124 800 7 623 ) 
3.60 17.15 159 100 9277 | eae 
3.57 16.98 114 000 6714 | 
3.48 16.54 203 400 12 297 | 

i BRICKS TESTED ENDWISE 

7.13 123% 59 200 8 032 ) 
7.72 7.83 45 700 5 837 | 
7.15 7.85 51 600 6573 [ aad 
o:71 7.54 54 800 7 268 | 
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Tests to determine relative strength of bricks tested singly, in pairs, 

threes, fours and fives, set in plaster of paris joints and compressed 

surfaces 

7 cE: ERED Ultimate strength 

in ata ht : gi a Total ~ Per square Average 

1nG 

Sq. in. Sq. in. Pounds Pounds Pounds 

1 2.20 bitin 458 500 15 837 
12 469 

if 2.2 29.56 269 000 9 1006 | 

2 4.40 29.41 178 500 6 069 
6 440 

2 4.35 29.383 199 800 6 812 

3 6.48 29.14 127 200 4 365 = Gan 

3 6.60 29.10 169600 “rene 

4 aaa) 29.29 122 100 4168 ; 4 ave 

4 8.88 99.99 139900 - 4788 § 
5 Oe 28.94 131 100 4 530 re 

5 10.85 29.60 110 500 DB (38 

Building brick industry in New York state 

Common brick are made at many localities, the most important 

region being that of the Hudson river valley. 

Pressed brick in plain colors and mottled brick are made by B. 

Kreischer’s Sons at Kreischerville, S. I.; New York architectural 

terra cotta co., New York city; Eastern hydraulic pressed brick co., 

Canandaigua; while plain brick are manufactured by the Glens 

Falls brick and terra cotta co., Glens Falls; the Corning brick co., 

Corning; Brush and Schmidt, Jewettville; Campbell brick co., 

Newfield. | ; 

Enameled brick. These have a very extensive use at the present 

day, specially for the interior of buildings, where a smooth surface 

‘is often desirable, but one which shows a variety of color. The body 

of enameled brick usually consists of a hard burned fire clay, or 

semi-fire clay, the surface of which is covered by a glaze of one 

color. Two difficulties with which the manufacturer of enamel 

brick has to contend are the production of a perfectly flat surface of 
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enamel, and a glaze which shall be free from cracks or crazes; the 

latter are due to the body and the glaze having a different coefficient 

of expansion. 

Enamel brick are made of two different sizes, known as the 

English and the American size, the former being 9x4}x38, the 

latter 83x44x22. 

Many manufacturers are able to produce a wide range of colors; 

the number is constantly being added to. Owing to the ex- 

pense of manufacture, the cost of these bricks is usually high, and 

varies from $60 to $90 a thousand. 

The body of the brick is usually made of several different clays, 

and much depends on the selection of the proper material. On 

this mixture the method of burning sometimes also depends. 

The clays used for the body of the brick are molded either by the 

soft mud, dry press, or stiff mud process. The glaze is sometimes 

applied to green bricks before being burned; or at other times the 

brick is first fired, the glaze then applied, and the two subjected to 

a second burning, which is at a lower temperature than the first. 

The one is known as the single fire process, the other as the double 

fire process. 

Enamel bricks are usually made with an indentation on the upper 

and lower faces. In laying a wall the mortar is put in this space, in 

such quantity that when the bricks are pressed together a thin 

layer of it is forced out toward the edges and furnishes sufficient 

binding material. This does away with “ pointing” at the joints, 

and a wall properly laid should show almost no mortar between 

the courses. In consequence of this mode of laying, every brick 

should be true to the standard size in order to secure a regular and 

perfect bond. It is, therefore, necessary to know the exact shrink- 

age that occurs in burning, and to allow for it by giving to the 

dies used in pressing the brick the proper amount of “ over size.” 

In a good enamel brick the enamel should adhere so tenaciously 

to the body that it will not separate or crack under pressure till the 

body of the brick fails. 
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The matter of glazing and enameling is the most difficult part of 

the whole process of manufacture, and as such is kept secret. by the | 

maker «s far as the details are concerned. In general it may be 

said, however, that the enamel is simply a mixture of clays similar 

to that used in making good porcelain, which is applied to the sur- 

face of the brick in the condition of a thick fiquid or slip. This 

enamel, when dry, is coated with a fusible glaze, such as is used 

for ordinary porcelain. 

Enamel brick are usually burned in saggers, placed in a down- 

draft kiln, or sometimes even in a muffle kiln. The double fire 

method mentioned above greatly increases the cost of manufacture. 

Glazed brick. By this we understand a brick which is covered 

by a transparent glaze, and not an opaque enamel. 

The best results are probably obtained by glazing vitrified bricks, 

as porous ones are seldom able to resist the weather, specially in 

severe climates. 

If the glaze is applied to green brick, which is by far the cheapest 

method and the two burned together, the glaze will often show 

crazing under certain conditions, and it is found that there should 

be a certain amount of agreement between the composition of the 

clays and that of the brick, so that they will not only have a simi- 

lar expansion and contraction when burned, but will show the 

proper relation between their fusing points, and the glaze will not 

fuse much, or not at all, below the temperature at which the brick 

vitrifies. 

In the first place it is of course necessary that the brick shall 

not contain an excess of lime, so that it can be vitrified without 

fusing; and having found a clay of the right kind, it then remains 

to find a glaze which it will carry without causing it to craze. 

One way to arrive at this experimentally is to take a clay whose 

rational composition is known, and by the addition to it of different 

quantities of, say, quartz sand, feldspar and lime, make mixtures 

which will show considerable range in a rational composition. Add- 
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ing quartz and feldspar to clay is rather expensive, and these two 

could probably be replaced by the use of a feldspathic quartz sand. 

Experiments of this nature carried out by Hecht (Thonindus- 

trie zeitung. 1894. p. 309) indicated that it is undesirable in most 

cases to decrease the clay substance below 30%, and that if the clay 

contain over 50% most of the glazes adhere with difficulty. 

He found that colored glazes with a formula 

-8,KO | .5 A1,0,45i O, 
.7CaO 

held on mixtures whose rational composition was: 

Clay | sub 

stance... 50 50 50 50 40 30 30 30 30 30 30 

(eee... 40 30 20 10.50 60.50, 40 80 20,, 10 

Feldspar. .. Berets Bh Ae bah 96. 85° 45 55 

Lime __car- 

RS eS ie ea © On oe: a 

Hecht in his experiments used iron, and pink glazes, because 

they represented extremes of composition. He found that the glazes 

held best when the clay substance was 30%. As the clay substance 

increased, the adhesion of tee clay decreased, and it did the same 

with an increase of the feldspar, while it adhered better as the 

quartz increased in amount. 

The tendency of the glaze to craze also becomes greater with 

the size of the quartz grain, the reason being that the greater the 

grain the more difficult it is for a thorough chemical action to take 

place between the particles of the clay and those of the brick. 

Methods of manufacturing brick 

Bricks are usually made by one of the following four processes. 

Soft mud | 

Stiff mud or wire-cut 

Dry press | ; 
Semi-dry press sh 
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The processes are not wholly distinct from seach other, as there 

are machines that may be used as well in connection with one as 

the other. For instance, in preparing the clay for molding in a 

stiff mud machine, we may use either a pug mill or a pan crusher, 

though the latter belongs preferably to the dry clay process. What- 

ever be the method, the manufacture of clay into brick involves the 

following steps, preparation, molding, drying, burning. Below is 

a classified arrangement of the stages in the process of brickmaking 
& 

and machines used. 
| Methods 

( Digging by pick or shovel at any portion of 

| bank 

Bench working 

Mining the clay / Undermining 

| Steam shovel 

| Plows and scrapers 

L Dredging 

Machines used 

( Carts Ce 

| Cars on tracks, drawn by horses 
Haulage 4 Gtoam 

| . 
Rene Self-acting 
Cg rope planes Steams fewer 

| Rolls 
prpehoe Jaw crushers 

| Soak pits 

Ring pits 

Single { Horizontal 

Preparing and tem- 4 Double | Vertical 

pering | Pan crushers 1 ee be 

Pug mills | 

Disintegrators 
Ball mills 

Inclined 
Screens Rotary 

Shaking 

| | ena | 
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Hand power 

Soft mud machines | Horse power 
Steam power 

Molding} Stiff mud machines 1 aie 
ro) 

Dry press 
Semi-dry press 

| Represses 

( Open yards, sun-dried 
Covered yards, air-dried 
Pallets 

Steam pipes circulating 
Drying | | within 

“ahs Hot blast 
Tunnels heated Pa Hot air from coal fire. 

; through flues under- 
L | neath 

One or more 

f [ Down-d dra ft aft | Rectangular j chimneys ac- 

| 
Circular cording to 

, Intermittent 4 l make 

Kilne Scovekilns 
| ee ite dents Cie 

. Continuous 1 Straight 
Circular 

Preparation of clay 

Few ane are found in nature in a condition such that they can 

be fed directly to the molding machines; consequently they have 

to be first loosened up. This breaking up of the clay mass can be 

done by weathering, namely spreading the clay out in a thin 

layer and exposing it to atmospheric action, the effect of this being 

thoroughly to separate clay particles. This is a very thorough 

method of preparation, but takes a long time and, if the clay con- 

tains pyrite, the development of soluble sulfates is often brought 

about. A quicker method of breaking up the clay is by means of 

some form of machine such as the disintegrator, ball mill, or dry 
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pan. According to the type of machine used, it is possible to disin- 

tegrate a clay in its dry, plastic, or even very wet condition. There 

are many devices for this kind of work, but only a few need be men- 

tioned. 

; Dry methods of preparation 

Crushers. The Blake type of crusher, which is frequently used 

for breaking up hard shales or old brick, consists of two jaws, the 

one fixed, the other fastened at its lower end, while the upper end 

moves back and forth at a rapid rate. Such crushers are strong 

and effective, but have a-rather limited use at clay-working estab- 

lishments. “ 

Pan crushers. Of these there are two classes, dry pan crushers 

and wet pan crushers. The former pulverizes the material as it 

comes from the bank, the latter tempers it with water. In either 

case the crushers consist of a circular pan in which two iron wheels 

revolve on a horizontal axis. They are made to revolve by friction 

against the pan, which is rotated by steam power. In a dry pan 

the bottom is perforated; the wheels weigh 2000 to 5000 pounds 

each. The wet pan has a solid bottom, in which there is a door 

through which the material can escape when sufficiently tempered. 

A good dry pan will grind 100 tons in 10\ hours through one 

eighth inch screens.* 

Two serapers are placed in front of the rollers to throw the ma- 

terial in their path. 

Disintegrators. These, of which the Stedman disintegrator is a 

good type, consist of several series of concentric drums which re- 

volve in different directions. The material to be pulverized is fed 

into the disintegrator by means of a hopper, and as soon as it enters 

is caught between the staves of the first drum, and thrown by this 

against the next inner one, which revolves in the opposite direc- 

tion, and from this one against a third inside of the second, revoly- 

ing in the same direction as the first. The clay particles by being 

violently thrown against the staves and against each other are 

1QOhio geol. sur. 1893 p. 142. E. Orton jr. Clays and clay-working in- 

dustries of Ohio. 

_— 
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rapidly reduced to a fine state of division, the whole operation 

taking not over one or two seconds. The material is then dis- 

charged on an endless belt, and carried to the screens. The dis- 

integrator is inclosed in a metal case. The series of drums, the 

velocity with which they revolve, and the strength and the arrange- 

ment of the staves depend on the hardness of the material to be 

pulverized, and also on the degree of fineness to which it is to be 

reduced. By varying the velocity of the disintegrator a coarser or 

finer product is obtained. 

The capacity of this type of machine is very great, but it also 

requires considerable power to operate it. According to capacity 

disintegrators can pulverize in one hour from 8000 to 28,00¢ 

pounds of material, such as shale, gypsum, ete. They require 23 to 

4 horse power for every ton of material pulverized in an hour. 

Ball mills. These consist of a large drum which revolves on a 

horizontal axis. This drum contains balls of varying diameter 

which roll over each other, and as the drum revolves comminute 

the particles of material. The material is introduced through a 

door in the side of the drum, the door is then closed, and the drum, 

being set in motion, is turned till the material is ground to suffi- 

cient fineness. It is then discharged on the sieve, and particles 

which will not pass through are returned to the drum together with 

fresh material. 

Ball mills were at first constructed with a comparatively small 

capacity, but recently mills have been constructed that discharge 

the pulverized material continuously. A still more recent modifi- 

cation consists in introducing the charge at one end of the cylinder, 

allowing it to pass the whole length of the mill and issue at the 

opposite end. As the breaking up of the particles in the ball mill 

is the result primarily of the action of the balls rolling over them, 

it will easily be seen that the product of this machine will show a 

considerable variation in the size of its grains, and that the thorough 

__ pulverization will be obtained only by keeping the material a long 

_ while in the mill. This objection therefore, adapts the ball mills 
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particularly to the production of such materials as exhibit coarse 

article and fine grains, such as grogs for instance. 

The material to be ground in ball mills must be air-dried and 

only in those of the intermittent type can damp or wet material 

be introduced. This is necessary, for instance, in the case of 

glazes. If the material to be ground must be kept from contact 

with iron, the interior of the cylinder is lined with porcelain, and 

instead of iron balls porcelain or flint ones are used. The capacity 

of ball mills is highly variable, depending on the fineness of the 

product desired, the hardness of the material to be ground, and also 

on the size of the mill, therefore the hourly production will vary 

in the case of grog between 1500 and 3000 pounds. In this case, 

for every 2000 pounds ground in an hour, three to 10 horse power 

is required. | 

Wet methods of preparation 

The clay can commonly be tempered directly as it comes from 

the bank instead of being pulverized, which is always necessary 

in the case of shales. 

The wet methods employed are: 

Soak pits. These are the most primitive contrivances at present 

used for the preparation of clays. There is a rectangular pit about 

5 feet deep and 6 feet square. The Long Island pits are usually 

rectangular in shape. Into this the clay and sand are dumped, 

water poured on and the mass allowed to soak over night, so as 

thoroughly to soften it. The following morning the softened ma- 

terial is shoveled into the machine. Two men—pit shovelers— | 

do this, and it is highly important that they be men of intelligence 

and attend to their work, seeing that the right proportions of clay 

and sand are shoveled into the machine. From one tliird to one 

quarter is the amount of sand added. The operation of mixing the 

clay and sand is called tempering; the addition of sand is in most 

cases not necessary, as the majority of clays have sufficient of it 

naturally. The object of the addition of sand is to counteract the 

effect of the alumina, by preventing a too great and uneven shrink- 
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age of the brick. Coal dust is also added by some manufacturers; 

the advantage derived by its use will be mentioned under the head 

of burning. — 

When soak pits are used, two men dig the clay in the afternoon 

at the bank, while a third man levels off the material as it is dumped 

into the pit and also adds the requisite amount of water. He is 

called the temperer. In the morning the two diggers of the previous 

afternoon shovel the clay from the soak pit into the machine. 

In many large brickyards separate gangs of men do the pit 

shoveling and digging of the clay. 

Ring pits. These temper the clay more thoroughly than soak 

pits, ‘but are not so extensively used, possibly because it costs a 

trifle more to operate them. A ring pit, as its name implies, is cir- 

cular, 25 to 30 feet in diameter, 3 feet deep and lined with boards 

or brick. In this there revolves an iron wheel, 6 feet in diameter 

and so geared that it travels from the center to the circumference 

of the pit and then toward the center again. In this manner the 

clay is thoroughly broken up and mixed with the sand and coal 

dust, if the latter be added. The pitful is tempered in about six 

hours; a pit holds sufficient for about 30,000 brick. The temper- 

‘ing is usually done in the afternoon so as to have the material 

ready for the next morning. When the tempering is finished, a 

board is attached by ropes to the wheel and dragged round the pit 

a few times to smooth the surface of the clay; a thin crust forms 

on the surface and prevents the moisture in the underlying material 

from evaporating. 

_The working of ring pits is similar to that of soak pits, the only 

difference being that the temperer previously mentioned is gen- 

erally employed in the morning to wheel the clay from the ring pit 

to the molding machine. 

As a rule there are two ring pits to a machine, so that while the 

clay is being shoveled from one pit to the machine, the other yit is 

tempering clay for the next day, or two pits and two machines are 
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used, but each pit in this case holds enough material for the daily 

use of two machines. 

Pug mill. This machine, like the ring pit just described, is used 

for thoroughly mixing the clay, or clay and sand as the case may 

be, before introducing it into the machine. It consists essentially 

of a semi-cylindric trough, 6 to 10 feet long, in which revolves 

a shaft, bearing knives set spirally around it, or a worm screw 6 

or more inches wide. The material is put in at one end, and the 

knives or thread mix it up. At the same time it is worked along 

to the other end of the trough, from which it is discharged into the 

machine. The pug mill may be closed or open; the former is better 

as there is a more uniform pressure on the clay while it is being 

tempered, and a more thorough mixing results. Water is also added 

from a faucet at the upper end of the trough till the clay is in the 

right condition. The angle of the knives with relation to the shaft 

can be changed so that the clay can be moved along slower or | 

faster as desired. The trough of the pug mill is of iron or wood, 

usually the former. A pug mill, according to its size, will in 10 

hours temper clay enough for from 25,000 to 60,000 brick. Pug 

mills take up less room than ring pits and do not require as much 

power to operate them. They will also, if desired, discharge the 

clay directly into the molding machine. They-are used chiefly with 

stiff mud machines. ) 

In some works a double form of pug mill is used. This has two 

axles bearing knives, instead of one. They revolve in opposite di- 

rections. (pl. 1067’) . 

: . Screens : 

When clay is molded in the dry condition, or when shale is used 

instead of soft, plastic clay, it is important that the material be first 

ground to the proper degree of fineness. 

As the material comes from the dry pan or other REY used 

to pulverize it, it is carried to screens, which allow the sufficiently 

fine material to pass through while those particles which are too 

coarse go back to the crushing machine. 

Three general types of machine are used, inclined, rotary, and 
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shaking. The inclined screens are usually 10 to 14 feet long, have 

a bottom of either wire cloth or perforated metal, and are usually 

provided with a tapping device to keep them from becoming 

clogged. Such screens are simple and cheap, but have a small 

capacity. 

The rotary screens are commonly of wire cloth, and have a 

cylindric or octagonal form. They are usually provided on the 

inner side with brushes to keep them clean. 

Shaking screens are fixed at one end, while to the other end is 

attached a crank and piston or an eccentric, which operates them. 

Such screens are cheap and simple in operation. 

While all of these screens are designed to perform their work 

automatically, nevertheless very few of them can be left without 

attention for any length of time, for powdered clay, no matter how 

dry it is apparently, shows the greatest tendency to clog the meshes 

of almost any screen. 

Molding 

Soft mud process 

‘This is the most prevalent method in New York state. 

The clay is mixed with water to the consistency of a soft mud, 

and is either forced into a wooden mold by hand, or molded in a 

machine, operated by steam or horse power. 

There are a number of different types of machines but the funda- 

mental principle of all is the same. A soft mud machine consists 

essentially of an upright box of wood or iron and generally of a 

rectangular shape. In this is a vertical shaft bearing several knives 

horizontally. Attached to the bottom of the shaft is,a device such 

as a curved arm, which forces the clay into the press box. The 

molds are put in at the rear of the machine and fed forward under- 

neath the press box automatically. The empty mold sliding into 

place shoves out the filled one. The molds before being placed in 

the machine are sanded either by a boy, or else in an automatic 

mold sanding machine in order to prevent the clay from sticking. 

_ The clay is fed to the machine at the upper end of the box. Often 
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there is a pug mill attached to the machine. In all these ma- 

chines the material gets an additional amount of mixing by the 

knives on the vertical shaft. In fact many brick manufacturers 

consider that the soft. mud machine tempers the clay sufficiently 

to enable them to dispense with a pug mill or ring pit and use the 

old-fashioned soak pit. That they can make a very fair common 

brick thus is not disputed, but it is certain that with a thorough 

tempering of the clay, a better brick would be obtained in most 

cases. There is one type of machine, the Adams, used by several 

manufacturers on the Hudson river, which does not temper the 

clay, but simply forces it into the press box. Some form of temper- 

ing machine must, therefore, be used in connection with it. These 

soft mud machines have a capacity of about 5000 brick an hour, 

six being molded at a time. 

Steam power is generally used to run the machines, but some 

of the smaller yards use horse power; this, of course, is much 

slower and not economical except for a yard of a small capacity. 

Some soft mud machines are more powerful than others, and in- 

deed this is necessary. For instance a brick dried on pallets needs 

a much greater pressure applied to it, and has to be molded from 

stiffer material than one dried in the sun in the yard. 

Four men are required to tend the machine. A “ molder” who 

scrapes off the top of the mold as it is delivered from the machine 

and watches the consistency of the tempered clay, to see that it 

keeps uniform; a “mold lander” who takes the mold from the 

delivery table and places it on the truck; a “sander” who sands 

the molds before putting them in the machine, and a boy to watch 

the machine and stop it when necessary. Beside this there are 

four “ truckmen ” who wheel the bricks from the machine to the 

yard, where they are dumped on the drying floor by two “ mold 

setters’. In the afternoon these men are employed in hacking 

the bricks and wheeling the dry ones to the kiln. 

Stiff mud or wiure-cut machines. Their name indicates the 

nature of the process. The clay is tempered quite stiff, and 
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charged into the machine, from which it is forced in the form of 

a rectangular bar whose cross-section has the same area as the 

greatest plane surface, or the end of the brick. The bar of clay as it 

issues from the machine is received on the cutting table, and either 

is cut up into brick by means of a series of parallel wires set 

in a frame which slides across the cutting table, in which case the 

machine stops when the bar has issued a certain length, or the 

bar of clay issues continuously, and is cut up by means of wires on a 

revolving frame. ) 

The plunger machine consists of a large iron cylinder into which 

the clay is charged. From this it is forced out through the die. 

The guger machine consists of a cylinder with a conical end. In 

this is a horizontal shaft bearing a screw or knife blades so set that 

their action will force the clay forward. At the forward end of the 

shaft is an iron screw which forces the clay out through the die. 

The clay is fed at the large end of the cylinder. It will thus be | 

seen that the clay undergoes a large amount of compression and 

that considerable power is required to force it through the die. 

Auger machines are either end-cut or side-cut, depending on 

whether the area of the cross-section of the bar of clay corresponds 

to the end or side of a brick; and consequently the mouthpieces 

vary in size and shape of cross-section, according to the kind of 

brick or other product to be turned out. 

Mouthpieces are generally made of steel, are steam-heated, and, 

in order to prevent the formation of a serrated edge on the emerg- 

ing bar of clay, much attention is given to the internal shape of the 

die. When a bar of clay emerges from a rectangular opening, there 

is more friction at the corners than in the center of the bar or on 

the sides, and for this reason the internal form of the mouth- 

piece should be such that a sufficient quantity of clay will be forced 

toward the corner of the die to preserve an equal velocity in all 

portions of the emerging clay stream. At times the mouthpieces 

or dies are watered or oiled in order to facilitate the issuance of the 

clay. The practice of steam-heating the die is rather an American 
one. 
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The effect of a difference in velocity between the central and 

outer portions of the clay stream is to produce a laminated structure 

in the brick. Plastic clays laminate more than lean ones, and even 

the same clay may laminate more with one die than with another. 

Irregularity of clay supply may be still another cause. In common 

brick laminations are less harmful than in paving brick; repress- 

ing may at times obliterate them to a large extent. The 

auger machine is extensively used at the present day, spe- 

cially in the manufacture of paving brick. It has a large capacity, 

60,000 brick being not an unusual output for 10 hours. The 

capacity of the auger machine is often increased by causing two 

streams of clay to issue from it, and certain machines are said to 

have produced 150,000 brick a day. Plunger machines have a 

capacity of 25,000 to 30,000 a day. 

Building brick are mostly side-cut, while paving brick are com- 

monly end-cut. 

If the brick are to be facing, they are repressed, for the purpose 

of straightening their edges and smoothing the surface. 

Dry clay process 

The use of this method in the United States dates back 15 or 20 

years, to its introduction at Louisville, Ky. In New York it has 

not been in use over nine years. There are five dry press in works 

in the state. The clay after being dug is usually stored in sheds 

‘to dry. When ready for use it is taken out and charged into the 

disintegrator or dry pan, both of which have been described under 

“Preparation of clay.” 

After passing from the disintegrator the powdered clay is car- 

ried by an elevator to the upper story, where it is discharged on a 

long screen inclined at an angle of about 45°. ‘The material 

which has been ground fine enough passes through the sieve and 

down into the hopper over the molding machine. The tailings fall | 

into a hopper at the lower end of the sieve and are carried back to 

the disintegrator. 

nas 



Plate 32 To face page 664 

H. Ries photo. 

Simpson dry press brick machine, Brush & Schmidt, Jewettville, Erie county. The 

plungers are at the lowest point of the stroke, and molded bricks are on the wagon 

ready to be taken to the drying tunnels. 







Plate 33 To face page 665 

H. Ries photo. 

Boyd dry press brick machine, Garden City brick co., Farmingdale Long Isiand. The 

plungers are at the highest point of their stroke and the six bricks which have just 

been molded are pushed forward automatically on two of the delivery tables. 





Plate 34 To face page 665 

ne bce, 1B 
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ae 

H. Ries photo. 

Hand power dry press machine for molding ornamenta! shapes. A molded brick has 

just been pushed out of the mold. Brush & Schmidt, Jewettville 
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The molding machine consists of a massive frame of forged steel 

about 8 feet high. 3 feet up from the ground is the delivery 

table, into which the press box is sunk. Connected with the hopper 

above the machine by means of two canvas tubes is the charger. 

This slides back and forth on the table. It is filled on the backward 

stroke and on its forward stroke lets the clay fall into the mold 

box. The charger then recedes to be refilled and at the same time a 

plunger comes down pressing the clay into the mold. As the upper 

plunger descends, a lower plunger which forms the bottom of the 

mold moves upward, so that the clay receives pressure from above 

and below. The upper plunger then rises, and the lower plunger 

ascends till the lower surface of the brick is even with the table. 

Again the charger comes forward, shoving the green brick for- 

ward on the table, the lower plunger drops and the mold box is 

once more filled with clay. The faces of the mold are of hard steel 

heated by steam to prevent adherence of the clay. Air holes are 

also made in the dies, but are apt to become clogged up. The pres- 

sure from above is applied by a toggle-joint arrangement, and it is 

maintained by the manufacturers of the Boyd dry clay presses that 

_ the pressure exerted on each brick is 150 tons. One to six bricks 

can be molded at a time, according to capacity of machine. Ona 

four brick machine about 20,000 are molded in a day. 

The hydraulic dry press machine is in use at Canandaigua, 

N.Y. In this, the pressure is produced by a pair of hydraulic rams, 

acting from both above and below. The pressure delivered at first 

is light, being only 240 pounds the square inch (Mzssourz clays, 

Mo. geol. sur. 11: 502), and this is followed by a pressure of 

3700 pounds, which completes the pressing. 

A difficulty encountered in the dry press and semi-dry press 

methods is the imprisonment of air in the brick under pressure, 

with the result that the compressed air tends to split the brick when 

the pressure is released. This can be obviated partly by allowing 

the plunger to descend very slowly, giving the air time to escape, 

and also by leaving small vent holes in the top and bottom of the 

mold. 
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The molded brick are shoved forward on the table by the charger, 

are placed on cars and either taken to drying chambers or set 

directly in the kiln. The green brick require great care in handling 

as they are very tender. Drying must be done very slowly to 

prevent cracking. Burning is usually done in down-draft kilns. 

The manner of burning does not differ essentially from that fol- 

lowed for other makes of brick. By setting directly in the kiln 

without previous drying it takes longer to water-smoke. This in 

any case should be done very slowly and the burning should not be 

pushed till water-smoking is entirely finished. It is calculated by 

some that one sixth to one quarter more fuel is required to burn 

dry clay bricks than those made by other processes. Burning in a 

down-draft kiln is more expensive than in an up-draft one, but 

a much greater percentage of good bricks is obtained. It is conse- 

quently better for burning pressed brick. © 

The type of kiln used varies. 

It is essential for the production of good dry pressed bricks that 

the moisture contents of the raw material shall be pretty constant 

- and the degree of fineness shall always remain the same. The first 

condition is obtained by drying the clay in sheds, the second by 

screening the material, after it is ground. 3 | 

The manufacture of brick by the dry press process has certain 

advantages over the stiff mud or soft mud process. 

1 Drying racks and drying sheds are not needed, which means 

a certain saving of capital and cost for repairs. 

2 The production of brick by this method is cheaper, and the 

bricks produced have a more constant and even form. 

3 Labor is cheaper than in the case of the other methods, as 

there is less handling to be done, the bricks being carried directly 

from the molding machine to the kiln. 

The forms of the bricks molded on dry press machines are not 

restricted to rectangular shapes, but ornamental patterns can also 

be produced, which in the case of plastic methods can be formed 

only in plaster molds. 
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Semi-dry process 

This differs but little from the dry process. The clay usually 

has a slight amount of moisture added to it. 

Clays adaptable to the different molding methods 

Few clays give good results with all the methods of molding just 

described, and the same clay will not necessarily make a good brick 

with any machine of the same general type. This is specially true 

of stiff mud machines. For the dry press process a wide range of 

clays can be used, for it works with sandy ones, or with plastic 

materials. Coarse sandy clays however do not lend themselves 

readily to dry pressing, on account of their very slight cohesive 

strength. 7 

As an illustration of the wide range of clays used, we may com- 

pare the two following clays, no. 1 being a clay used to a large 

extent for making brick in western Illinois, no. 2 a black clay from 

Wyandanee, L. I. 

Both feel gritty, but neither contains particles large enough to 

be retained by a 100 mesh sieve. 

When subjected to a mechanical separation they yielded. 

; No. 1 No. 2 

Manian vs ia oe os ee 5% 84% 

Clay substance and silt . . ee 95% 16% 

100% 1004 

The other physical tests of no. 2 are given on page 740. 

Those of no. 1 are: water reugired for mixing 16%; air shrink- 

age 6%. Incipient fusion began at .04 with 8% shrinkage; vitrifica- 

tion at 4, with a total shrinkage of 12%; at cone 6 viscosity began. 

The soluble salts amounted to .09%. The tensile strength ranged 

from 150 to 175 pounds a square inch. 

If the product from the dry press machine is properly burned, it 

gives a good brick, but if not, it is apt to be easily disintegrated by 
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the frost. Owing to their greater density, dry press brick have to 

be burned more slowly than those made by other methods. 

The stiff mud process is adaptable mainly, if the best results are 

desired, to clays of moderate or good plasticity, which will dry in 

areasonable time. As the clay in flowing through the die requires 

much tenacity to escape tear, very siliceous clays are not desirable, 

and on the other hand very plastic ones tend to develop laminations 

in the brick. The capacity of the stiff mud machines is very great 

and their use is increasing, though it is already extensive. 

Repressing of bricks 

Paving brick and front brick are sometimes repressed, the object 

being to give sharper edges and angles in the case of the latter, and 

in both cases to produce a brick of more regular size and greater 

density. : 

The repressing is done in a machine known as the repress, 

operated either by hand or steam power. (pl. 36.) In the hand 

power machine only one brick is repressed at a time, and one man 

and a boy can generally repress about 2000 a day. In a 

steam power machine two bricks are repressed at a time, and the 

capacity is about 25,000 a day of 10 hours. In each case the 

pressure is applied vertically, and the dies and other parts of the 

machine have to be oiled frequently to keep the clay from sticking. 

Repressing reduces the volume of the brick somewhat, thus in 

one case a brick before being repressed in a steam power machine 

measured 8% x 43 x 34 inches, and after it 811 x 43 x 24. 

Drying 

The methods employed have already been enumerated in the 

table given on page 655. 

With few exceptions artificial drying is used only in connection 

with the stiff mud and dry press process. The drying of bricks 

should never be hurried, as bricks dried too quickly are apt to 

crack; but some clays can be dried much more rapidly than others, 

and so the drying capacity of the plant does not need to be as great 

as in the case of clays that dry slowly. 
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Coarse-grained sandy clays permit rapid drying, while very plas- 

tic ones must be dried with exceeding care. Fine-grained, sandy 

clays may require slow drying, as the pores are so small that the 

water can not escape rapidly, but it is not necessary to follow an in- 

variable method in the burning. 

Bricks made by the soft mud process are usually dried im one 

of three ways viz: 

1 Open yards 

2 Pallet yards 

3 Covered yards 

The first method is the most used, the second next and the third 

least. In the first method the bricks are spread out on a hard 

floor, in the open air. This floor, which is about 200 feet long, is 

of brick, with a thin covering of sand, and is the “ yard” proper. 

At one end of it are the molding machines, at the other end the 

kiln sheds. The yard usually drains toward one end, or from 

the center toward both. After a day’s production has been spread 

out, the boy who tended the machine in the morning goes along 

the rows and stamps them with a piece of board set on the end of 

along handle. This is termed “spatting”. After this the bricks 

are turned on edge by another boy who goes along the rows with 

a special tool, turning six bricks at a time. The next morning, if 

the weather has been pleasant, the bricks are “ hacked ”’, that is to 

say they are piled on one another in a double row 11 to 15 courses 

high along the sides of the yard and left till sufficiently dry to put 

in the kiln and burn. In ease of rain the hacks are covered with 

planking. 

The disadvantage of open yards is that the bricks are exposed 

to the rain, and if a shower comes while they are spread out on 

the yard, they become “ washed ”’, getting a rough, uneven surface. 

Washed brick are quite as strong as unwashed ones, but they bring 

50 to 75¢ less a thousand. The washed brick amount to about 15% 

of the total production. 
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Covered yards. These differ from the former simply in the 

addition of a roof. This roof is in hinged sections, which on pleas- 

ant days can be opened upward, allowing the sunlight to enter, and 

closed to prevent washing of the brick in case of rain; but the bricks 

do not dry so fast, and, therefore, more drying room is needed for 

a yard of the same capacity. There is also the expense of erecting 

the sectional covering. | | 

Pallet driers. By this method the bricks are dumped directly 

on “ pallets”? as they come from the machine. These are pieces 

of board long enough to hold six bricks. The pallets are set on 

rack or cribs till the bricks are sufficiently dry to be set up in 

the kiln. ‘There are both advantages and disadvantages to this 

method. As the bricks can not be spatted to keep them in proper 

shape, they must be firm enough to retain this themselves, conse- 

quently the clay must be molded stiffer, and to do this we must have 

strong machinery. Furthermore, a molding sand must be used 

which will allow the brick to slip readily from the mold, as it has 

been forced in tighter than a brick which is to be dried on an open 

yard. ‘There is, of course, the expense of setting up the racks, but 

on the other hand the capacity of the yard is increased, the brick, 

though drying slower, are not subjected to a sudden drying, such 

as the sun of a hot summer’s day is apt to give, and, therefore, 

perhaps warp or crack the brick. The brick are only subjected to 

one handling between machine and kiln. Some manufacturers 

say that it is cheaper to make bricks on a pallet yard. A machine 

called a “ pallet-squarer”’ has been invented by Mr Swain of the 

Croton brick co. which is said to take the place of the spatting tool. 

Tunnel driers. With this method, green bricks are usually piled 

on cars and are run into heated tunnels to dry. The tunnels are 

about 100 feet long and constructed of either brick, iron or wood. 

If soft mud bricks are dried in tunnels, the cars must have racks 

on which to set the pallets bearing the bricks. Stiff mud bricks 

can, however, be set on each other, setting the bricks of two succes- 

sive courses at right angles to each other. Tach car carries about 
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~. 360 brick. Tracks are laid from the machines through the tunnels 

to the kilns. The tracks are laid in two directions only, at right 

angles to each other, and turntables are placed at the points where 

tracks intersect. The tunnels are about 5 feet high and 4 feet wide. 

Several methods are used to heat the tunnels. There may be a fire- 

place at one end and a system of parallel flues under the tunnel to 

conduct the heat. A second method is to use steam heat, the pipes 

being laid along underneath the floor of each tunnel or along the 

sides. Exhaust steam is used in the day time and live steam during 

the night. Another method is to heat the tunnel by a hot blast. 

In a good drier the natural draft should be sufficient to draw the 

air through the tunnels. Six or more of these drying tunnels are 

usually set side by side. Artificial drying takes from 24 to 40 

hours. The longer the clay takes to dry, the greater will be the 

number of tunnels needed for a given capacity. The green brick 

_ are put in at the end nearest the machine and the cars with the 

dry ones drawn out at the opposite end. It is of importance that 

the capacity of the driers shall not exceed that of the kilns. Arti- - 

ficial driers have the advantage of permitting a plant to be run all 

winter. The cost of flue driers is set at 25¢ a thousand brick with 

coal at $2.50 a ton. 

Floor driers. Bricks are sometimes dried on floors, which are 

either of brick or wood. Brick floors are often heated by flues, 

which pass under them their entire length, conducting the heat 
from the fireplace at one end to a chimney at the other. Such 
floors are cheap, but the heat is very unequal at the two ends, and 
a large amount of labor is involved in handling the material. In 
some cases the bricks are dried simply by reason of a current of 
air passing over them, no hot air flues being used. 

Wooden floors either solid or slatted, such as those used in drying 
sewer pipe, may be used, but the cost of laying them is great, and 
the bricks, as in the case of brick floors, require much handling. 
A very common custom abroad, not used in this country, consists 

in having a series of pallet racks built along the top of the kiln, 
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specially if a continuous one is used. ‘This method works best 

where the kiln is placed in the lower story of the factory, while the 

molding machine is on the second floor, or in other words on the 

same level as the top of the kiln. The bricks when molded are 

set on the cars, and wheeled directly to the pallet racks. When 

dry, they are loaded on barrows or cars, and sent down to the kiln 

on an elevator. The one disadvantage in this method lies in the 

extra handling of the bricks. The cost of the drying tunnel is 

however done away with. 

Burning 

In the burning of clay, the chemically combined water and also 

any carbonic acid which may be present are driven off, while the 

organic materials contained in the clay are also burned. As a re- 

sult of this, the clay loses more or less weight, which in calcareous 

clays may be as much as 20%, and the porosity increases as a rule 

with the amount of loss on ignition; but, if the temperature is ele- 

vated enough to soften any of the clay particles, the various grains 

of the mass will draw together, more or less, and the porosity will 

-be diminished. The hardness of the material will also be increased, 

and this is specially true of calcareous clays. In the case of com- 

mon brick it is always the finest particles of the clay that soften 

when a temperature of about 1000° F. is reached, but the small 

particles of quartz sand do not soften, and therefore form the skele- 

ton of the mass, thus enabling the brick to hold its form. As at this 

temperature the quartz sand expands as much as 16%, and conse- 

quently decreases in specific gravity, there will be a certain amount 

of decrease in the porosity from this cause. We therefore can 

obtain thoroughly dense brick from sandy clays, without the burn- 

ing process being accompanied by any material amount of shrink- 

age, the quartz having aided in rendering the clays more dense. 

In the burning the clay changes from a comparatively soft con- 

dition to one of rock-like hardness. The amount of heat applied 

in burning and the temperature to which the kiln is raised depend 
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on the nature of the clay used and the grade of product desired. 

Common bricks for instance may not require a temperature of more 

than 1800° F., while other wares may have to be burned at a tem- 

perature of 2300° F. or 2500° F. 

In the burning process a number of different things exert more 

or less influence and consequently must be taken into consideration. 

Among these we may mention the character of the clay, the char- 

acter of the fuel, the type of kiln to be used, the temperature em- 

ployed, the composition of the fire gases, etc. 

The detailed changes which the clay undergoes, when burned 

have already been mentioned. 

In burning, the wares are piled up in the kiln, as in the case of 

common brick, and front brick, or they may have to be inclosed 

in receptacles to protect them from the action of fire gases, and 

they may sometimes need to be partially inclosed by means of fire 

brick slabs in order to prevent the exertion of any excessive pressure 

on them, which would cause them to lose their form. 

Some clays are burned only to a condition of incipient fusion, 

while others are burned to a stage of vitrification. Common brick 

are an example of the former, paving brick of the latter. 

The type of kiln used varies with the product and also with the 

locality, but in every case it is either up-draft or down-draft. 

In the former case the fire passes from the bottom of the kiln up- 

ward through the ware and out at the top, escaping either at many 

points or through a chimney. In the latter case the fire is con- 

ducted to the top of the kiln first by means of “ pockets ” or “ bags ” 

on the interior wall, passes downward through the ware and then 

out through flues in the floor of the kiln to the stack. All kilns 

are also either continuous or intermittent in their action. In the 

former the heat from the cooling chamber is conducted through 

those which have not yet been burned, and is used to heat them 

up. Both the up-draft and down-draft kilns are either rect- 

angular or round in form, the former having a larger capacity. 

The different types of kiln are mentioned in more detail farther on. 
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The principle of burning is much the same in the different kilns, 

but the burning can be better regulated in closed kilns. In down- 

draft kilns the bricks in the upper portion of the kiln receive 

the greatest amount of heat, whereas in a scove-kiln or clamp, the 

arch bricks, which have to bear the weight of the overlying bricks, 

are heated the most and often become crushed out of shape. The 

rectangular can not be bound together as well as circular kilns, 

this being of course necessary in order to prevent a bulging of the 

walls during burning. | 

Most of the manufacturers who make common bricks by the soft 

mud process, burn them in temporary, up-draft kilns, or scove- 

kilns, as they are properly called, but the use of kilns of the Endaly 

type as well as continuous ones is extending rapidly. 

Scove-kilns. In these the bricks are set up and burnt in “ arches ”, 

several of which go to make up a kiln. The number of bricks in 

an arch varies from 35,000 to 40,000. An arch is about 40 courses 

high, and about 15 arches make up a kiln. The open portion of 

the arch is about 14 courses high; the bricks above the arch are set 

three one way and then three on top at right angles. They are 

kept slightly separated by putting small pieces of clay between 

them. The first row of brick on top of the arch is called the tie 

course, and the first 14 courses, including the tie course, above the 

arch are called the ‘‘ lower bench ”’, and the rest of the courses above 

are called the “upper bench”. When the arch and lower and 

upper benches have been set, brick are laid flat over the top of the 

kiln; this is the “raw platting’’; and then on top of this is laid 

burnt bricks at right angles to those of the raw platting, which is 

the “burnt platting”. Hanging from the roof of the kiln shed 

at the same level are a number of bricks which serve as a guide for 

hight in building the kiln. A wall of two thicknesses of “ double- 

coal” brick is put around the outside of the kiln, scoving the kiln 

it is called, and this is ‘ daubed ” over with mud. The daub is to 

prevent any air entering except through the doors. The latter con- 

sist of an iron frame about 14 inches high, with an iron plate to 
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close the opening; the frames are set in the courses of double-coal 

brick, at the bottom of the arch on both sides of the kin. Double- 

coal brick have six or seven times as much coal dust in them as 

others and are used for placing around the outside of the kilns. 

The combustion of the coal in them, the manufacturer claims, sup- 

plies the necessary amount of heat to the outer portion of the kilns 

which are not sufficiently heated by the arch fires. Double-coal 

bricks sell for about $2.50 a thousand, and usually bear some dis- 

tinguishing stamp, but they are not as strong as the other brick. It 

takes two setters and four wheelers about one day to set an arch of 

35,000 brick; two men will daub the outside of a 15 arch kiln in 

one’ day. 

Having “ walled-up ” the kiln with double-coal brick and daubed 

it over, the next step is to start the fires and burn the bricks. The 

principle of the process is essentially the same, whether wood, coal 

or oil is used as fuel. 
>) First, every alternate brick of the “burnt platting ” is stood on 

end to allow the “ water-smoke ”’ or steam to escape as quickly as 

possible. A fire is then started in the mouth of each arch. When 

coal is used the fire is started on the windward side of the kiln s0 

as to allow the smoke to blow through the arches. | 

The fire is also started from the other end of the arch, and the 

two fires are then built up slowly till they meet in the middle. 

The time of crossing the fires varies; with machine-made bricks 

the fires should not be crossed as quickly as with handmade ones. 

Along the Hudson the time of crossing is from 40 to 60 hours. 

The steam should escape evenly all around the top, and the upper 

limit of the fire should follow directly on it, the steam acting as 

a blanket, and its lower limit should be even. It is the duty of 

the foreman to watch the burning carefully, and increase or ease 

up the steam in any one arch, according as it is coming off too 

slowly or too rapidly. The fires are increased till the “ water 

smoke ” changes to a bluish black smoke, and at this point the 

_ fire can be seen at night time coming from the top of the kiln. 
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The kiln is now “hot” and the bricks commence to shrink or 

“settle” and all the platting is turned down. Up to this point 

care must be used to increase the heat gradually. The bricks now 

get their heaviest heat, and the oxids of iron are changed to the 

anhydrous peroxid, giving the bricks their red color. If the heat 

in the arches is too great. the bricks run, stick together or become 

distorted and cracked. After the firing has been done the doors 

are all closed and plastered over to prevent any air from entering. 

If the bricks are put into the kiln before they are sufficiently 

dried, or if they are heated too quickly, they are liable to crack. 

In the case of coal, grates have to be put in a few inches above 

the level of the floor, and for oil, burners are needed. : 

After a kiln of bricks has been burned, the ends of the arch 

bricks are often black, caused by the particles of dust and carbon 

which have been carried upward sticking to the brick when they 

were in a soft condition, due to the high degree of heat. 

As to the action of the coal dust in the brick. At first while 

the brick contains water, there is no access for the air to the particles 

of coal. However, as the firing proceeds, the water is driven off, 

leaving the brick porous, allowing the air to enter for the com- 

bustion of the coal. Particles of lime and lumps of clay cause a 

splitting of the brick. Insufficiently burnt bricks are called 

“pale ” and sell for $3.75 a thousand. 

The kilns take several days to cool, and, when cool, the bricks 

are put on wheelbarrows, and taken to the freight cars, or barges, 

and then shipped to the market. If the kiln shed is not situated 

along the dock, the barrows are put on a car, which is run down 

a track to the scow. The time of burning is from five to seven 

days with wood and four to five days with oil. The cost of burn- 

ing with wood is 60 to 75¢ a thousand brick, and with coal the 

cost of burning is 40 to 50c. Burning with wood is the cheapest 

method as far as implements are concerned. With coal there is the 

cost of grates and with oil there is a royalty of $1.60 to be paid on 

every burner. The latter is, however, the cheapest method as 

we 
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regards the price of fuel. The great majority of the yards along 

the Hudson use wood, a few use coal and two or three use oil. 

With coal and oil the heat can be better regulated than with wood. 

Another important point is the amount of pale brick produced. In 

scove-kilns there is sometimes a loss of as much as 50,000 to 75,000 

in a clamp of 500,000 bricks, while in a permanent kiln such as the 

Wingard or one similar, the amount of pale brick is said to be not 

usually over 25,000. Again in the case of permanent kilns, it 

takes no more, if not less, time to set the bricks and there is less 

daubing to be done. Regarding the amount of labor required in 

burning, one man is supposed to tend three arches. 

Up-draft permanent kilns. These differ from scove-kilns only 

in having permanent side walls. They are open at the tops and 

ends, and the latter have to be walled up before the burning com- 

mences. Kilns of this type are used to a large extent for burning 

common brick, but they are little used for front, stock, or orna- 

mental brick, as the percentage of salmon brick produced usually 

amounts to from 20% to 35%. ‘The brick are set in the same man- 

ner as in scove-kilns, and the burning proceeds on the same 

principle. 

In up-draft kilns the bricks forming the arches are exposed 

to the direct action of the flames, and are usually overburned, so 

that they are twisted or crushed out of shape, and often covered 

by a layer of ashes which have stuck to their surface. They are 
‘ (73 known as “arch” or “eye” brick. The salmon brick are gen- 

erally to be found in the upper courses of the kiln, and they together 

with the arch brick may at times form an appreciable percentage 

of the product. 

Up-draft kilns are cheaper to construct, and easier to keep in 

repair than the down-draft kilns, for the latter have the bag walls 

on the interior and usually an arched roof, both of which require 

constant attention, and at times may necessitate expensive repairs. 
Down-draft kilns. In these the fire is conducted along the in- 

_ terior to the top of the kiln by means of bags, or “ pockets ” as they 
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are called, before they are allowed to escape into the kiln. The 

fire then passes downward through the product and out through 

the openings in the floor of the kiln to the flues, and from these to 

the stack, or chimneys. The hight of the bags on the inside wall — 

of the kiln varies, and depends partly on the type of kiln, and 

largely on the individual opinion of the manufacturer. . 

There may be one main stack or, sometimes, there are several 

small ones on each kiln. The down-draft kilns are either rect- 

angular or round in shape. The average capacity of the former is 

about 150,000 brick, while that of the latter varies with the diam- 

eter, which is from 15 to 25 feet. 

The percentage of salmon brick is much smaller in a down- 

draft than in an up-draft kiln, and seldom exceeds 15%. Those 

bricks which are on the top of the kiln receive the greatest 

amount of heat, but as there is no pressure on them they do not 

become misshapen, and consequently on account of their great 

hardness and density are often sold under the name of “rough 

hard” and serve excellently for use in damp situations and for 

sewer work. | 

Several types of down-draft kiln are illustrated in the report. 

Down-draft kilns sometimes have two sets of fireplaces, the 

one connecting with the bags on the inside of the kiln and the other 

leading directly into the interior. The kiln may thus be worked 

either as an up or a down-draft, the former being used during 

the water-smoking and the latter during the burning. | 

Continuous kilns. These consist of a series of chambers separated 

by either temporary or permanent walls. The fire is started in the 

first, and as the burning proceeds the heat from the burning cham- 

ber is conducted through the succeeding ones either through flues in 

the wall or pipes connecting the openings in the roof of the kiln. In 

this way, by means of the exhaust heat, the temperature of the suc- 

ceeding chambers is raised, so that less fuel is required. ‘The heat 

from a burning chamber can not as a rule be carried safely through 
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Plate 44 To face page 678 

py 

H. Ries photo. 

Circular down draft kiln for burning brick and hollow bricks. Onondaga vitrified 
brick co., Warners. 
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three or four chambers before conducting it off to the stack, for 

the reason that the hot air collects moisture from the bricks in 

those chambers which are being heated up, and if not drawn off 

when nearly saturated, and before it has cooled down too much, it 

will begin to deposit moisture and soften the green bricks. 

Each chamber has a capacity of 20,000 to 22,000 brick. When 

the partitions between are permanent they are of brick, but the 

temporary ones are built of heavy paper. 

The manner of firing varies. In the original kiln not only did 

it take place through doors at the bottom, but coal slack was also 

fed into the kiln through openings in the top.. Many manufac- 

turers no longer pursue the method of top firme. 

In New York state continuous kilns are used for burning com- 

mon and paving brick. 

Sorting 

After the bricks are burned they have in every case to be care- 

fully sorted, for no kiln produces 100% of bricks which are alike. 

The product of a kiln of common building brick is usually sorted 

into stock, hard, rough hard, salmon or pale. 

In burning a kiln of pressed brick, while the percentage of 

properly burned ones is very much larger than in the case of com- 

mon brick, still there is often a considerable range in the intensity 

of the color, and therefore pressed brick have always to be carefully 

sorted according to the shade. ‘There are numerous shades and 

colors which the manufacturer is able to produce with any clay or 

mixture of clays that he is in the habit of using, but in addition, 

always, a certain number of bricks are of off shades, or show other 

blemishes due to improper firing; and these are generally sold at 

much lower rates. 

Efflorescence on bricks 

It is a well known fact that many bricks develop a white coat 

either during the drying and burning or after the brick have been 

set in the wall. The popular term for this white coating or efflor- 
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“ saltpeter ”, and when it occurs in burning the manu- escence is 

facturer at times erroneously ascribes it to water-smoking. 

The efflorescence is usually due to the presence of soluble salts, © 

specially sulfates, which are formed either in the clay or during 

some stage of the manufacture. Any moisture present in the clay 

or product dissolves these compounds and on evaporation carries 

them to the surface of the ware. : | 

The subject has been discussed in some detail in the Brick- 

builder, from which the following points are taken.’ 

1 Formation of efflorescence in the clay beds, etc. Most clays con- 

tain mineral salts in greater or less quantities, which chemical 

analysis has shown to be sulfates of lime and magnesia, less fre- 

quently of iron and alkalis. The formation of these sulfates is 

generally due to the decomposition of iron pyrite contained in the 

clay, and it will be seen that the more thoroughly this material is 

distributed throughout the clay the more easily it will be subjected 

to complete decomposition, and the greater amount of soluble sul- 

fates will be formed. All clays do not contain iron pyrites. In any 

one clay bank the pyrites may be more abundant in some layers than 

in others. It may be present in equal quantities in all layers, but. 

its decomposition may have proceeded to a greater extent in those 

beds which are the most weathered. This fact has been brought out 

by Dr Gerlach’s observations. One of these was that clay which 

had been allowed to lie for months in the open air left behind on 

the ground where it had been large quantities of beautiful gypsum 

erystals; but the omission of the intermediate operation of allowing 

the clay to weather after it has been dug will not necessarily pre- 

vent the formation of these soluble sulfates, for the same decompo- 

sition of the pyrites may occur if the green bricks are allowed to 

stand a long time in the drying-room, in the presence of moisture. 

The prevention therefore would seem to be in the ordinary molding 

of the clay and the drying and burning of the bricks as quickly as 

possible. This oxidation and decomposition of iron pyrites is there- 

10. Gerlach. Brickbuilder. 1898. p. 59, et seq. 
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fore according to Dr Gerlach the main cause of sulfates, which 

give rise to “ white wash”. Sulfates may also come from the sulfur 

contained in the water used in the tempering of the clay, such 

waters often containing gypsum, and, as many clays often require 

30% or perhaps more of water to render them plastic, it is easily 

seen that the clay may receive a large addition of lime sulfate. 

This sulfate might be present in the mineral coloring matter added 

to the bricks. Rapid drying causes the water to evaporate more 

quickly and a lesser amount of the dissolved sulfates is apt to be 

brought to the surface of the ware. 

2 Sulfates arising during water-smoking and burning. In the 

water-smoking of a kiln those bricks nearest the fireplaces will lose 

their moisture first, and before the bricks farthest from the fireplace 

are heated to a temperature sufficient to convert their moisture into 

steam; therefore much of the watery vapor driven off from the 

bricks which were heated first will be deposited on the surface of 

those farthest from the fireplace, and be absorbed by them to a 

certain extent. If it happens that these green bricks contain soluble 

sulfates, the deposition of this condensed vapor on them will tend to 

increase the sulfates in solution, and when their water is driven off 

all the sulfates will be carried to the surface in solution and de- 

posited there. This condensation of the water will be harmless, if 

the clay contains no soluble sulfates or if the contained soluble 

sulfates have been previously rendered insoluble by the addition of 

the proper chemicals. Another source of difficulty may come from 

the use of sulfurous fuel, for it is known that many coals contain 

more or less iron pyrite. This sulfurous acid gas in passing through 

the kiln will only too willingly attack carbonates present in the clay 

and form sulfurous salts, which as the heat of the kiln increases, 

come to the surface, and are there oxidized to sulfuric salts or sul- 

fates, these causing efflorescence or discoloration. 

Effiorescences formed on burned ware. It not infrequently hap- 

pens that clay products come from the kiln apparently free from 

any superficial discoloration and later develop one when subjected 
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to moisture. This is generally due to the formation of dalts during 

burning, and they are specially annoying on account of their tardy 

appearance. The salts formed during drying do not necessarily — 

arise simply from the combination of sulfur in the fire gases with 

bases-in the clay, but may also be due to iron pyrite which, during 

burning, aids in the formation of white washing sulfates in the in- 

terior of the bricks. The formation of white washing sulfates dur- 

ing burning is described by Gerlach as follows: “A part of the 

sulfur in the iron pyrite is loosely combined with the iron, and 

oxidation of tthis part begins at approximately 650° F., whereas 

the other parts burn at ordinary heat. The products of disintegra- 

tion are oxid of iron, and sulfurous acid gas. This chemical re- 

action is expressed as follows: 1) FeS, -+ 2O,= FeS + SO,, and 

z) zFeS+70=Fe,0; 28O,. The sulfurous acid gas SO, when 

heated in contact with solid porous bodies is oxidized by the super- 

fluous oxygen of the air of combustion to sulfuric acid, or converts 

existing oxids into sulfuric salts. It was for a long time erroneously 

believed that the presence of water or watery vapor was necessary 

for the formation of sulfates.” Gerlach’s conclusion is that it fol- 

lows that white washing sulfates are formed in large quantities only 

when sulfurous acids and carbonate of lime or other carbonates 

occur together in chemical action. Sulfurous acid has no injurious 

effect on clay containing no carbonates of lime, magnesia, or alka- 

lis; such clays accordingly can be burned with sulfurous coal with- 

out any fear of white washing sulfates, while clay containing 

carbonate of lime requires a fuel free from sulfur. 

Gerlach sums up the causes of efflorescences as follows. 

Wiute efflorescence 

Source 1 The green clay 

a Caused by the presence of sulfates in the clay 

b Caused by the formation of sulfates during the storage of the 

clay | 
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Source 2 The manufacturing 

a During molding 

1) By presence of sulfates in the water or coloring matter 

2) By formation of sulfates during the drying 

6 During burning 

1) During water-smoking 

2) During firing 

Source 8 Environment of the bricks and buildings 

a Caused by the absorption of saline solutions from the soil of 

the place of storage 

b Caused by the absorption of soluble salts from the soil on which 

the building stands 

Yellow and green efflorescence 

1 Organic in character — caused by the action of vegetable 

micro-organisms F | 

2 Inorganic in character — caused by soluble vanadinate salts 

White efflorescence. Sulfates are seldom present in large quan- 

tities, but according to Gerlach .1 to .05% is sufficient to produce 

an annoying white incrustation. This is prevented by rendering 

the sulfate insoluble. The most effective way is by the addition of 

some barium compound, specially the carbonate or chlorid. When 

barium salts come in contact with sulfates, barium sulfate is formed, 

a combination which is absolutely insoluble in water. This is 

expressed by the following chemical reaction. 

CaSO,+ BaCO;=CaCO,+ BaSO,, 
CaSO,+ BaC,—CalCl, + BaSO, 

Thus it will be seen that in both cases we get insoluble compounds, 

which are harmless. If the cost plays any part in the use of them, 

it will be generally found that barium chlorid is the cheaper. 

Method of use. As carbonate of barium is insoluble in water, in 

order to make it thoroughly and uniformly effective, it must be 

- mixed in with the clay very thoroughly, and in as finely divided a 

condition as possible, because it will only act where it comes in 



684 NEW YORK STATE MUSEUM 

immediate contact with the soluble sulfates. While only a small 

quantity of barium salt is required, still to insure thorough mixing, 

10 to 20 times the necessary amount should be employed, and it 

can be used without any injurious results. The following example 

is given by Gerlach. The clay must first be thoroughly analyzed 

to determine the amount of sulfates. If, for example, the clay con- 

tained .1% of sulfate of lime, this would mean that one pound con- 

tained .4 of a gram, and theoretically every gram of sulfate of 

lime needs 1.45 grams of barium carbonate to render it insoluble; 

therefore theoretically a pound of clay would require .6 of a gram 

of barium carbonate, or for safety six or seven grams should be 

used for every pound of clay. This would be about one hundred 

pounds for every thousand bricks, based on the supposition that a 

green brick weighs seven pounds. Asa pound of barium carbonate 

costs 24c, the amount of it required for a thousand brick would cost 

$2.50. It is cheaper to use barium chlorid for the reason that the 

salt is soluble in water, and hence can be distributed more evenly, 

with the use of a smaller quantity. The chemical reaction takes 

place much more quickly when the barium chlorid is used. There 

is the objection to it that as near as possible the theoretic amount 

must be used, for, if any of it remains in the clay, without reacting 

with any sulfate, it will form an incrustation on the surface of the 

brick. To give an example of the use of chlorid of barium, we may 

take again a clay containing .1% of calcium sulfate. This would 

require theoretically 1.8 grams of crystallized barium chlorid and, 

passing over the intermediate stages of the calculation, a thousand 

bricks would require 57.4 kilograms of barium chlorid. If barium 

cost 24c a pound, a thousand brick would require an extra outlay 

of only 32c, in using barium chlorid. Chlorid of lime is also 
formed, but this has no injurious effect provided the clay is heated 

to such a temperature as will cause the lime to unite with other 

bases and silica, and form a complex silicate. If heated high 

enough to decompose the chlorid of lime, it might be that its sub- 

sequent slaking would be injurious. 
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If the clay treated with the barium chlorid is used at once, no 

efflorescence will result, either on the unburned or the burned brick, 

' but if the clay thus treated is allowed to lie for any length of time, 

large quantities of iron pyrite may be decomposed with the forma- 

tion of additonal sulfates. It frequently happens that the discolora- 

tions on bricks appear near the edges and corners. This is due to 

the fact that the waters evaporate most readily from these points. 

The more quickly the water is evaporated, the less will be the 

quantity of soluble deposit on the surface. Incrustations which 

appear during drying are found more commonly on bricks made 

from very plastic clays, and which owing to their density do not 

allow the water to evaporate quickly. In sandy clays, the in- 

crustation is ata minimum. This explanation is believed to account 

for the appearance of efflorescence on the surface of pressed bricks 

more than on rough surfaces. 

Cost of production 

This item varies considerably, depending on a variety of circum- 

stances, such as the method of manufacture employed, cost of labor, 

locality, ete. Brick manufacturers are generally unwilling to give 

information on this subject, and the figures given, therefore, can 

only be considered approximate. The use of improved machinery 

and methods will often lower the cost of production considerably, 

but this generally requires a much greater outlay of capital than 

seems to be in most instances available. By the hand power method 

the cost of manufacture is $3.75 to $4 a thousand delivered at the 

yard. On Long Island, where the soft mud process is almost ex- 

clusively used, the cost is said to be $3 a thousand delivered at the 

yard. Hudson river manufacturers quote the cost at $5 a thousand 

delivered in New York city; this figure includes $1.25 for trans- 

portation and 25c a thousand for commission. 

The brick yard is usually owned by the manufacturer but the 

elay bank is worked on one of two bases: 

1 The manufacturer owns the bank. This is by -~ the best vita 

most profitable arrangement. 
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2 The brickmaker pays a certain rental, usually 9% or 104%. 

3 The owner of the clay bank gets so much a thousand brick. 

At Haverstraw this varies, for instance, from 25¢ to $1.25 a thou- 

sand. With this arrangement the manufacturer is bound to a 

certain amount of production. 

Of the three methods of manufacturing brick, the soft mud 

process is the cheapest as far as first cost of plant is concerned, but 

it is probably not the cheapest in operation, as more labor is required. 

The other two methods used, the stiff mud and dry clay, require 

considerable outlay of capital. Less labor is required for operating 

either of the last-mentioned plants. The actual cost of production 

by either of these methods I have not been able to obtain. It is 

doubtful if the dry clay process is the cheapest, as the manufacturers 

of this class of machinery assert, for the economy gained, due to the 

shortness of the method, is probably counterbalanced by the in- 

creased time of burning and consequently greater amount of fuel 

used. With the soft mud process one man to 1000 brick is what 

the manufacturer figures, that is, if the yard has a capacity of 

50,000 a day, a force of 50 hands is required to operate the yard. 

As regards fuel, for instance, a saving of 30c¢ can easily be made 

by using coal instead of wood; gas is considered about 25¢ cheaper 

a thousand than coal. Farther economy may be effected by the use 

of the proper class of machinery for haulage. Carts can usually be 

employed economically up to 400 feet; beyond this it will usually 

pay to lay tracks and use cars hauled by horses. Above 600 feet 

steam haulage has been found economical. Self-acting planes and 

cable haulage have been used to advantage in a few instances. 

Common brick are made from shale at many localities in the 

southern part of the state, and sell just as cheaply as clay brick. 

Detailed account of brick yards 

As the brick yards are scattered all over the state, a division of 

them into groups for convenience is more or less arbitrary. How- 

ever, the following classification has been made. 
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Brick yards of eastern New York 

“ central New York from Schenectady to Buffalo 

‘f Oswego, Jefferson and St Lawrence co. 

4 southern New York 

. Long Island 

s Staten Island 

Most of the bricks manufactured in the state are sold in local 

markets. In the case of the Hudson valley bricks, the market of 

New York city receives the larger proportion, and the competition 

has been so keen and the supply so great that prices have often 

been depressed accordingly. 

Brick yards of eastern New York 

Hudson valley. Extending up the Hudson river valley from 

Croton to Albany and even to Glens Falls, is a more or less con- 

tinuous deposit of clay which can safely be said to be one of the 

most extensive in the United States, and which furnishes the ma- 

terial for the greatest brickmaking region in either Europe or 

America. 

The geologic relations have already been described in the 

chapter on the “ Geology of the clay deposits”, and the de- 

tailed description of the beds as seen at the different yards is given 

later, so that all that need be mentioned here is the physical char- 

acter of the clay used, and this can be treated in a general manner 

for the reason that the constancy in character of the Hudson valley 

clays, specially between Croton point and Albany is remarkable. 

Throughout their extent they present the same type of marly clay, 

of a blue gray color, except where the upper beds are weathered, 

the color there being yellow, owing to the presence of limonite. 

These clays contain a great quantity of fine grit, and a large amount 

of clay substance, as shown by the mechanical analysis given below. 

The fine grit is not uniformly distributed through the clay but is in 

thin layers which cause the clay to split very evenly and readily. 
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These clays are sticky when mixed with water, but they are by 

no means to be called highly plastic; indeed, when worked up with 

water the mass shows a certain resistance to mobility that is hard — 

to describe, but is not unlike a mass of powdered feldspar in its 

behavior. 

When thrown into water the ‘diay slakes quite re to a 

flocculent mass. 

Two samples were tested physically, the one from Rose’s yard 

at Roseton above Newburgh, and the other from the Brockway 

brick co.’s yard above Fishkill. 7 
The sample from the bank of the Brockway brick co. (109) 

worked up toa sticky, but not highly plastic mass with 29% of water. 

The bricklets showed an air shrinkage of 5%—-6%. 

The tensile strength of air-dried briquettes was 75 to 90 pounds 

a square inch, but some reached 120 pounds a square inch. 

The clay also gave .2% of soluble salts. 

In burning, the clay burned red with i increasing depth of color 

as the temperature was raised and at viscosity passed to a brownish 

glass. Incipient fusion occurred at cone .05 with a total shrinkage 

of 8%. Vitrification at cone .04 es a shrinkage of 15%. Viscosity 

took place at cone .01. 

The clay from Roseton was very similar in its behavior to the 

previous one. 

The air shrinkage was 5%. Sane fusion occurred at cone .05, 

vitrification at cone .04 with a total shrinkage of 14%. At .01 the 

clay became viscous. The tensile strength ranged from 75 to 93 

pounds a square inch. 

The soluble salts amounted to .34. 

A mechanical analysis of the clay from the bank of the Brock- 

way brick co. yielded, 

Clay substance o.oo. cs. os se 0 np 49.83% 

Silt and ‘very fine sand . ... .. geen 28.30% 

Fine gand . 1.07... «ag sw a> p ReneS 21.75% 
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Many attempts have been made to utilize the vast deposits of 

clay found in the Hudson valley for other purposes than common 

brick, but thus far only cases of failure are recorded. Two 

other uses to which the clay is adapted, are as a natural glaze for 

pottery (see “ Pottery manufacture ”), and in the manufacture of 

Portland cement. 

It is also a curious fact that, though the Hudson valley is the seat 

of such an enormous industry, nevertheless the methods employed, 

and machinery used are anything but modern. This is partly due 

to the fact that the clay does not stand treatment by other methods. 

Stiff mud machines seem to be barred out completely by the nature 

of the material, but why the old, out-of-date scove-kilns still hold 

their own is a matter which is hard to explain. 

Detailed account of Hudson river yards’ 

Croton Landing, Westchester co. There are three yards, all 

situated on Croton point and having a yearly capacity of 61,000,000 

brick. The yards of the Anchor brick co. are located at the base of 

the point, a short distance south of the station and along the rail- 

road track. One yard is situated a few feet above river level, the 

other 90 feet above it on a delta terrace. The clay deposit adjoins 

this yard. It is basin-shaped, and varies in depth from 40 to 70 

feet. The clay is mostly blue, and is underlain by hard pan, the 

pebbles of which are cemented by clay stained with limonite. The 

present excavation is about 40 feet deep and the bottom of it is 40 

feet above mean tide. Borings show an additional depth of 35 feet 

in the center. The stripping amounts to about 10 feet of loamy 

clay and sand, and streaks of gravel are not uncommon in the clay. 

The deposit is worked in benches having a long working face, 

and these benches converge to one point at the eastern end of the 

pit, from which a single track is laid up to the tempering machine. 

1 The detailed field work on these clays was done in 1891 and 1892, and, 

while the yards have in some instances changed hands since then, still it was 

thought better to leave the names in use at the earlier period mentioned. 
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Tracks are also laid along the benches, and as the working face 

recedes the tracks are shifted with crowbars. The cars are brought 

down to the working face by gravity, or a small engine which is 

chiefly used to draw them to the tempering pits. A temporary track 

is laid over the ring pits, on which the cars can be run to facilitate 

dumping. Those cars containing clay for the lower yard are run on 

to a self-acting inclined plane, and on this the empty cars and 

tempering sand for the upper yard are also brought up. The 

tempering sand is dug by a steam shovel, at the base of the terrace 

escarpment. ‘The bricks are dried on covered yards and burnt in a 

special type of kiln. It consists of two walls of best quality brick, 

about 15 feet high and 14 inches thick. The lower portion of the 

walls containing the doors are 2 feet thick, and the two walls are 

about 20 feet apart. The two ends have to be walled up with 

double-coal bricks after the kiln is filled. Coal is the fuel used. 

- The bricks when burnt are loaded on cars and run down to the 

dock, those from the upper yard going on the gravity plane. The 

tempering sand is discharged by the shovel into small cars, which 

are drawn up an incline to the top of a framework and dumped, 

the sand falling through a series of screens into cars below. 

The Croton brick co. has two yards, an open and a pallet yard; 

and obtains all its clay from the river with a scoop dredge. It is 

dumped into cars on a scow, which, when full, are run up an in- 

clined plane on the shore and dumped. The clay is thus exposed to 

the weather for several months before it is used. It costs about 

15c¢ acubic yard to deliver the clay on shore and 10¢ a cubic yard 

to haul it to the pits. Tempering sand is obtained from the escarp- 

ment of the delta terrace just south of the yard. At the pallet 

yard they use a hand machine to square the green bricks on the 

racks, that consists of two plates of steel, attached to which, at right 

angles and on the same side of the plates, are 12 smaller ones, 4 

inches high. Attached to the large plates are two handles. The 

two large plates slide back and forth on each other and so that the 

small plates can be brought together. This machine is set on six 
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bricks at a time and by moving the handles the plates press against 

the brick, squaring the corners. It is said a boy can square a pitful 

of brick (35,000) in a day. The molding machines have an endless 

chain with buckets attached to them for feeding the sand. This 

leaves only the clay to be shoveled into the machine, and the feed- 

ing of the two uniformly and continuously gives a more evenly 

tempered mixture. It will be seen in this case that no soak pit or 

ring pit is used — the molding machine does all the mixing. The 

molding sand is dried by spreading it out on the kiln floor, it being 

thought that it dries quicker this way than if it were banked up 

against the kiln, as is commonly done. 

The W. A. Underhill brick yards are situated midway between 

the base and end of Croton point. There are two yards, both 

covered. The brick made at this yard are sold mostly for fronts, 

selling for $14 a thousand. The clay bank lies between the two 

yards; it has a hight of 40 feet above mean tide and extends 15 

feet below it. At the last-mentioned depth the blue clay stops and 

is followed by 2 feet of yellow clay, several inches of quicksand, 

through which spring water enters, and finally hardpan. There is 

a stripping of fine sand, which varies from 10 to 20 feet in thick- 

ness. Some portions of this sand are found to make a better brick 

when mixed with the clay than others. The clay-is mined in 

benches, and narrow tracks are laid along the working face. Side 

dump cars are used to haul the clay, being run in trains of three, 

drawn by four mules. The tracks are laid around the ring pits, so 

that the clay may be easily discharged into them. 

Crugers, Montrose and Verplanck, Westchester co. These three 

localities lie so connected and their clay banks are so similar that 

they are best described together. The clay is extremely variable 

_ in depth, which is due to the great irregularity of the face of the 

underlying rocks; it is both blue and yellow. No special method 

is used in mining the clay, it being dug at any convenient spot till 

the underlying rock is reached and then the bank is attacked at 

another point. At Montrose and Crugers the clay is overlain in 
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places by a moderately fine sand and gravel, cross-bedded in places. 

The clay varies from 6 to 50 feet in thickness. It extends in places 

to an altitude of 90 feet, as at McConnell & O’Brien’s bank, 

while at others, as McGuire’s bank, it only reaches a hight of 6 

feet above mean tide. At the latter place the clay is overlain by 10 

feet of sand and coarse gravel and has been excavated to 10 feet 

below mean tide. | 

A partial analysis of the buff clay from McConnell & O’Brien’s 

clay bank at Verplanck is given below. 

PCa oon cine Pee ee are Mute ete Rheem 50.92 

Pluss. en ee ee eee ee oe ee 26.872 
PEFOMIG OF OHS os oo ee care ee ieaerapione gers 4.90 

TAME A, eee 2 op Sm ere oe ee dO an 3 ere eee 2.52 

Wemtiea nc son ees Cee ee ete ee oe eee 1.36 

King & Lynch’s yard is situated on George point near Mon- 

trose. The bank is about 700 feet distant, and the clay is hauled 

in cars drawn by horses. At most of the yards the haulage is 

down grade. Fisher’s clay bank at Orugers is overlain by 2 feet 

of loam. This is used to supply part of the tempering material 

and the rest is obtained from Jonespoint. At the yards on Ver- 

planck point horse power is chiefly used to operate the machinery. 

Most of the yards at this locality obtain their clay from the pits of 

the Hudson river brick co. This clay bank is worked in benches. 

The haulage distance is about one half a mile. It is done either 

in carts or in cars run on tracks and drawn by horses. 

Along the New York Central railroad a short distance south of 

Montrose station are the yards of C. Hyatt and J. Morton. Mr 

Morton also has a covered yard on Verplanck point where front 

brick are made. Their banks are practically a continuation of 

each other. The clay is both blue and yellow and is overlain by 

several feet of coarse sand. Hyatt uses steam power and Morton 

1 Alumina is probably too high.— H. Ries 
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horse power to run his machinery. The bricks are loaded on cars 

and shipped to various points along the Central railroad. 

Peekskill, Westchester co. Bonner & Cole’s brick yard lies 

between the river and the railroad about three quarters of a mile 

south of Peekskill. The clay lies below tide level. It is said 

that borings have shown a thickness of 50 feet. There is on the 

average a stripping of 5 feet of gravel and cobblestones. 

South of this yard are two others, viz, Oldfield Bros. and 

the Bonner brick co. Their clay is similar to Bonner & Cole’s, 

but rises to a greater hight above tide level. ° 

Haverstraw, Rockland co., is one of the great brick manutfac- 

turing centers of New York state, there being 42 brick yards, with 

a yearly capacity of 238,000,000 bricks. The yards are situated 

in a line along the river stretching from the lower end of Haver- 

straw village northward around Grassy Point, to Stonypoint. <A 

few of them are situated along Minisceongo creek. Most of the 

yards along the river are digging their clay below tide level. At 

the south end of the village a dam was built at an expense of 

$30,000, reclaiming thereby 12 acres of clay land from the river. 

And more recently clay has been dredged from the river bottom. 

The last-mentioned bed of clay is underlain by till and modified. 

drift, from which tempering sand is obtained. The clay within 

this inclosure has been excavated to a depth of 20 feet below mean 

tide. In the pits of the Excelsior brick co. they have reached a 

depth of 35 feet below river level; in Donnelly & Son’s pit, 45 

feet, and west of Washburn’s yard, 40 feet. A pipe well was sunk 

from mean tide level 100 feet through blue clay, in the Excelsior 

co.’s clay, and at this depth struck bed rock or a large boulder. 

The clay in these pits is rather sandy on top, but is said to im- 

prove with the depth. It is mostly blue. Streaks of quicksand 

are always liable to be encountered. In those pits situated along 

the river and to the rear of the yards, there is no expense of strip- 

ping unless the excavation is widened, but there are two important 



694 NEW YORK STATE MUSEUM 

items of expense, viz, pumps to keep the water out of the pits, 

and the maintenance of corduroy roads leading down into the pits. 

The clay is dug at any convenient point within the excavation 

and hauled in carts to the yard. About one quarter of a mile west 

of the river, where the terrace is 40 to 50 feet high, clay is being 

dug from the escarpment to supply the yards of J. D. Shankey, 

Buckley & Carroll, Philip Goldrick, R. Malley, and J. Brennan. 

Some of the yards situated on Minisceongo creek have to haul 

their clay 400 to 500 yards. ‘Where the clay is obtained from the 

terrace escatpment there is in most cases a stripping of from 6 

to 10 feet of sand and gravel. This is screened and used for tem- 

pering. The Excelsior company has tried to use clay dredged from 

the river, but gave it up after one season’s trial for reasons un- 

known. Most of the brickmakers at Haverstraw temper their clay 

in soak pits and burn their bricks with wood. They all use open 

yards for drying except the Diamond brick co. which has recently 

put in a tunnel drier. The Excelsior company has a covered yard, 

and Bennett, Rowan & Scott use pallet driers. At most of the 

yards barges can be brought to within a few feet of the kilns, and 

those yards not situated directly on the water put the barrows, 

loaded with brick, on flat cars and run them down to the dock. 

Stonypomt, Rockland co. This is practically a part of Haver- 

straw. There are four yards here. They obtain their clay from 

one large shallow excavation on the west side of the West Shore 

railroad track and 500 feet north of Stonypoint railroad station. 

The clay has to be carted from 100 to 300 yards, and when the 

excavation is widened there is a stripping of 3 to 6 feet of sand 

and cobblestones. Corduroy roads have also to be used. The four 

yards are situated along the water front. One of them, Riley & 

Clark’s, uses stationary kilns. Riley & Rose have a covered yard, 

the other three firms dry their bricks on open yards. The clay 

bank is owned by T. Tompkins & Son. 
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The following are some tests of Haverstraw brick made by 

M. Abbott at the time the East river bridge was being completed, 

No packing was put between the brick and plate of testing machine. 

Crushing strength 
to the square inch 

“Pows.us 

Maxamame ta; sais 0d 3 060 

Whole brick tested on end..... +, Manimyma 2: Jispesiiy.g es 1 600 

MEY CEAMG Gls tahels ia ai 2 065 

. Maxim imii.oc{. 2 (as . 4153 

Half brick tested on flat side... | Minimum 52) J. 2% ‘ 2 669 

PeyOrameeiy. io). bbw 550 b- 3 371 

Maxam: {iaysiuness <5 6 400 

Half brick tested on edge..... Minimum...... Hee 2 900 

INMORAR CH. 0) 12) e7eh ani 4 612 

Had the surfaces been ground parallel and cardboard or blotting 

paper been put between the face of the brick and plate of machine, 

higher results would no doubt have been obtained. 

Thiells, Rockland eco. About two miles south from Haverstraw 

and half way between the stations of Ivy Leaf and Thiells, on the 

New York and New Jersey railroad; is the brick yard of Felter & 

Mather. The clay deposit is basin-shaped, about 15 feet thick, as 

determined by boring, and has a slightly elliptic outlme. The 

clay is chiefly of a blue color, the upper portion being weathered 

to yellow. It is overlain by a few feet of drift containing small 

boulders and underlain by similar material. The tempering sand 

is obtained from a bank on the opposite side of the railroad about 

1000 feet from the yard. Tempering is done in ring pits; the 

bricks are molded in soft mud machines and dried on an open yard. 

Burning is done in scove-kilns. The product is shipped to various 

towns along the line of the railroad in New Jersey. 

Coldspring, Putnam co. A brick yard was in operation north 

of this town for a number of years, but has been shut down on 

account of the clay giving out. 



696 NEW YORK STATE MUSEUM 

Stormking, Dutchess co. About 1000 feet north of the station 

is a clay deposit, chiefly yellow. It is worked by Mosher Bros. 

The bank has slid considerably; it has a vertical hight of 50 to 60 

feet. 

Cornwall on the Hudson, Orange co. C. A. & A. P. Hedges are 

the only brick manufacturers here. Their yard is situated on the 

West Shore railroad about a mile north of Cornwall station. They 

have 27 acres of clay land. Blue and yellow clay are found in the 

bank, the main portion of which is covered by delta deposits of 

Moodna river. The clay layers are much compressed in places, 

making it difficult to excavate and necessitating the use of picks. 

The bank is worked in benches and the clay has to be hauled about 

300 feet to the machines. The stripped sand can be used for tem- 

pering. Many bricks are shipped to points on the New York, On- 

tario and Western railroad. 

New Windsor, Orange co. There are six yards here. They 

obtain their clay from the escarpment of a terrace 110 feet high. 

Their clay is both blue and yellow. Streaks of quicksand oceur 

in the blue. The yellow is dry and tough, and has to be worked 

by undermining. In thickness the clay varies from 20 to 60 feet; 

the layers are in many places contorted, and in some cases the 

stratification has been obliterated. Overlying the clay are gravel 

and sand; the latter is used for tempering. Most of the New 

Windsor clay permits the addition of very little water in tempering. 

Ring pits and Adams machines are used at these yards. ‘The yards 

are all situated along the river, and ship their product on barges 

or by the West Shore railroad. | 

Dutchess Junction, Dutchess co. There are several brick man- 

ufacturing firms having yards along the river south of Dutchess 

Junction. They obtain their clay from the escarpment of an 

80 foot terrace which extends from a short distance north of 

Stormking to Dutchess Junction. The clay has a fairly uni- 

form thickness; the upper 4 to 8 feet are yellow, the rest blue. 

The greatest thickness of clay known for this locality is at Aldridge 
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Bros.’ yard, where a well was sunk 65 feet through the clay, which, 

added to the hight of the bank (65 feet), gives us a total thick- 

ness of 130 feet at this point. The clay is usually covered by 

gravel, and by sand in some eases sufficiently fine to be used for 

tempering or even molding. It is worked in benches, and the haul- 

age distance is 200 to 300 feet. At Timoney’s clay bank there is 

some extra labor in stripping the scrub oaks and other bushes which 

cover the surface of the terrace. 

Fishkill, Dutchess co. Harris & Ginley’s yard is situated about 

one quarter of a mile below the town. The clay bank is leased 

from the New England railroad co. It was formerly quite thick, 

but clay having been dug for 50 years but a small portion of the 

bank remains. The clay has a maximum thickness of 45 feet. 

Streaks of quicksand occur throughout the clay; it is underlain by 

hardpan and shale. 

The other yards at this locality are situated along the river from 

a point about half a mile above Fishkill up to Low Point station. 

One of the yards is just north of Low Poimt. The most southern 

one is that of Aldridge & Sherman, with 600 feet water front. 

The clay land of these two firms belongs to the W. E. Verplanck 

estate. Next on the north are works of the Brockway brick co., 

with 1200 feet of water front. This firm owns its clay bank. The 

bricks are dried on pallets. The next two yards belonging to 

Lahey Bros., (650 feet water front) and Dinan & Butler (475 feet 

water front), respectively, lease their clay bank from the W. E. 

Verplanck estate. Dinan & Butler have a pallet yard. The five 

above-named firms obtain their clay just east of the yards from 

the escarpment of a 90 foot terrace; it is both blue and yellow and 

overlain by 4 to 6 feet of loam, sand and gravel. A short distance 

north of Dinan & Butler’s yard is that of J. V. Meade. About 20 

feet of clay are exposed in the bank, which adjoins the yard. The 

¢lay is overlain by 4 to 6 feet of sand and cobblestones. The sand 

is screened and used for tempering. 
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C. G. Griggs & Co.’s brick yard is located along the river about 

half a mile north of Low Point station. An opening has been 

made for clay about 800 feet east of the yard; the clay as exposed 

at present is 20 feet thick and overlain by 2 feet of loam. 100 

feet farther east, and at a slightly higher level, sand for tempering 

has been dug to a depth of 8 feet without finding clay. The clay 

is hauled in carts to the yard. 

Foseton, Orange co. There is a remnant of a terrace at this 

locality 120 feet high. From this J. J. Jova and Rose & Co. 

obtain their clay. The former has 80 acres, the latter 40. The 

clay is mostly blue and rises to a hight of 100 feet above the 

river. At Jova’s upper yard it is underlain by limestone and 

overlain by sand. On top of the clay at his lower yard are 10 

to 15 feet of sand and gravel. | 

A well was sunk from river level at Jova’s, passing through 

the following: 

Blus*elay ee es ee ee 80 feet 

Quicksand ys. eh Se ee ee ‘Oe 

Loose ‘sand: and, gravel’) > yaa c cose eee Toe 

L8G 

Adding to the above section 100 feet of clay above river level 

gives us a total thickness of 180 feet of clay. At Rose & Co.’s 

yard, which adjoins Jova’s on the south, it is said, a well was 

sunk 135 feet through blue clay. Adding to this 108 feet of 

clay above mean tide gives us a bed of clay 243 feet thick. The 

terrace which the clay underlies at Roseton extends back from 

the river several hundred feet into a reentrant angle of the hill. 

The clay contains little sand and is worked in benches. Carts 

are used to haul the clay. South of Roseton station is a bank of 

sand of alternating yellow and grayish black layers, which has been 

used for tempering, but is said not to give as good results as that 

on Jova’s premises. 
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Port Ewen, Ulster co. §S. D. Coykendall’s yard lies near the 

junction of Rondout creek and Hudson river. The bank is just 

west of the yard. There is a considerable stripping of fine sand 

and the clay slides quite easily. It is dug at any convenient point 

of the bank. The overlying sand can be used for tempering and 

molding. Oil is used for burning the bricks. A short distance 

farther south along the river is J. Kline’s yard. He obtains his © 

elay from various points in the terrace escarpment and in some 

cases hauls it nearly a quarter of a mile. Mr Kline has made 

borings at various points along the river and the terrace and in the 

escarpment in the vicinity of his yard, and says that at none of them 

has he found over 18 feet of clay. Beneath it was hardpan. This 

would seem to indicate that the central mass of the embankment is 

rock, overlain by hardpan, and that on this the clay is laid down. 

In many places the clay is covered by 10 to 20 feet of fine, strati- 

fied sand. 

The following is an analysis of the blue clay near Rondout 

which is used for the manufacture of cement. 

PN! 0 5 save abies yan eae aI eS we SiS 

Peroxid of iron and alumina................. 22.6 

RE tat S's Sembee, «UES 4.85 

nme er or oa ee 2.07 

Creer male nikadia: 2. Woe Po. 0) ols 12.68 

100.00 

East Kingston, Ulster co. There are eight brick manufactur- 

ing firms at this locality, viz, Streeter & Hendricks, D. S. Manches- 

ter, Brigham Bros., C. A. Schultz, A. S. Staples, R. Maine & Oo., 

Terry Bros. and W. Hutton. They all obtain their clay from the 

terrace escarpment which extends from Glaseco to Rondout. (For 

thickness of clay see table.) At Streeter & Hendricks’s yard the 

clay lies some 300 yards from the river. They obtain their tem- 

pering sand from Wilbur. Manchester’s bank is similar. At 

~ 
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Brigham Bros.’ yard the clay is yellow, being weathered through 

to its base. It has a thickness of 10 feet and rests on an uneven 

ridge of shale. On account of its toughness it is worked by under- 

mining, as is the case with other yards along here where clay is 

being dug. OC. A. Schultz has an exposure of clay 80 feet thick, 

overlain in spots by sand that can be used for tempering. Next 

on the south is A. S. Staples’s yard. ‘The bank has been excavated 

to a lower level than the preceding one. ‘The clay is underlain by 

hardpan. . R. Maine & Co. have five acres of clay land. The ter- 

race here is quite narrow. At Terry Bros.’ yard the clay, which 

is mostly blue, has been excavated sufficiently to expose the lime 

stone against which the terrace lies. At Hutton’s yard the blue 

clay is exposed from 8 feet above mean tide, to 110 feet above 

it; overlying this is 10 feet of yellow clay and then 15 feet of sand. 

It will be seen from the limits quoted above and in the table, that 

the thickness of the clay between Glasco and Rondout varies con- 

siderably, amounting to 120 feet in places, while in others it is 

not over 15 or 20 feet. This is due to the great irregularity of the 

underlying rock surface. 

| Smiths Dock, Ulster co. The only yard here is that of Theo- 

dore Brousseau. He has about 90 acres of clay land. The clay, 

which is mined with plow and scrapers, is obtained from the terrace 

east of the yard. It is mostly blue and covered by a few feet of 

loam. ‘The yard lies some 700 feet from the river and the bricks 

are carted down to the dock. Brousseau’s property extends west 

to the West Shore railroad, and the farms north and south of him 

are underlain by clay. | 

Malden, Ulster co. The clay at Cooney & Farrell’s yard to 

the north of the village is mostly yellow, and lies 10 to 20 feet 

thick on the upturned edges of the Hudson river shales. This 

yard was started in 1891. a 

Glasco, Ulster co. Washburn Bros. ‘This firm is one of the 

largest producers along the river, having a yearly capacity of 

50,000,000. They have about 150 acres of land, a large part of 
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it being situated along the river. Their clay is mostly blue and 

rises in a bank to the hight of 130 feet. It has been excavated 

to 8 feet above mean tide. The upper 10 feet is yellow sand; 

a thin strip of yellow clay separates it from the red. The lower 

third of the bank is somewhat sandy; the best results are obtained 

by a mixture of the upper and lower portions of the clay. Both 

pallets and open yards are used for drying; the former at the yard 

situated on the terrace. A short distance below Washburn Bros. 

is F. M. Van Dusen’s yard. The clay is blue, 70 feet thick and 

is underlain by shale whose surface is glaciated. Several feet of 

loam overlie the clay. Tempering sand is brought from Wilbur 

on Rondout creek. J. Porter’s yard adjoins Van Dusen’s on the 

south. The clay lies on a ridge of shale which rises steeply from 

the shore to a hight of 60 feet. The brick yard is at the foot of 

the cliff and was started in 1891. Plows and scrapers are used to 

mine the clay, which is of a yellow color, and overlain by 3 feet of 

loam. Carts are used for hauling the clay. About a mile below 

this are the yards of C. H. Littlefield, A. Rose & Co. and D. C. 

Overbaugh. The three are close together. A ridge of shale rises 

steeply from the river and behind this the clay lies. The terrace 

here is 150 feet high, and borings which have been made show a 

depth of 60 feet (see table). The clay is quite dry, and mostly 

yellow. It is worked by picks and undermining. Carts haul it 

to the edge of the cliff, where it is sent down shoots to the tem- 

pering pits. The drying is done on pallets at Rose’s yard. 

Arlington, Dutchess co. Flagler & Allen. The clay deposit, 

which is yellow, is situated half a mile east of Poughkeepsie and 

has an extent of about 40 acres of clay, it averages from 6 to 8 feet 

in depth. This is easily worked, there being only a stripping of 

6 inches of sod. Underneath the yellow is considerable blue clay. 

The yellow is of course the weathered portion. The clay is tem- 

pered in soak pits and about 20,000 brick are made daily. The 

_ machinery is run by horse power. MRepressed brick are also made. 

The clay burns a cherry red. 
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H. R. Rose’s brick yard is also situated in this town and about 

3 miles east of the Hudson river. The clay deposit, which has — 

an extent of 60 acres, is yellow in color and 8 feet thick. A blue 

clay is said to underlie the yellow. The bricks are molded in soft 

mud machines operated by horse power. y 

Barrytown, Dutchess co. There are deposits of clay along the 

river at this locality but they are not being worked. The following 

is an analysis of them. 

“oD, Malgass SPRh haoah ba ee te Sa eee 59.81 

Peroxid of iron and alumina 3/22 22°22 Poe. 22.00 

_ Tt SM daeiabed uel bailar te spiel ny nants Genk Camebay Seen 4.35 

Niaenesia. fet Oe eee. ee 1Q299 

MLOMIFE ss ieee eee et eee ee : ot 

Combined water and organic matter...... apt 7.89 

Alkalis, nor determined . "2 onc Pst rn: 

96.71 

Catskill, Greene co. Alexander McLean’s yard is situated on 

| Water st., east of the wagon bridge. He has 12 acres of clay 

land. The clay is. mostly blue with yellow and red on top, and 

is about 90 feet thick. 

A partial analysis of the blue clay is as follows: 

Silied 2000S OC a EAE AL POPE eekied URI ES 50.60 

A lumitia Soe) DE SI i, Bee Oe 21.00 

Peroxid “of: iront'Y/i 4, C2 a ee T 86 

Pane 8 90 Pe RR ee Sis 

Mapnesia’s 203/12 000 a ae es ne ee .96 

The upper portion of the clay bank is a tough material and has 

to be worked with a pick. A gray black sand of the same struc 

ture and appearance as that at Coeymans underlies the clay. At 

this locality, however, it contains too much lime to use it for tem- 

pering. Mr McLean has to bring his tempering sand from Jones- 
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point at the cost of 40c a cubic yard. The manufacture of drain 

tile, hollow brick and sewer pipe has been attempted with this clay, 

but was given up, it is said, for financial reasons. Ferier & Golden’s 

_ yard is situated on the opposite side of the street from McLean’s, 

and their clay bank is practically a continuation of his. Their tem- 

pering sand is carted from near the West Shore railroad station, a 

distance of about three quarters of a mile. Drying is done in tun- 

nels. The bricks are burnt with wood, though it is said that 

petroleum was used for a while successfully. The bricks are run 

down to the dock on cars. Lying along the creek north of the 

bridge is the Derbyshire brick co.’s yard. Most of the drying is 

done under sheds. The clay is both blue and yellow and is dug 

in a rather steep face, often causing it to slide. The blue has been 

excavated to 38 feet from tide level, and its upper limit is 82 feet 

above tide; over this is 12 feet of yellow clay and 3 feet of loam. 

The tempering sand is obtained about half a mile from the works. 

As at the preceding yard, the bricks are loaded on cars at the kiln 

and run down to the dock. 

Hudson, Columbia co. There are three yards at this town. 

J. Fitzgerald’s Sons’ yard is situated in a reentrant curve of the 

shore, and about 300 yards east of it is the yard of Arkison Bros. 

The former is no longer in operation. Both these firms obtain. 

their clay from different faces of the same hill. The clay, which 

is fairly dry, is mined with plows and scrapers. It is blue and 

yellow, from 70 to 80 feet thick, overlain by 2 feet of loam, and 

underlain by grayish black sand. 

W. E. Bartlett’s brick yard is also situated along the shore, 

about one quarter of a mile north of Hudson. The clay is similar to 

that farther down at Fitzgerald’s. Scrubby pines cover the sur- 

face at this locality. The bank is worked in benches. Ring pits 

are used for tempering. 

Stuyvesant, Columbia co. Walsh Bros. have two yards situ- 

ated along the river midway between Stuyvesant and Coxsackie. 

All the clay thus far mined is yellow in color, very tough and un- 
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stratified. It is worked by picks and carted down to the yards. 

The bank which is 30 feet in hight is located on the hillside some 

500 feet east of the yard. It is probably underlain by the sand 

and gravel which crops out in the terrace escarpment behind the 

yard, and which is used for tempering. é 

Coxsackie, Greene co. There is only one yard here, that of 

F. W. Noble. It is situated at an elevation of 100 feet above the 

river, and about a quarter of a mile north of the village. The 

clay bank adjoins the yard and is 35 feet high. Both blue and 

yellow clay are used. Shale underliesit. The clay is quite dry and 

is broken up by undermining. Soak pits are used for tempering. 

There is an exposure of blue clay in the terrace escarpment south of 

Coxsackie. 

Athens, Greene co. Of the three yards at this locality, situ- 

ated about half a mile north of the village and adjoining each 

other, only two are running. The most southern one is that of 

William Ryder, situated 80 feet above tide level and about 500 

feet from the river. Mr Ryder owns 12 acres of clay land. The 

clay, which has not been excavated below the level of the yard, runs 

up to 125 feet above mean tide, and is both blue and yellow with 

about 6 feet of loam covering. A well was sunk 18 feet below 

the level of the yard, without reaching the bottom of the clay. 

‘The clay is mined by plows and scrapers. The upper 6 feet of loam 

is mixed with the clay. The bricks when taken from the kilns are 

sent on cars down to the shore, where they are loaded on barges 

for shipment to New York city. Adjoining this yard on the north 

is that of Mr. Porter, not worked. A few hundred feet north of 

this, on the south side of Murder creek, is the yard of I. R. Porter. 

Though the yard is situated near the shore, the water is not deep 

enough for the brick barges, and the bricks have to be carted some 

200 yards to the dock. The clay bank adjoins the yards and is 

mined by plows and scrapers. Horse power machines are used. 

Coeymans Landing, Albany co. There are two brick yards at 

this town; they lie north of the town along the river shore and 
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adjoin each other. The one nearest town belongs to Sutton & 

Suderly, and is worked by them and four other persons. Their 

clay is obtained from the bank west of the yard. It is both blue 

and yellow, chiefly the former, with streaks of fine sand. 

The following partial analysis has been made of Sutton & Sud- 

erly’s clay. : 

EE ere aia Sete en one we aes eee ss 51.10 

PETE OS ES OE Oana tele te E7765 

Peron or iron 22 ' POs PPI. Oe IOS. 6.47 

OT co Ge i Gy oot oe 1 A OAR ec T CAS 

Magnesia AE Ate PE PM Mapas ot ete OEE 87 

Being of a soft nature, the clay is dug with shovels at any con- 

venient point at the base of the bank, which is 120 feet in hight. 

A charge of dynamite is usually exploded in the bank in the spring, 

thus bringing down a large mass of clay to a level with the yard. 

The clay does not have to be hauled more than 150 feet to the 

machines. A drivepipe well sunk near the owners’ barn on top 

of the terrace (140 feet above mean tide) some 300 feet back from 

the river, showed 70 feet of clay and 60 feet ot sand. The sand 

underlying the clay is of a grayish black color, consisting chiefly of 

grains of quartz and shale, the latter predominating.* Grains of 

garnet and feldspar, and large pebbles of quartz are scattered 

through it. The sand after being screened is used for tempering. 

The upper limit of the underlying sand varies, at the north end of 

the property rising to within a few feet of the terrace level, while 

some 800 feet south of this the clay has been excavated to 15 feet 

above mean tide without striking sand. . 

Adjoining Sutton & Suderly on the north are the brick works of 

Corwin & Cullough, sublet by them to T. Finnegan and Delaney 

& Lavender. The clay, which is obtained just west of the yard, 

has been excavated to 7 feet above mean tide and bottom not yet 

1This underlying material is much faulted owing to the pressure of the 

clay above it. 
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reached. It contains several veins of fine sand. Both yellow and 

blue clay are present. At the south end of the yard the escarpment 

of the terrace is drift containing small boulders. The tempering 

sand is obtained from this bank. 

There are outcrops of clay on. the land of Mr Bronk, to the 

north of Corwin & Cullough’s yard; also on the Lawson property 

to east of the white iron bridge crossing Coeymans creek. This 

latter locality lies some 800 feet from the river, and would be 

somewhat more expensive to work. Again, on Main street, just 

south of the residence of Miss Wolf, there is an exposure of clay on 

the hillside some 400 feet from the river. 

Albany, Albany co. There are several yards situated on the 

outskirts of the city. The clay banks, which are all of the same 

nature, belong to the Hudson river estuary formation, being strati- 

fied and blue or gray in color with the upper portions weathered 

yellow or red. M. H. Bender’s' yard is on Delaware avenue, near 

Dove street. He manufactures common and pressed brick, and drain 

tile. The upper loamy clay can be used only for common brick; 

the lower blue and some of the yellow are used for the other 

products. Auger machines are used for better grade brick and 

tile, and the latter are made of several sizes. Scove-kilns are used for 

burning the brick and down-draft kilns for the tile. The latter 

kilns hold 60,000 small size tiles or 35,000 assorted size. It takes 

three wheelers and two setters two and a half days to fill the kiln, 

and burning occupies four days. The tiles after molding are first 

dried on shelves under a closed shed. 

Adjoining Bender’s yard are those of J. Babcock, E. Smith, J. 

C. Moore and D. H. Stanwix.t’ They make common brick chiefly, 

and their clay banks are the same as Bender’s. All are open yards. 

T. McCarthy’s' yard is situated on First avenue. The clay bank 

is about 15 feet thick and covers an area of about 10 acres. It is 

chiefly blue. The stripping is a light soil and sand underlies the 

clay. The bricks are manufactured by the soft mud process. 

1 Since this report was written the Bender, Stanwix and McCarthy yards 

are closed. 
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Alfred Hunter’s yard is situated on Van Woert street near 

Pearl. The clay is blue with yellow on top. About 40 feet of 

clay is at present exposed. There are only a few inches of soil to 

be stripped. The bottom has not yet been reached. Ring pits and 

soft mud machines are used and the bricks are dried in the sun. 

Burning is done in scove-kilns. Albany and vicinity consume most 

of the product. 

The brick yard of A. Poutre is on Van Woert street between 

Lark and Knox. The clay is blue in color and about 25 feet 

thick. It is overlain by a loose soil; the bottom has not yet been 

reached. Soft mud machines operated by steam power are used; 

the bricks are dried on open yards and burned in scove-kilns. 

Albany consumes most of the product. 

Rensselaer, Rensselaer co. Mrs. T. Rigney’s yard is at East 

Greenbush on the east side of the Boston and Albany railroad. 

The clay, which is blue and yellow, has a thickness of about 90 feet. 

Loam overlies the clay; the bottom has not yet been reached. The 

machinery is run by horse power. Rensselaer and New York city 

are the chief markets for the product. 

Troy, Rensselaer co. Alexander Ferguson’s brick yard is situ- 

ated on Hoosick above 1st street. The clay bank is about 40 feet 

high and runs in an east and west direction; it is deeply incised at 

either end by two streams. The clay, as is common to these Hudson 

estuary deposits, is stratified, yellow in the upper portion and blue 

clay in the lower. The blue contains some quicksand. A stronger 

and better colored brick is made from the tough upper clay, but 

it shrinks considerably in burning. On the other hand the blue 

clay makes a smoother but not as strong brick, but one of more cven 

shape. Underlying the clay is slate rock, which has been used for 

building purposes. 

J. B. Roberts’s bank is about 20 feet in thickness. The clay, 

which is mostly yellow, is covered with a foot of loam and under 

lain by gravel. Capacity, 2,000,000. 
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Cohoes, Albany con: Aa Murray. Yard situated between 

Crescent and Cohoes, on west side of Erie canal. The clay is chiefly 

blue, the upper few feet being yellow. It rises in a bank to 50 feet 

in hight. It is underlain by rock and there is a slight covering of 

loam. The bricks are molded by.steam power machines, and dried 

in the sun. The product is sold in Cohoes and vicinity. J. E. 

Murray also operates the brick yard formerly belonging to 

N. Gardonas. | 

J. Baeby. The clay bank is about 40 feet high, 400 feet long 

and about 250 feet from the yard. Mr Baeby has about 40 acres 

of clay land. The clay is yellow on top and blue beneath. It is 

covered by about 4 inches of soil and underlain by gravel. One 

yard is operated by horse, the other by steam power. 

Lansingburg, Rensselaer co. T. F'. Morrisey has a horse power 

yard situated along the old turnpike near the railroad. The clay 

bank is 75 feet high, there being about six acres of clay land. The 

upper third of the bank is red, the lower two thirds blue. About 30 

feet of sand underlies the clay. 

Crescent, Saratoga co. Newton Bros. have a bank of clay 30 

feet thick, the upper 6 feet being gray, the rest blue. There is 

a stripping of 2 to 4 feet of sand, which can be used for tempering. 

The blue and yellow clay, together with a certain portion of sand, 

are tempered in the pug mill. The bricks are molded on a Martin 

soft mud machine and dried on pallets for about five days. Burn- 

ing is done in scove-kilns; the product is loaded on the Erie canal 

boats at the yard. 

Mechanicville brick co., Saratoga co. The brick yard is situ- 

ated on the Champlain canal in the town of Half Moon, about a 

mile south of Mechanicville. The clay bank is 50 feet high. 

‘The upper 10 feet is yellow and under this is blue clay; the latter 

is underlain by sand. The bank adjoins the yard and is worked 

in benches; the clay is hauled in carts to the ring pits. Soft mud 

machines are used, the brick are dried on pallets and burned in 

clamps. 
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Saratoga, C. L. Williams. The yard is situated about one mile 

from the town, 600 feet from the Delaware and Hudson railroad. 

Mr Williams has about 50 acres of clay land, the clay running 

6 feet thick. It is blue, with the upper portion of it weathered 

to yellow. There is a stripping of about 1 foot of loam. The clay 

is put through a crusher first; it is then pugged and molded. The 

bricks are dried on pallets, the racks having a capacity of 260,000. 

Wood is used for burning, being obtained from a lot of 200 acres 

near the yard. The product is chiefly used locally. 

The other brick yard at Saratoga is owned by D. Davidson. It 

is situated at the outskirts of the town, just west of Judge Hilton’s 

yard. The clay bank, which is about 28 feet thick, is about 150 

feet from the yard; it is stratified, the layers being from 1 to 8 

inches thick and separated by thin laminae of sand. The clay is of 

a light brown color, being underlain by calciferous limestone and 

overlain by a foot of soil. Mr Davidson has 22 acres of clay land. 

Tempering is done in ring pits and the clay is molded in a soft mud 

machine. Drying is done in an open yard, and burning in scove- - 

kilns. The fuel used is hard wood. 

Other eastern yards 

- Hoosick Falls, Rensselaer co. John Dolan’s clay bank is about 

40 feet high and has an extent of six acres. It is used for making 

building brick. The product is consumed in the vicinity. 

Middle Granville, Washington co. J. H. Pepper is the only 

manufacturer at this locality. His clay bank is 45 feet high, and 

2000 feet long. The clay is blue, and scattered through it are 

some streaks of sand. A bed of gray sand 20 feet in thickness un- 

derlies the clay and is in turn underlain by slate. 

Plattsburg, Clinton co. There are several yards here. That 

of J. Ouimet lies at the north end of the town. It is an open yard 

and the bricks are made by horse power. The clay which is hard 

and tough is of a yellowish brown and red color and is mined with 
plows. 
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Charles Vaughn’s yard is similar to the preceding, and is at the 

south end of the town. The clay is 10 feet thick. 

Gilliland & Day’s yard is situated on Indian bay, 6 miles south 

of Plattsburg. The bricks are also molded by hand power. r 

All these yards sell most of their brick at Plattsburg. 

The following is an analysis of the clay at J. Ouimet’s brick 

yard. 

Ee iS Me meer tA arf lt 8h ht He 65.14 

Alaina: fre 7 A Gee, TE EO eee eg ae 13.88 

PerORt On mG ir a ee a ene ee ee , FG 

| Er 1s eR eel Re bu Se A MR RRM ES A ts ISL || 2.18 

Eseries’. Wit VIE. Wah erat terete Set a een ee 2.36 

PULA |e Se eer oeed tel Coane ee aie ena tA ee Bk 

Oswego, Jefferson and St Lawrence co. yards 

Gouverneur, St Lawrence co. The brick yard of G. R. Thomp- 

son is situated east of the village and on the eastern bank of the 

Oswegatchie river. The clay bank rises to a hight of 10 feet 

above the river and the section exposed is: 

Batik seis. core ane Ol LO Se Ra ewe . 4 feet 

CSA CMY os 500 aie Cea Ue ps 

FOURS sc poe cathe ow Sk te a ae Givi: 

18 (<9 

A Martin soft mud brick machine is used and the bricks are 

dried under sheds. The product finds a ready sale in the local 

market. 

A pallet yard has recently been started at this locality. 

Carthage, Jefferson co. Wrape & Peck. The brick yard and 

clay pit are situated in the Black river valley near the town of 
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Carthage. The clay deposit, which is several hundred acres in 

extent and about 5 feet thick, is of a gray color with streaks of 

brown. The bricks are molded in wet mud machines and put in 

steam driers. Local market consumes most of the product. 

Potsdam, St Lawrence co. D. W. Finnimore’s brick yard is 

situated a few rods outside of the’village limits. The clay is of a 

blue color and 6 to 8 feet deep. It is overlain by 1 to 2 feet of 

dark sandy soil and underlain by gravel. The yard is equipped 

with a Quaker soft mud machine, and a Kells & Son’s dry press 

machine. The product is used locally. 

Watertown, Jefferson co. At the north end of the town on 

Main street are the works of the Watertown pressed brick co. They 

have about 20 acres of clay, red in color, horizontally stratified and 

averaging about 20 feet in thickness. It is underlain by Trenton 

limestone. The tempering sand has to be carted nearly 3 miles. 

Analysis of the clay shows: | 

EROS OR TD uBio att, Siete cages Js elprabl a a ea e 6 6 64.39 

RM MRPMTIIN GS se arc We obscene Moke Sai aee ated BY ct as ease 14.40 

Bega DE POU ov, 1h eel cieee etek Suet wae camotye 9 mt 5 5.00 

an ols, 5 cap) oe LS ar ayia) Sea) Ramm SERN ad fo 3.60 

rere ee es os gti wh Op eM Diente hava pc hate Lod 

MN 5a wo 50. n0 ot lps ORES cya vane EA 4.66 

CP aeematid orrariic Matter, 3; ais oss a5 4 s.s)e00.0 5 oe 6.64 

| 100.00 

The clay is rather tough. It is loaded on cars which are drawn 

by cable some’75 feet, up into the machine shed, where it is dumped 

into a disintegrator. It next goes to the pug mill for tempering, 

and is molded in a Martin machine. Drying is done on pallets and 

burning in scove-kilns, the latter occupying about seven days. The 

consumption is chiefly local. 

Ogdensburg, St Lawrence co. Paige Bros.’ yard is on Cedar 

cor. Canton street, at the southwest end of town. The clay is of a 
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deep blue color, the upper 10 feet being somewhat sandy. It has 

been bored to a depth of 60 feet in places, but this depth is not con- — 

stant, and in spots the underlying limestone rises to within a few 

_ feet of the surface. The sand for tempering has to be brought 2 

miles. The following is an analysis of the clay. 

Sead eet wo oyeveia We et aan eo ee ee 49.20 

SPURT oo cages tov :'e sc wee a Oe ee 17.47 

Persad wt ion, 5; oe hls) Core eee 6.28 

TI, in SING a in oa AS Sean arcs ee OR Oe 7.86 

MAORI As ou 55s pee ooh ee 4.87 

SA ee nag 2 TEN se ia Sato ce eet Re 9.82 

95.45 

Only common brick are made. Soft mud machines are used. 

Drying is done in the sun and burning in scove-kilns. The bricks 

have been largely used in the asylum buildings at Ogdensburg. 

Madiid, St Lawrence co. Three miles north of the depot is 

the brick yard of Robert Watson. The clay is of a blue color and 

about 20 feet thick. The section is | 

Vollow sand ~..e.0 Seek Le eR an ee ee 3 feet 

Bla clay... << + in enuecthiees mews at yo nea nn Le Boe 20.1% 

The bottom has not yet been struck. Horse power is used for 

operating the machinery. The clay has to be tempered with sand. 

Drying is done on pallets or in the sun. Burning takes about one 

week. The consumption is local. 

Raymondville, St Lawrence co. William Coats’s works are at 

Raymondville, about 7 miles north of Norwood. The clay bank 

lies on the east side of the Racket river. It is about 25 feet 

in thickness and there is a covering of 12 feet of fine sand. The 

clay is rather tough and requires an admixture about one third sand 

for making brick. An abundance of unworked clay is still in sight. 
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Oentral New York yards 

St Johnsville, Montgomery co. J. 8. Smith is the only brick 
manufacturer in this town. The clay bank is 60 feet high, and the 

following is the section involved. 

LTO ene ee Rett, S520 Na Teac eA bi RC dic RP A 1 foot 

TERS OC A Eh OS LSS SA le i cia a fea reat 

Metie HCO BANG 74 Sees oe See se ee ee oe Bie 

eR EY os ow Sis wr eeneerteayt ish per ae Boe 1 foot 

ES SET? RSE RSTRET, 0' TUIRET gE 2 a ep 4 feet 

CE REISE SS BG a He Aan Se 1 foot 

Se 2) eee pees siete Hii ba apedani iy e 15. feet 

Motel PMIGMTICRS .. sca). cv dee ee kc os gc vimealdaen 92 feet 

Only common brick are manufactured. 

Fonda, Montgomery co. W. Davenport’s brick yard is about 

one mile west of the village on the north side of the New York 

central railroad. The clay bank lies to the north of the yard, is 12 

feet high, and yellow in color. The brick are molded in soft mud 

machines operated by horse power, dried on open yards and burnt 

in scove-kilns. The product is sold in Montgomery co. Drain 

tile are also manufactured. 

Dolgeville, Herkimer co. A. C. Kyser has a bed of clay about 

50 acres in extent, and 30 feet thick. He manufactures ordinary 

building brick, which are consumed by the local market. 

The clay is tempered in a pug mill with the addition of a certain 

amount of sand, and passes thence to a Quaker soft mud machine. 

Drying is done on an open yard, and the bricks are burned in a 

scove-kiln. The latter operation takes five to eight days. 

South Trenton, Oneida co. H. L. Garrett has manufactured 

brick at this locality for 45 years. His clay bed is several acres in 

extent and about 4 feet thick. The clay is blue below and yellow 

and red in the upper portion of the bed, on account of weathering. 

It is slightly stratified. Underlying the clay is slate. 
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Amsterdam, Montgomery co. H. C. Grimes’s brick yard is 

located on Florida avenue. The clay deposit underlies a tract of 

about 20 acres, and the section is as follows: 

BOM oo eis tno nies oo nee eee EEG, eo 1-3 feet 

Mellow clay. . 23" c 3c a Sia ter eens ear pcee ee Goan 

Blue ela is 2 tse ie le fe ot Sate ce ee ee 

Common bricks are manufactured. 

The clay is first passed through a Cotts disintegrator and is then 

molded on a soft mud machine. Drying is done on pallets. This 

yard has been in operation 16 years. | 

Gloversville, Fulton co. H. McDuffie’s brick yard is situated 

on the outskirts of the town. The clay, which is of a dark brown 

color, is in a bed 24 feet thick. It is underlain by hardpan and 

overlain by a thin soil. The bricks are made by the soft mud 

process, being molded in horse power machines. 

W. A. Stoutner. His clay bank is about 3 feet thick, under- 

lain by hardpan and overlain by a few inches of soil. The clay is 

reddish brown and burns to a red color. The brick are made on a 

Peekskill hand power machine. The brickmaking season at Glov- 

ersville runs from about the middle of May to the end of Septem- 

ber. The Eureka pressed brick co. also operates here. 

Ilion, Herkimer co. S. E. Coe. Brick yard situated along 

the Erie canal, with the West Shore railroad crossing the. property. 

Mr Coe has about 10 acres of clay land, the clay running in depth 

from 8 to 15 feet. It is of three different colors, black, gray and 

blue. The latter makes the stronger brick. No stripping to be done 

except a few feet of black soil. 

Rome, Oneida co. W. Armstrong’s yard is located on the edge 

of the town and along the Rome and Clinton branch of the New 

York, Ontario and Western railroad. The clay deposit is about 

25 acres in extent; the clay is of a dark gray color and 7 'to 10 

feet deep. The bricks are molded in soft mud machines. 
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W. W. Parry. Yard located near the town; the clay is obtained 

from the flats bordering the Mohawk river; the bed of it is from 

6 to 9 feet deep. It is underlain by gravel, which rises to near the 

surface in many places. A light loam covers the clay. For making 

_ brick, the clay is mixed from top to bottom. Both soft and stiff 

mud machines are used and burning is done in scove kilns. 

Deerfield, Oneida co. G. F. Weaver’s Sons’ yard is situated on 

the Mohawk river about a quarter of a mile from the New York 

Central railroad depot. Their clay deposit is about 40 acres in ex- 

tent, and has been worked to a depth of 10 feet. 

South Bay. C. Stephens has brick and tile works at this town. 

The clay deposit is from 20 to 25 feet deep and underlies a tract 

of 800 acres bordering on Oneida lake. Underlying the clay is a 

fine and closely cemented blue gravel. The Elmira, Cortland and 

Northern railroad passes through the property. Chiefly drain tile 

are manufactured. These works were established in the spring of 

1891. 

Canastota, Madison co. M. Ballou has a brick yard at this 

locality. 

Syracuse, Onondaga co. At the northeast end of the town is 

an extensive deposit of clay, underlying the low lands at the end 

of Onondaga lake. It is worked by several brick manufacturers. 

The yards are mostly on N. 7th street. The first is that of 

T. Nolan, a horse power yard; adjoining him is the yard of Preston 

Bros., also a horse power yard. Next comes F. H. Kennedy, at 

whose yard the bricks are molded by hand. C. H. Merrick has a 

steam power yard on S. Salina, and farther out on the Cicero plank- 

road are the brick works of J. Brophy. 

The clay is stratified, red above and blue below. In the center 

of the flat land it runs 7 to 10 feet deep, while at the edges it 

thins out to 2 feet. It is underlain by sand and gravel. 

The New York paving brick co. (See under Paving brick.) 

Warner, Onondaga co. The Onondaga vitrified pressed brick co. 

This yard uses both shale and clay. The works are situated about 

half a mile east of Warner along the West Shore track. 



716 NEW YORK STATE MU SEUM 

Analyses of the shale have been made and are given below. 

Blue shale 

57.19 

16.15 

5.20 

2.73 

4.67 

3.42 

4.11 

1.22 

4.50 

Trace 

Clay 

45.385 
12.19 
4.41 

10.99 
6.38 
7.94 
3.26 
1.14 

8.90 

eee 

A green 

composrron —Cflleareous he a'mix- ea shale 
shale bank  *ureof th 

shales 

Sica oe ae 25.40 54.95 52.30 
Abaaiad a is) aap eae 9,46 16289) 43785 

Peroxid of iron.. 2.24 5.81 6.55 

eee ee 29.81 4.84 3.36 
Maonesia.. . ii... 10.39 De 4.49 

Carbonic acid. .. 20.96 4.30 3.04 

Gt tty ty osha cles 95 2.95 4.65 

Sadatecthe ska ee ae Be ost 86 
Water and organic 

MAApEEE 7 iv dems 7.60 5.01 5.30 

Oxid of mangan- 

Beal a a a ig Trace 

Tota a Ss, Oo ee 99.00 SS Wc 5) 
cs 
eee eee es 

Analyst, Dr H. Froehling, Richmond, Va. 

The samples were all dried at 212° F. 

It may be of interest in this connection to give the composition 

of some other clays found at Warner, which are used in the manu- 

facture of cement. The following are only partial analyses. 

Silica. «fl 45.12) 448 9S ae neO 

Oxidofironand 

! alumina.... 13.79 14.<@2yea spe 

btmesnaitcat. . wd BOL tS ree Cie es 

Mlagnesia.§: su. 0) 76 215,./ 7.08 Ap Beet 

41.78 41.70 44.00 

16.09 18.24 17.33 

12.40 12.71 eas 

5.83 |, G02) Save 
See" 
Oe ie 

The last analyses would indicate a rather fusible clay. The 

clay used by the Onondaga co. is dug in a field adjoining the works. 

It has a pinkish color, stratified and runs about 15 feet in depth. 
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The shale used belongs to the Salina formation and is obtained from 

the hillside about 1000 feet from the yard. It is of various shades 

of red, green, and some gray, and disintegrates very rapidly. The 

whole mass is traversed by numerous seams, so that a small blast 

brings down a large portion of the bank in small fragments. Tracks 

are laid from the brick yard up to the working face, the base of 

which is 35 feet higher than the yard. The loaded cars run down 

to the dry pans by gravity and are hauled back when emptied by a 

horse. Carts are used to haul the clay. Dry pans grind the shale — 

about one quarter clay and three quarters shale are mixed in a wet 

pan. A man shovels the mixture on an endless belt which carries 

it to the molding machine. The yard is fitted with both a plunger 

and auger stiff mud machine, the former being side-cut, the latter 

end-cut. The green bricks are placed on cars and run into the 

drying tunnels. These are of brick, heated by coal fires, the heat 

passing through flues under the tunnel. Round kilns are used for 

the burning, which takes about five days. The kilns have a capacity 

of about 60,000. Soft coal is used for burning. 

The company manufactures paving brick, hollow brick and terra 

cotta lumber for fireproofing. 

Baldwinsville, Onondaga co. Seneca river brick co. The 

works are four miles west of Baldwinsville on the south bank of 

the Seneca river. Their clay bed is 6 acres in extent. It is blue 

clay weathered to red in the upper portion and the blue is stratified. 

Gravel underlies the clay. The red clay is chiefly used, as it burns 

to a better colored brick than the blue. The dry press process is 

used and the bricks are burnt in kilns of the Flood type. These 

are of both up and down-draft. They are 18 by 54 feet and have 

20 inch walls, which are lined with fire brick from the doors up. 

There are four fireplaces on each of the long sides and between 

these is a series of smaller ones connected with a set of flues open- 

ing into the lower part of the kiln to give an updraft. Wood 

fires are started in these smaller fireplaces for water-smoking. The 

larger openings, connecting with individual pockets on the inner 
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wall of the kiln, lead the fire into the upper portions first, whence 

it passes downward through the kiln and off through a large flue 

at the bottom. Water-smoking takes 10 days and burning 8 days, 

the whole time for burning, water-smoking and cooling taking 

about three weeks. The molded bricks are set directly in the kiln 

on coming from the machine. ‘ 

Oswego Falls. W. D. Edgarton. The brick yard is situated 

on the Syracuse and Oswego railroad, 11 miles from Oswego. The 

clay varies from 3 to 5 feet in thickness and is yellow. It is under- 

lain by gravel. A few inches of soil has to be stripped. The 

lower portions of the clay make the better brick. Soft mud ma- 

chines are used and both common and repressed brick are made. 

Weedsport, Cayuga co. There is a brick yard at this locality 

belonging to Mrs OC. S. Gilette, but it is not in operation. | 

Auburn, Cayuga co. John Harvey’s brick yard is situated on 

the outskirts of the town. 

Owasco, Cayuga co. <A. Lester has a brick and tile yard near 

the village. It is described under the head of drain tile. 

Seneca Falls, Seneca co. There is only one brick yard at this 

locality, that of F. Siegfried. His clay bed is about 12 feet thick, 

the upper 7 feet being used for brick and the lower 5 feet for 

tile. Gravel underlies the clay and there is a covering of a few 

inches of soil. The machinery is run by horse power and the 

product is sold locally. 

Geneva, Cayuga co. Five firms manufacture brick in this lo- 

eality. They are W. G. Dove, C. Bennett, Goodwin & Delamater, 

Mrs Baldwin, and the Torrey park land co. The last-mentioned 

company began operations in the spring of 1892; its brick yard is 

some distance from the town. 

Lyons, Wayne co. The clay bed of F. Bake is about 8 feet 

deep. The upper portion of the deposit is yellow, the rest is blue. 

Quicksand underlies the latter. Soft mud machines are used to 

mold the brick. 
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Western New York yards 

Canandaigua, Ontario co. The New York hydraulic brick co.’s 

works are about three quarters of a mile southwest of the station; 

their property adjoins the New York Central railroad track. The 

clay deposit, which covers several acres, is basin-shaped and has a 

known depth of at least 20 feet. It is of a blue color, weathered to 

red above, and on top of it is about a foot of peat. The clay after 

being dug in the fall is stored under a shed till spring, when it is 

molded by a hydraulic dry press machine. ‘The brick are set di- 

rectly in the kilns, which are of the Graves type. The blue clay 

burns buff and the other clay a red, so that by mixing the two a 

speckled brick is obtained. This firm has not been in operation 

very long. 

The upper clay is quite siliceous, as the following analysis shows, 

and is similar in composition to the red terra cotta clay at Glens 

Falls. The composition is as follows: 

PMR Tie ra Dare eee. mG ee ae lsc a 62 .23 

PR PRLTIRISPR cnt to ce ee Oe ed sw week's 16.01 

Pion of irow:: 25). eee. Leek 6.96 

cB ir: Oem oa | 2 on 6 Terk A tae 1:94 

rag aedig (5) it: t 2 Ge es Sea o 5 a0 2.21 

Primes Mer. Se. ot. ee a ee (state. 2 GS 

Wart (est). . ...... nue ee 5.30 

99.08 

A physical test of this clay showed that it required 22% of water 
to work it up. The air shrinkage was 8%, and at incipient fusion it 
was 15%, this point being at cone .05. The clay vitrified at cone .03, 
with a total shrinkage of 16%, while viscosity began at cone 1. The 
clay contains .15% of soluble salts. The mechanical analysis gave: 

Paey substance and silirata uedde lsc old St, . 19-55 

EAT! Ss)... n'a an a RRR aoe area we wie 20.68 
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The buff burning or lower clay is distinctly marly in its char- 

acter. As might be expected, it takes only 18.50% water to work 

it up, but still is quite plastic. The air shrinkage is 6%, and at 

cone .08, 5%. The clay vitrifies at cone 1 with 14% shrinkage, and 

becomes viscous nearly at cone 2. It burns buff, but with viscosity 

this passes into greenish yellow. The tensile strength ranges from 

95 to 110 pounds a square inch. The clay contains .7% soluble 

salts. 

Rochester, Monroe co. ‘The Rochester brick and tile manufac- 

turing co. is on Monroe street, at the eastern end of the city. Ad-. 

joining this is the German brick and tile co. The clay is reddish 

in color, 4 to 5 feet thick and underlain by hardpan. Lime pebbles 

occur in the lower portions. Molding sand is obtained from a neigh- 

boring eskar. | 

The following is an analysis of this clay. 

Silica, oo co. ss UPR eae. 5, «ca aha, Se 50 535 

Adnmamia: 0°.) . eee eee, we packer 15.46 

Perexid of tron oe oko. sc 4.38 

Lame . 8s. oss elles bs ata d 0S 10.95 

Magnesia... 0. 4 s0)5tye)4 sles eit ae 3.35 

Alkalig 0.00. 0 te, 6.30 

90.99 

The whole flat area to the west and northwest of the yards was 

formerly underlain by clay, but so much of it has been dug over 

that the pit is now nearly a quarter of a mile from the works. The 

section in the present clay pit involves: | 

hv) 1 CPM Baer PST 18 inches 

Nandy clay... «blake a a) oui 2 feet 

PAb CIBY oe ois iw assis wink > 8) 4 feet 

bain, cher: i i rrr ee 
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The clay (Pl. 22) is dug by means of a plow and loaded on cars, 

which are drawn to the yard by horses, where it is discharged 

either into the rolls for the soft mud machine or is carried 

to a conveyer that discharges it into a series of rolls and pug mills 

(Pl. 27), which temper it for the stiff mud machine. The latter is 

used only for drain tile and hollow bricks. 

All the drying is done on pallet racks, some of which are pro- 

vided with a movable roof to allow the sunlight to enter (Pl. 37). 

The kilns are mostly of the Wingard type, but there are also four 

round down-draft kilns for burning the hollow ware, and a con- 

tinuous kiln (Pl. 47) which is used for burning common brick. 

The product finds a ready market in Rochester. 

The lower clay alone is used for making tile, while a mixture ot 

the top and bottom clays works best in making the bricks. 

The lower or tile clay, as it is called, is very plastic, but requires 

only 20% of water to temper it. The air shrinkage is 94%, and 

the tensile strength of the air-dried briquettes ranges from 100 to 

130 pounds a square inch with an average of 120 pounds. 

Incipient fusion occurs at cone .05, vitrification at .01, and vis- 

cosity at cone 2-3. At incipient fusion the total shrinkage was 12% 

and the color red; at vitrification, 16%. The soluble salts were .5%. 

The brick mixture is more sandy, but is also very plastic, and yet 

not so tenacious. It takes 18% of water to work it up, and the 

bricklets have an air shrinkage of 74%. The tensile strength ranges 

from 110 to 120 pounds a square inch. Incipient fusion occurs at 

cone .05 with a shrinkage of 10%. The clay vitrifies at cone .01 

with a total shrinkage of 16%, and a deep red color. It becomes 

viscous at cone 2-3. 

A mechanical analysis of the clay gave: 

Belen ath sss)! Sern ae ey Ish. 72.90 

ee I ne PAL cere ee ae ae 27.85 

100.75 

The soluble salts were .35%. 
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Maplewood, Monroe co. Robert Gay’s yard lies along the New 

York Central railroad. His clay is very similar to that just de 

scribed, but somewhat lighter colored. It is underlain by quick- 

sand. This clay is used at Rochester to mix with Jersey fire clay 

in the manufacture of sewer pipe. 

Clarkson, Monroe co. M. Parker’s brick plant is on the north- 

ern side of the ridge road, at Clarkson, one mile north of Brock- 

port. The clay is a shallow, loamy deposit, and is owned by 

J. Sigler. The yard is an open one and both brick and drain tile 

are made. ‘The molding sand is obtained from near the a at 

Brockport. Product consumed locally. 

Albion, Orleans co. There is a small yard about a mile i 

of the town but nothing is known concerning it. 

_ Lockport. The Lockport brick co.’s yard is at the northeast 

end of the town. The upper portion of the clay is being used. It 

is red in color, due to weathering. The clay is molded as taken 

from the bank, the bricks are dried on pallets and burnt in scove- 

kilns. Product used locally. 

La Salle, Niagara co. Tompkins & Smith run a small yard at \ 

this locality. Clay is very similar to that at Tonawanda. It is 

underlain by hardpan. Rolls are used to crush the lime pebbles in 

the clay before molding it. The product is marketed in the vicinity. 

Tonawanda, Niagara co. ‘To the southeast of the town is the 

brick plant of Martin Riesterer. The clay is of a red color passing 

downward into blue and has a thickness of about 5 feet. Only 

common brick are manufactured; the consumption is chiefly local. 

The burning is done with coal. 

Lancaster, Erie co. There are two yards here, the Buffalo star 

brick co., near the Erie depot, and the Lancaster brick co., about 

2 miles farther out. In the former’s bank the clay is of a blue 

color below and weathered to red on top. Limestone pebbles are 

common in the clay, and for the purpose of separating them, the 

clay is stored in sheds to dry during the winter and passed through | 

a barrel sieve before being used the following spring and’ summer. 
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Plows are used to mine the clay; coke and coal are used to burn the 

brick in stationary kilns with one fire to each arch. 

The bank of the Lancaster brick co. is similar to the one just 

mentioned, showing: 

8 feet red clay 

4 foot blue clay 

4 feet gray clay 

Rock 

Limestone pebbles are also present and the clay after drying is 

screened. The bricks are burned in stationary kilns, coke being 

used for the water-smoking and coal for the subsequent firing. 

Buffalo, Erie co. At East Buffalo is an extensive series of 

flats underlain by red clay which varies in depth from 6 to 20 feet. 

The following firms situated chiefly on Clinton street use the 

clay for making brick: Charles Berrick & Sons, Brush Bros., 

H. Dietschler & Son, F. Haake, L. Kirkover, Schusler & Co., 

G. W. Schmidt. Their combined production in 1892 was 65,- 

000,000 brick. The clay is said to rest on the underlying rock. 

The following is an analysis of it. 

SACI su ccna diiniie &: 02 =: 6 EN eee cee a 57.36 

DC 11011 CMR CARIN ai irae age = Peon dda | Mablhagis ae 16.20 

PCrOEnt Gf WOM .(. 0.4. eee ee ee eee 4.55 

NaS Fo oi wc aoe os we SE eed ee a 5.34 

aetna... ec. 2 eee tee eee Sse. 3.90 

0 RS eI 8s UA Ca AM Re ae 6.98 

94.33 

Pebbles of limestone are scattered through it in places, and at a 

few spots several feet of yellow sand, suitable for molding or tem- 

pering, covers the clay. Below the limit of weathering the clay is 

_ blue, which does not give as nice a colored brick as the red. The 

addition of tempering sand is not considered necessary. Soak pits 
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and soft mud machines are used. All the yards dry their brick on 

pallets and burn them in stationary kilns, using coal fuel. One fire 

is made to burn one, two or three arches, according to the construc- 

tion of the kiln. The burning takes nine days. Buffalo and its 

vicinity consume a large portion of the product. , 

Jewettville, Erie co. Brush & Schmidt started a brick yard at 

this locality in 1892. It is situated along the Buffalo, Rochester 

and Pennsylvania railroad, about a quarter of a mile northwest of 

the station (pl. 56). The material used is Hamilton shale. It is © 

of a grayish color and is easily worked. An opening has been 

made next to the yard and at the same level. A black, gritty shale 

crops out farther up on the hill, but this has not yet been used. 

The shale is loaded on cars and run into the machine shed, where 

it is crushed in a dry pan and then molded. The yard is equipped 

with a Boyd dry press, and stiff mud machine. The dry press 

bricks are dried in tunnels, and the others on brick floors. Special 

shapes are molded in a hand power press. The burning is done 

in up-draft kilns. | 

Springbrook, Erie co. There are extensive deposits of clay 

and shale at Springbrook, on the land of E. B. Northrup, but they 

are not worked. 

Evans, Erie co. William Bolton has a horse power yard here. 

The clay is a local deposit, chiefly blue in color, and the lower por- 

tions are stratified. It is underlain by sand and hardpan. The 

yard is run in accordance with the local demand for brick. 

Southern and ee New York yards 

Dunkirk, Chautauqua co. William Hilton’s yard is situated in 

the valley, about a mile west of the town. The clay deposit is 

about 20 feet thick, and is underlain by rock. The upper 6 feet 

is yellow and below this is blue. Stones are found scattered 

through the clay and have to be separated. The yellow clay gives 

a better colored brick, while the blue clay shrinks more, but is said 

to give a harder product. The blue clay obtained from the main clay 

bank has to be tempered with sand; it has, however, not been much 
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used up to the present time. Rolls are used to crush the stones 

and the clay is tempered in a pug mill. Mr Hilton uses a soft mud 

machine of his own manufacture. The brick are dried on pallets — 

the burning, which takes eight to 11 days, is done in scove-kilns. 

Coke is used for water-smoking and coal for subsequent firing. 

Most of the brick are used in the vicinity. 

Jamestown, Chautauqua co. Two yards are in operation 4 

miles east of this town, those of C. A. Morley and M. J. Mecusker 

& Son. The two yards adjoin each other, and the deposit of clay 

worked by them is of considerable size. In addition to brick, 

Mecusker & Son make drain tile and hollow brick. The clay de- 

posit is basin-shaped. A boring near the water works showed: 

2a CC ee dp air dt heatab ke Asay 4 feet 

Peele eet al walt deeds igs arele azale 6 inches 

aCe oped ond! s .guicvetseniqadd abot os 5 feet 

Binboclay, ach dered ew sae - sil). atiPanh* te WO 7. 

- ‘Hard PAM. kit al. ere Red HI a OK ——— 

The Jamestown shale paving brick works are mentioned under 

“Paving brick” and “ Shales ”’. 

Randolph, Cattaraugus co. J. Turner owns a brick clay deposit 

at this town, but has ceased working it. 

Hornellsville, Steuben co. The Hornellsville brick and tile co. 

has its works at the north end of the town, which have been run- 

ning one season. It uses a Chemung shale for making brick, and 

has turned its attention thus far to paving brick. The shale is 

mined about a mile from the works. It contains several thin layers 

of sandstone which can not be used. The process as followed here 

consists of grinding the shale in a dry pan, molding in a stiff mud, 

side-cut machine and then repressing. Drying takes about 24 

hours, and is done in chambers heated by a hot blast. Burning is 

done in down-draft cupola kilns and takes seven to 10 days. The 

paving brick are in extensive use in Elmira. 
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An analysis of this clay made by OC. Richardson in the office of © 

the engineering commissioners, at Washington, showed: 

aGaly HRD. PAG. OS eee el eY Baas 64.45 

Aon Sil. OL SAPS, INS BUS Ba Eee LT 

Peroxia or Grom’). ./So0 908 OO TARA AT Ay ee iG. 

Lame (50 0 at o's 0 Se at. CS EE OE Se Be 

Napiieda. <3 ablaze Re PCR Jos 1.85 

Potashy rhs Oe SS a 2, Oo ee 2.52 

Oda Eee SR. LDS BOY SE Be eee 1.95 

Insel Mimi nerd 4. ea 7S A eee ae 

W. H. Signor owns the other yard at Hornellsville. His clay 

bank is owned by M. Adsit. It is a shallow deposit, not over 7 feet 

thick and underlain by quicksand, the latter allowing the inflow 

- of water from the neighboring stream. The bricks are molded by 

an auger machine, dried in the sun and burnt in scove-kilns, the 

burning occupying about seven days. 

Alfred, Steuben co. Alfred clay co. This is another yard 

using a shale, which is in the same geologic horizon as that at 

Hornellsville. The works are on the Erie railroad a few hundred 

yards south of the station. They have but recently commenced 

operations. A semi-dry clay brick is made. To dampen the ground 

clay, it is discharged from the hopper into a long box of square cross- 

section in which a worm screw revolves. The axis of the screw is 

hollow and has nipples projecting into the tube three fourths of an 

inch, so that, if any of the steam which is injected to dampen the 

clay condenses, it will not escape into the clay. The shale used is 

mined near the yard and hauled in carts to the dry pan. Burning 

is done in a continuous kiln. 

Bigflats, Chemung co. “Near the village is an extensive bed of 

clay owned by J. R. Lowe. It underlies an area of about 50 acres. 

Excavations have been carried to a depth of 15 feet without reach- 

ing the bottom of the deposit. The clay is of a bluish gray color. 





"09 
YOLId 

SpBeyesIoZ{ 
JO 

MOTA 
[e10MIEH 

‘ojoyd 
seIy 

“H 
1Z

L 
98

vV
d 

9d
VB
J 

OF
, 

| 
Lg
 

2e
I1
d 



| 

CLAYS OF NEW YORK TOF 

Mr Lowe manufactures drain tile only, most of which are for private 

use. | 

Horseheads, Chemung co. The Horseheads brick co. has a clay 

deposit several acres in extent, having an average thickness of about 

20 feet. There is a covering of about 10 inches of soil, and under- 

lying the clay are sand and gravel. At present the material used is 

chiefly shale. (See also under “ Shale,” p. 839.) 

The shale bank is on the north side of the valley and the shale is 

brought over to the works in cars. The softer portions are crushed 

in a dry pan, but hard pieces are crushed in a Blake crusher. The 

yard, which turns out common brick, has a capacity of 40,000 a day. 

The soft mud process and tunnel driers are used, and burning is 

done in a Haigh continuous kiln. 

Elmira. P. J. Weyer is manufacturing common brick from 

the same kind of shale as is used at Horseheads, but the quarry is 

at a higher elevation. The bricks are burned in a Wilford contin- 

uous kiln. ) 

Breesport, Chemung co.’ About a mile and a half south of the 

town are the yards of the Empire state brick co., Locy Bros., and 

P. M. C. Townsend. The bank from which they obtain their clay 

lies along the eastern side of the valley. It is about half a mile long 

and has a hight of 50 feet. It is chiefly of a bluish color and is 

stratified in places. | 

We give herewith the analysis of the clay: 

0 SE RARE IG RR ee sh Pe a 52.48 

EET AN RAR SRS ca al Reh 21, a a a 16.78 

Peroxid of iron ..... Eo Ae he 6.79 

yO ETS Porat oh: 2M 0 Sr Se Oe a 6.63 

Ss 1.) 2 Aas wee re tee xn pl x aoe bs ss © 3.59 

| NE hg Cea fi ap 2) a Leis 

93.43 

-1§ince this was written for the original report in 1895, the yards have 

been dismantled. 
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At Locy’s yard, where borings show the clay to be 30 feet thick, 

a red clay also occurs. Yellow sand overlies the clay at several 

points, which can be used for molding. The yards of Locy Bros. 

and Townsend are open ones. At the Empire state co.’s yard tunnel 

driers are used, the clay being mixed in a wet pan and then dis- 

charged through an opening in the floor of the latter on an endless 

belt which carries it up to the molds machine. The brick are 

burnt in scove-kilns. 

Spencer, Tioga co. W. H. Bostwick’s yard is about a mile south 

of the village. The clay which is dug in a field adjoiming the 

works, is a tough reddish material 4 to 6 feet thick. It is under- 

lain by sand and gravel. The bricks are dried on ba and 

burned in stationary up-draft kilns. 

Newfield, Tompkins co. F. ©. Campbell’s brick “yard is about © 

one mile north of the station along the Lehigh valley railroad. | 

Adjoining the yard is the clay bank which rises to a hight of about 

50 feet. The clay is of a bluish color, and forms an enormous, 

stratified, lenticular mass, which is imbedded im the terminal 

moraine crossing the valley at that point. The upper portions 

contain more sand. 

An analysis of this clay showed: . 

Bilteas daiuld .@26, Shetdo chee eee eres ee 51.30 

JA Vn ia 2 ays pn ee os rere 

Peroxid of iron . ils hd haa ee 2 ee 3.32 

Lime... 6 ws ee 11.63 

Magnesia... 6 )ss-o6 os 5 al oe 4.78 

Blk alas: pe 5. ciel gan eee TNE cy, “ea 4.33 

Organic: matter... .. 2.2 0254) ee 1,50 

89.02 

Notwithstanding the high percentage of lime, which gives the 

brick its cream color, a very strong brick is produced. Covering 

the clay is several feet of yellowish stratified sand. Lime pebbles 
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occur in the clay, and a special apparatus is used to extract them. 

The clay and a certain percentage of shale are ground in a dry pan, 

then carried up to an inclined screen. ‘Those particles which 

pass through are mixed by means of wheels and scrapers at- 

tached to a revolving arm. The bricks are molded on stiff mud 

machines and repressed on a hand-power machine. Chamber driers 

are used and burning done in down-draft kilns, scove-kilns or a 

continuous kiln. The clay burns to a buff brick; farther burning 

at a higher heat gives a hard, greenish yellow brick, which is 

smaller, but sold for paving purposes. The pavers made at this 

yard are a mixture of clay and shale, while the building brick are 

elay alone. The following is a report of tests made on these brick 

in the laboratory at Cornell university. All the bricks were tested 

on edge, as used for the purpose of paving. ‘The sides were dressed 

_ to parallel planes on an emery wheel, so as to get a uniform bearing 

over every part. Single layers of thick paper were placed between 

the brick and the machine. 
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This clay is one of the few very calcareous ones that are used in 

New York state. It is very plastic and gritty, and dries to a hard 

dense mass. When worked up from the air-dried condition it takes 

22% of water. The bricklets shrink 5% in air drying — the air-dried 

briquettes show a tensile strength of from 105 to 175 pounds the 

square inch, with an average of 118 pounds, which is very fair. 

Incipient fusion occurs at cone .05, with a shrinkage of 8%; 

vitrification at once .02, with 10% shrinkage, while viscosity began 

at cone .01. The clay burns buff, which turns to greenish yellow 

on vitrifying. Soluble salts, .5%. 

Homer, Cortland co. The brick yard at this locality belongs 

to Horace Hall of Cortland. His clay bed underlies the flat lands 

near the village of Homer; and is from 3 to 5 feet thick. Quick- 

sand underlies the clay; overlying it is a dark soil 2 to 6 inches 

thick. The clay is of a bluish color. 

Binghamton, Broome co. There are two yards in this town, 

viz, Wells & Brigham’s and the Ogden brick co.’s. Their clay beds 

are similar, both being shallow deposits 6 to 8 feet thick, underlain 

by sand and gravel. The former of the two is a pallet yard, the 

other uses a tunnel drier. . Their product is consumed locally. 

Brookfield, Madison co. The Brookfield brick co. is the only 

firm manufacturing brick at this locality. 

Oneonta, Otsego co. Two firms are manufacturing brick at 

this locality, J. Denton & Son, and Crandall & Marble. The 

works of the latter firm are situated on the Albany and Susque- 

hanna railroad near the village of Oneonta. Two kinds of clay 

are used; one of them from a bank, 5 to 20 feet in thickness, the 

other from a surface deposit 3 to 5 feet in depth. The latter bed 

is underlain by sand. The product is consumed by the local 

market. 

Goshen, Orange co. P. Hayne has a clay deposit 55 feet deep, 

underlain by black gravel. "There is a slight stripping of sod. Both 

drain tile and brick are made from the clay. 
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Florida, Orange co. W. H. Vernon’s brick yard and clay de- 

posit are situated in the valley near the town. The clay bed is 10 

feet thick, blue in color and tough. The upper 3 feet is weathered to 

a ted clay, which makes a better brick. The blue is of sufficient 

purity for making pottery. Underneath the clay is sand and hard- 

pan. : 

Oakland valley, Sullivan co. A small deposit of clay at this 

locality was used for some time for making earthenware. 

About one eighth sand had to be added to the elay for brick or 

tile ware. The sand, which is of a bright yellow color, is in banks 

along the Navesink river, near the clay beds. ‘This clay is also 

said to be available for paint. Oakland valley is about 12 miles 

from Port Jervis. 

New Paltz, Ulster co. New Paltz brick co. The brick yard is 

located on the outskirts of the town and near the Wallkill Valley 

railroad, with which it is connected by a switch. The clay deposit 

is yellow, red and blue in color, and varies in depth from 15 to 

50 feet. It underlies a tract of 6 acres. The natural separation 

of the clay in 4 to 8 inch layers facilitates the digging of it. There 

is a thin stratum of overlying sand which has to be first stripped. 

Soft mud machines operated by horse power are used for molding. 

Warwick, Orange co. Though there are no brick -yards in this 

vicinity, extensive deposits of clay are undoubtedly present. A 

sample of clay from the Drowned lands, lying along the Wallkill 

river in Orange co., was analyzed in the laboratory of the New 

Jersey geological survey with the following results: 

Silieie acid.in comi hinge ck. el oe ee 28.9. 

MBYEZ ote ao Sie eek ee eee ee 922.9 

Silici¢c Acid Tree v4! x: Gl) ea pe eee ee , Leg 

Tiemiceaeidn: ss sicixc bcsaheheh: Gene Het Mg. 1,5 

Osid of: abumina 7b oa: a ee ee ZouL 

Peroxid Of iron’ ::. |... as. ok ox ie eee 7.2 

LAM. 5 ne a cad Sie ek es i ee Eas Mi 
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ROE se. Se tae he ek SS 2.6 

rennet 8 EVOL ATE OE Oe PE ee es ASA 

Degree 2° TETRA Os SONA YE Ue Le 9.7 

100.9 

The clay is said to exist in large quantity, forming a thick layer 

at this point in the alluvial district of the Drowned lands, and un- 

derlying much of the black muck surface of this district. The 

specimen sent was thoroughly air-dried, was slate gray in color, 

and showed a little fine gritty sand. It contains too much oxid of 

- iron and potash for a refractory or fine material. Washing out 

the fine sand might enable it to be used in some styles of paper 

facing. It is most interesting as the basis of a valuable, enduring 

and fertile soil, and if properly drained it would be unsurpassed for 

tillage or pasturage; as such, it furnishes another argument, for the 

drainage of this tract of Drowned lands. 

Long Island and Staten Island yards 

East Williston, Queens co. W. & J. Post have two yards at 

this locality. Their clay pit is in a field some 500 feet west of the 

yard on the land of H. M. Willis. The clay has been excavated to 

a depth of about 15 feet. It is chiefly a bluish clay and can be 

easily dug. The clay is extremely silicious, as the following analysis 

shows, but the percentage of lime, magnesia and iron is low. 

rms BIG, AL ee PL TG Sa 69.73 

wera 7. 00. 59 10 ROTO Noga ae St 16.42 

Peroxidtaf trom tea.) Bose ee 2.58 

Ramey SLT Bl PP A aU i A 1.66 

Magnieatn 2. SSUES ESI, SAR MO VID. 69 

Abie lisp ets. rs 6. PLR Ragu enioe tip 549: 6.27 
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Carts are used to haul it to the yard. Pumps have to be used 

to keep out the water which comes up through the underlying 

sand. The clay is tempered without the addition of sand in ring 

pits run by horse power. The bricks are dried either on the open 

yard or on pallets and burnt in scove-kilns with wood. They are 

shipped on the Long Island railroad, which passes by the yard. 

Oyster Bay, Queens co. An extensive deposit of clay is being 

worked on Center island, in Oyster bay, by Dunn, Dolan & Co. 

They manufacture common brick. The bank adjoins the yard, 

and the clay, which is in thin layers, separated by fine laminae of 

sand, is of a bluish color in the lower portions of the deposit, brown- 

ish above. The brown clay is more sandy; there is 6 or 8 feet of 

it. Over the brown is a less gritty and tougher clay, which runs 

nearly to the surface. The total hight of the bank is about 25 

feet, but the front is broken up into several wide benches. Springs 

issue from several sandy spots in the blue clay. In making the 

brick the different grades of clay are mixed together, a certain pro- 

portion of sand, and some coal dust added. Ring pits are used 

for tempering. The brick are dried on an open yard and burned 

in scove-kilns. They settle 8 to 10 inches in burning. 

West neck, Suffolk co. The clay at this locality rises in a bank 

to a hight of over 100 feet. There are three yards but only two 

are active. Both are along the east shore of Coldspring Harbor. 

The most southern one belongs to Dr Jones. The clay in this bank 

is of a red and brown color, there being about 25 feet of the latter 

at the bottom, while above it is the red, which is of a more sandy 

nature. There is an upper covering of 15 or 20 feet of yellow 

gravel and sand, which after screening is used for tempering. This 

latter is done in ring pits. All the machinery is run by horse power. 

The bricks are dried on an open yard and burnt in scove-kilns. The 

product is loaded on schooners and sent to New England and New 

York city. The lower brown clay has been used for coarser grades 

of pottery. Its composition is given below. 
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DE eyo degen) SRI Ls ole ty ed Ot a rr 61.01 

arena CE CUI ZA OU ae og lth cs os 19.23 

Peroxid ot) monn 2 full hes ko. S 5.43 

ame) 2. UR 0 1 eae ee oc .96 

ememasta:. . ON EOL DUR Oa ee SOR AS 1.88 

iPikeale 2) Ls. Nie tes 81) 4 ¢ A TBS ak 4.60 

93.11 

Adjoining Jones’s yard is that of Crossman Bros. It is leased by 

William Hammond. The clay in his bank is similar to that of 

Jones. The yard is also an open one, steam power being used for 

running the machines; the tempering is done in rectangular pits. 

Freshpond, Suffolk co. This locality 1s about 4 miles east 

of Northport on the north shore of the island. There are two 

yards, about a mile apart. The most eastern belongs to G. Long- 

bottom. It is situated some 500 feet from the shore and about 50 

feet above Long Island sound. The clay bank is about 200 feet 

west of the yard and at the same level. A section in the summer 

of 1892 showed 

Rea aadraravel ).°: .< AMR BIS i de 0 4 feet 

Denmaiy Clays)... 25 eRe Ale oH Be fF 

CS, Sees oor ee nce eo Gy) 58 

The overlying sand and gravel is stratified and dips east. It is 

screened for tempering. Carts are used for hauling the clay to the 

machines. Molding sand is obtained from Hackensack. The clay 

and sand are shoveled directly into a vertical pug-mill, from which 

they pass to the molding machine. Coal dust is also added in tem- 

_ pering. The product is loaded on cars, run down to schooners at 

the dock and shipped to Connecticut. care Longbottom’s 

yard is the inactive plant of Provost. 
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About a mile west of Longbottom’s, situated along the shore, is 

the yard of R. Sammis. His land extends 2000 feet along the 

shore and in the whole of that distance the clay crops out from un- 

derneath the sands and gravels. The lower portion of the clay is a 

bluish red, the upper, red in color and somewhat more gritty. The 

clay is rather tough but not so dry as Longbottom’s. The carting 

is done along the shore; the overlying sands which are highly stained 

with iron are used for tempering. A cutting has been made in the 

cliff just east of the yard for tempering sand. The bricks are burnt — 

with wood. ; 

Greenport, Suffolk co. The works of the Long Island brick eo. 

are some 2 miles west of Greenport on the shore of Pike’s cove, 

opposite Shelter island. Its clay is a glacial deposit of red color, 

rather tough and contains numerous stones. Mr Sage, the owner, 

claims a depth of 64 feet for the deposit in places. Several open- 

ings have been made in it, one of them 24 feet deep. It is said to 

thin out to the east of the yard, where it is found to be underlain 

by hardpan. It is undermined, the working face being about 8 feet 

high; and the clay is hauled to the machines in carts. It is tempered 

in soak pits, with the addition of one third its volume of sand. _Hema- 

tite is also added in order to produce a good color in burning. The 

bricks are dried on pallets or on open yards. ‘They are burnt in 

scove-kilns, loaded on schooners and shipped largely to Connecticut. 

Many also go to points on Long Island. 

Southold, Suffolk co. 2 miles east. of. the village is C. L. 

Sandford’s yard. The clay is similar to Sage’s. Mr Sanford has 

about 29 acres of clay., It is worked chiefly by undermining, the 

working face being about 10 feet in hight. In places, gravel is 

scattered through it, but in others it is very free from stones. Bor- 

ings have shown a depth of 65 feet of clay. The clay and coal dust 

are put into rectangular soak pits and from these are shoveled into 

the machine, the tempering sand not being added till then. The 

drying is done on pallets, whose total capacity is 154,000. Most 

of the product goes to Connecticut by schooner. 
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Below is given an analysis of the clay. 

ISM OO tee Ce eee ie She istee ane orctens 59.05 

PN OL Loe Se hte ee Sn ry oes 29.11 

WEPOM: OF THO 4 ine VA eRe EAR ER CORA EEA 6.54 

MHI Fs RE ERA LUNA CIN BT Stickers 2.19 

NE e192 Ak uk A Ace Aj In NL G hia 6 MRE EE 2.64 

EES Ee ein sno A AMAA Me Ai sate 8 98 6.22 

98.75 

The plasticity of the clay is quite well shown by the amount of 

water required to work it up, viz, 40%. ‘The air shrinkage was 8%; 

when burned at .08, which is about the temperature attained in the 

scove-kilns, the shrinkage was 9%. At this point, however, incipient 

fusion had barely begun. When heated above this point the shrink- 

age increased quite rapidly, so that at vitrification, which occurred 

at cone 1, the total shrinkage was 16%. At incipient fusion the 

clay burns red; at vitrification a very deep red. Viscosity occurs at 

eone 4. The high shrinkage of this clay would probably interfere 

with its use alone for vitrified wares. The tensile strength of the 

air-dried briquettes ranged from 133 to 140 pounds a square inch, 

but one gave a minimum of 108 pounds. The clay contains .7% of 

soluble salts. 

Fishers Island, Suffolk co. The extensive deposit of clay at this 

locality is worked by the Fishers Island brick manufacturing co., 

whose plant has a capacity of about 15,000,000. The yards are 

situated on the north shore of the island between Clay point and 

Hawks neck point. About 1500 feet from the shore is the bank 

of clay of a reddish color and thinly stratified, the layers of clay 

being separated by very thin ones of sand. In most places, how- 

ever, the mass has been disturbed by glacial movements. There 

is a stripping of 20 or 30 feet of a whitish sand, the finer portions 

of which can be used for tempering. Their present working face 

‘is 30 feet above tide at its base, and the clay, it is declared, has a 
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depth of 40 feet at least, below this, as shown by borings. A sam- 

ple from the upper half of the bank showed the following composi- 

tion: 

Siliea’ os. SO Oe 5S stk 

Adnan Os ea SUS es 20.49 

Perexid offron Vere oe See Ss 2 ee Oe ee 9.23 

Wigomiesia’ Sel ee eo ale Ris Be ees 4.22 

Damme er ee, 2 Soke i tee 2.04 

me Pectoral Ge a 9.60 

99.35 

The clay, which is said to improve with the depth, is worked 

by undermining. It is then loaded on carts and hauled about 

200 feet to a platform, underneath which cars are run to receive 

the clay and sand. These cars, in trains of three or four, are 

drawn to the yard by four horses, the grade being slightly descend- 

ing. ‘Tempering is done in large rectangular soak pits; open yards 

are used for drying the brick, or it is done on pallets. A small 

quantity of hematite is added to the molding sand. The bricks are 

burnt in scove-kilns with wood. Most of the product goes to Con- 

necticut and Rhode Island. 

Farmingdale, Suffolk co. M. Meyers’s yard les about 1 mile 

north of the village, along the southern edge of the moraine, on 

a branch track of the railroad. The clay pit is some 300 feet from 

the yard, and several feet lower. The clay is chiefly a reddish yellow 

and very plastic, but tough in places. The lower portions are 

quite free from sand. Mr. Meyers claims a thickness of at least 25 

feet of clay in addition to the 10 feet exposed. At the entrance to 

the pit the clay is seen to be underlain by a bluish white micaceous 

sand, which is cross-bedded and dips under the clay at a very steep 

angle. Hauling the clay is done in carts, the tempering in ring pits 

with the addition of sand and coal dust. Soft mud machines are 

used, and the drying is done on pallets. The pallet racks have 
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sectional roofs which are hinged and can be lifted by a lever for the 

purpose of admitting more sunlight. The bricks are burnt with 

wood in clamps; the product is shipped to various points on Long 

Island. 

Below is given an analysis of the lower clay. 

“UIE RUS Ac 5s Se ae a PIS! ES Pr ee Se an 62.39 

EMEA REMI ARG SW) Gua AND TOR ehatar lV ORE 23.60 

Saree iran 2) 1) os aa De el fed a ES, 

PIO GTI), Sebe'd shade Je hee SARE) alten he 2 uch civ 10 

Magnesia.... Sere Ae aka) shares iietaieie ahs nO 

Meee 08 208, fiobin sles or ed My wl) o, 5.89 

96.07 

‘The physical properties of the two clays from Meyers’s bank are 

as follows: 7 

Upper clay. While this differs from the lower clay in color, 

because of the higher oxidation of the iron oxid, at the same time it 

ig more sandy, containing a large amount of very fine sand and 

mica scales. It is quite plastic and tough, but not very tenacious, 

as shown by its low tensile strength, which ranges from 20 to 25 

pounds a square inch. It took 34.70% of water to work it up; the 

bricklets showed an air shrinkage of 6%. At cone .08 the clay burns 

bright, but not dark red, with a total shrinkage of 7%. Incipient 

fusion occurred at cone .05 with a total shrinkage of 10%. The clay 

had a shrinkage of 14% when vitrification began at cone 1. It be 

came Viscous at cone 4. The soluble salts amounted to .142. 

Bottom clay. This is more plastic and slightly more tenacious 

than the top clay, but otherwise does not differ from it very much. 

It absorbed 28% of water in tempering—the air-dried bri- 

quettes had a tensile strength ranging from 30 to 40 pounds a square 

inch. The air shrinkage was 8%. At cone .08 it amounted to 83%, 

___ at cone .05 to 10%. Incipient fusion occurred at cone .04, vitrifica- 
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tion at 1, with 15% shrinkage. Viscosity at 5. Percentage of solu- 

ble salts, .204. | 

About one mile north of the depot is the yard of the Garden 

City brick company. This is on the site of the old Stewart yard, 

but the plant is a modern one. The clay however is obtained 

from the opening that supplied Stewart’s yard. 

In the mining of the clay three kinds are recognized: 1) top 

sandy clay; 2) middle clay and 3) black bottom clay. (For sec- 

tion of bank, see chapter on “ Geology of clay deposits in New 

York”, p. 605) 3 
No analyses of the clay have been made, but no. 1 and a mix- 

ture of 2 and 3 have been tested. No. 1 is a red burning, gritty 

clay, with an abundance of fine mica scales. With 31% of water 

it worked up to a very plastic mass, that had an air shrinkage of 

5%. The tensile strength was low and ranged from 50 to 60 pounds 

a square inch. The mechanical analysis gave 15.44 sand, 83.75 

clay substance and silt. In burning, incipient fusion occurred at 

cone .03, with 11% shrinkage; vitrification at cone 2, with 14% 

shrinkage, and viscosity at cone 5. Soluble salts, .544. 

The mixture of 2 and 3 showed similar properties, but hardened 

at a somewhat lower temperature. The tensile strength was from 

40 to 50 pounds a square inch; the clay was slightly more gritty 

than the top part, but was equally plastic; 33% of water was re 

quired to temper it; the air shrinkage was 6% at cone .04; incipient 

fusion occurred with a shrinkage of 12%; vitrification began at 1, 

the shrinkage was 16%. The clay grew viscous at 5. The color of 

the burned clay is light red, but deepens on hard firing. The solu- 

ble salts amounted to .2%. 

The bricks made at these works are all dry pressed; the product 

is used chiefly in Brooklyn. 

By mixing the clays, with addition of manganese, and by hard 

or soft burning, the colors buff, pink, gray, brown, red, and speck- 

led, are produced. 
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The company has recently begun to use a white burning clay ob- 

tained near West Deerpark, formerly used in the brickworks at that 

locality. 3 

In July 1899, a large opening had been made at the base ot 

the hill about half a mile northwest of West Deerpark station. 

The section exposed at that time showed: 

2 hE SNR ale es eter ae inte a neme aa ia nn Or 4 feet 

Black clay, with some yellow streaks .............. : 

Black clay with white sand in streaks ............. oy 

oO a a ree pa augenaie LG TAA COANE aR a aaa Zope 

14 oe 

The clay is. loaded. on carts and hauled to a siding about 500 

feet distant, whence it is taken by train to the works. About 600 

feet east of the present bank, a second one is being opened up. 

The same clay also crops out at the base of the embankment, where 

the road from Farmingdale to the Garden City brick co.’s works 

crosses the railroad siding leading up to the works. 

There is probably an abundance of this clay between Farming- 

dale and Wyandance, but at most places there is a heavy over- 

burden of sand and yellow gravel, usually not less than 15 feet, 

except at the pit from which clay is now being dug. | 

The highly sandy nature of the clay is indicated by a mechanical 

analysis of the material which yielded: 

LE TS TIES SI ESA ire a eae 84% 

Olay amirtamee ANG AG pio he oe sae en des 16% 

100% 

All of the sand passed through a 100 mesh sieve. In spite of its 

highly silicious nature the clay is fairly plastic, and 23% of water 

was required to work it up. Scattered through the clay are scales 

of mica, and occasional grains of pyrite. The shrinkage in drying 

is 8%; up to cone 3, 11%, and cone 6, 15%. At the former cone the 
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clay became incipiently fused; the color was yellowish white. At 

the latter it had deepened in color, and began to assume a reddish 

hue on the approach of vitrification. It fused at cone 10. 3 

This clay is used for making front brick by the dry press process. 

It is doubtful however if it would work in a stiff mud machine 

without tearing as it issued from the die. 

The clay contains .15% of soluble salts. 

_ The following analysis was made by H. Ries from a sample col- 

lected in 1899 

yt GT LY, me rake eee en tira Marae MMs eal 5 Ll 60.20 

AA UIMGIN AN tehcgs ese teRt Maa ble taste el’ WAR ra 3. 23.07 

Ferric: oxi. Oeste Beas eb opens hg ake A Ve) an 

Lami, 4 A eee BE Rie pecs Pom eA EAS 1.20 

Magnesia! 3.57 Se fee pA Gig dads a gs tr 

A Micali) cia? a a ee eet ite Cee ema Te eran 3.05 

U Bors re: age Foc Wma Aras cTaSlPandin Fea oor A PAN ss 10.10 

99.07 

Staten Island has two yards where common brick are manu- 

factured. One belongs to McCabe Bros. at Greenridge. Their 

deposit is a stony glacial clay of a red color, and lies to the north- 

west of the yard. Small boulders are scattered sparingly through 

it; the upper portion is somewhat loamy. Borings have penetrated 

the clay to a depth of 25 feet and stratification appears with the 

depth. No sand or coal is added to the clay in tempering. It is 

first passed through rolls 2 feet in diameter, the one making 60, the 

other 600 revolutions a minute, and having an opening of half an 

inch. This partially breaks up the stones. The crushed material 

falls on a belt and is carried up to a pug mill, where the water is 

added before it passes to the machine. Drying the bricks is done 

either in the sun or in tunnels. In the latter the bricks shrink 

more. The tunnels are heated by coal fires. Wood is used for 

burning. The kiln settles about 4 inches. The products go to 

New York city and the vicinity. 
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Wood & Keenan’s yard is situated on the shore of Arthurs kill, 

opposite Carteret. It is an open yard of greater capacity than its 

output. The clay is of the same character as McCabe’s. It is 

tough and has to be worked with picks. The pit is about 10 feet 

deep. Ring pits are used for tempering and the bricks are burnt 

with wood. New York city and Newark are the chief markets. 

The New York Anderson pressed brick co. has its works at 

Kreischerville adjoining Kreischer’s fire brick factory. Various 

styles of ornamental and pressed brick are made. The clay is ob- 

tained from a pit near Greenridge. It is of a black and gray color. 

The pit is worked in benches, the clay being hoisted in buckets and 

loaded on ears which are run down to the works. 

_ The works have not been in operation for several years. 

Paving brick | 

The total number of paving brick produced in the United States 

in 1897 was 435,851,000, valued at $3,582,037. Of this amount 

New York produced 28,145,000, valued at $309,564, an average 

price of $11 a thousand. 

One reason that paving brick have not been made in greater 

quantities is that New York lies in a region abundantly supplied 

with stone which can be used for the same purpose. Nevertheless 

many cities of the state have adopted brick pavements, among them 

Binghamton, Lockport, Buffalo, Rochester, Syracuse, Troy, Water- 

town, Ithaca, Corning, Elmira, Dunkirk, J amestown, Tonawanda, 

Niagara Falls, and Brooklyn. Paving brick were formerly made 

only of fire clay, and indeed this was considered the only material 

fit to be used. At the present time however the material most used 

is either shale or clay (preferably the former) which burns to a 

vitrified body. 

The clays used should have sufficient fluxing impurities to enable 

them to burn to a dense impervious body at a moderate tempera-~ 

ture. The following average composition is given by Wheeler for 

a paving brick clay, being deduced from 50 sources.’ 

1 Vitrified paving brick, 1895. Indianapolis, 
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Min. per Max. per 
cent cent Average 

Moistares 4 seers F8. Paik sit 3.0 Lad 

Silteartnt Hi toa see aa bes 49.0 75.0 56.0 

Altimina ep tig ails Sabie 11.0 “Bb: Qi, Bes 

Fermesonid. tuft. bdacgniaines 2.0 9.0 6.7 

Paiste) Pathol ed ea dae abe 2...) 9250 
vbagriedians a as 2) Donate 1 3.0 1.4 

ATkaliaviieadic SE en, 1.0 Bid Sin 

Water (loss on ign.) ........ B10" 1 d8a0 ‘toes 

Total fumes sold. te ehh. .anbeeeiee ae aoe 

In addition to having the proper chemical composition, it Pte 

also possess the necessary physical properties. 

Proper plasticity is of vital importance, but its excessive develop- 

ment is equally injurious. The reason plasticity has such import- 

ance is that clay when molded by the stiff mud process is very apt 

to tear when issuing from the die, unless of proper plasticity. 

Excessive plasticity tends to produce a laminated brick when auger 

machines are used. The effect of these laminations will be seen in 

the tests given below. , 

As paving brick, unless made of fire clay, should be burned to the 

point of vitrification, it is essential that in clays used for this pur- 

pose the points of viscosity and incipient fusion should he well 

apart, not less than 250° F. and preferably 400° FE’. 

The color of a paving brick is no indication of its quality. 

The clay should not show any disposition to blister as the point 

of vitrification is approached, but this is likely to occur if an excess’ 

of iron is present. 

In order to demonstrate somewhat definitely what are the char- 

acters of a good paving brick shale, the tests of a sample utilized 

in Illinois for the manufacture of paving blocks is given herewith. 

The shale is rather fine-grained, and breaks up quite easily in 

grinding. It was mpd to pass through a 30 mesh sieve. 28% of 

Olsheweks in Post. chem. tech. analyse. 1890; Wheeler in Vitrified 
paving brick. 1895. 
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water was required to work it up. The air shrinkage was 4%. Up 

to cone .03 it was 10%. It vitrified at 2 and became viscous at 5. 

The tensile strength was from 60 to 70 pounds a square inch. 

Manufacture of paving brick 

Shale is used more than clay in the manufacture of paving brick. 

It has to be prepared first by crushing in a dry pan, then screened. 

This screened clay is mixed with water and tempered either in a 

pug mill or in a wet pan. (For description see “ Manufacture of 

common brick”, p. 653) | 

Paving brick are commonly molded in an auger machine; they 

are either end-cut or side-cut. At a few factories the soft mud 

method is used, but in this state it is only employed at Syracuse. 

Repressing the green brick is commonly practised, but there is a 

difference of opinion*as to whether it improves the quality of the 

brick, though the experiments given on the following pages tend to 

indicate that the end-cut repressed brick are the strongest, while 

still more recent tests somewhat disfavor this view. 

The green brick are usually piled on cars and dried in tunnels. 

Paying brick should be burned in down-draft kilns, as they give 

better results than the up-draft kilns, and there i is no loss from 

crushed, overburned brick. 

The type of kiln used in this state is either the rectangular lke. 

draft kiln or a continuous one. The latter is extending in favor, 

as it is the more economical and yields good results. Circular kilns 

are but little used in this state for burning paving brick. 

Tests of paving brick 

For a long period there has been some difference of opinion as to 

what constitutes the qualities requisite for a paving brick. Engi- 

neers have frequently laid considerable stress on the crushing test 

and the color. The latter is of no value as a guide; the former be 

yond certain limits is to be looked on in the same way. With a view, 

therefore, to determine what the requisite qualifications of a paving 

‘ 
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brick should be, and if possible to adopt a set of standard specifica- 

tions, a committee was appointed by the National brickmakers 

association two years ago. After a series of exhaustive tests their — 

report has recently been submitted. 

The subjects which the committee took up for consideration were: 

1 Rattling, as a measure of toughness and wearing power 

2 Absorption, as a measure of vitrification and resistance to 

freezing 

3 Cross-breaking, as a measure of structural perfection and 

freedom from defects due to manufacture 

4 Crushing, as a farther indication of the same factor 

5 Hardness, as a.confirmatory test of vitrification 

6 Specific gravity, as a guide to the density and fineness of the 

material 

The rattler. A series of experiments made by varying the 

charge, size of rattler, number of revolutions a minute, and time 

of rattling showed that 

1 Not less than 10% nor more than 15% of the volume of the 

rattler need be filled with the cubic contents of the charge. | 

2 It must be rattled for not less than 1000 and preferably not 

less than 2000 revolutions. 

3 The length of the chamber is immaterial. 

4 The diameter of the chamber must be between 26 and 30 

inches. 

5 The speed of revolution, between 24 and 36 revolutions a 

minute, is immaterial if the test is terminated when the requisite — 

number of revolutions have been made. 

The use of cast iron and granite as abrasive and filling materials 

was also tested and found to be unsatisfactory. Large bricks showed 

less wear than small ones; normally burned, less than overburned 

or underburned ones. 

Absorption test. A series of tests showed that even after dry- 

ing 48 hours at above 110° C. a brick continued to lose water, and 

that immersed brick showed redundant gain in weight even after 
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six months’ immersion, though the great bulk of the water was 

taken in the first week. 

Broken bricks absorb more water than whole ones, and small 

pieces from the interior of the brick absorb more proportionately 

than large ones. 

The following conclusions were reached. 

1 That to obtain accurate absorption figures, a hard brick will 

require not less than four days’ drying and eight weeks’ soaking. 

2 That only roughly approximate figures are obtained within time 

limits which would be short enough to make the figures useful for 

ordinary competitive tests of material for immediate use. 

3 That only rattled bricks should be used for the absorption test, 

as the absorptive power of brick in use is increased by its chipping 

and grinding under traffic. 

4 No relation seems to exist between loss by rattling and per- 

centage of absorption. } 

As a result of the committee’s experiments the following speci- 

fications were adopted. 

Specifications for abrasion test 

1 Dimensions of the machine. The standard machine shall be 

28 inches in diameter and 20 inches in length, measured inside 

the rattling chamber. Other machines may be used, varying in 

diameter between 26 and 30 inches, and in length from 18 to 24 

inches, but if this is done, a record of it must be attached to the 

official report. Long rattlers may be cut up into sections of suit- 

able length by the insertion of iron diaphragms at proper points. 

2 Construction of the machine. The barrel shall be supported 

on trunnions at either end; in no case shall a shaft pass through 

the rattling chamber. The cross section of the barrel shall be a 

regular polygon, having 14 sides. The heads and staves shall be 

composed of gray cast iron, not chilled or casehardened. There 

shall be a space of one fourth of an inch between the staves for 

the escape of dust and small pieces of waste. Other machines may 
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be used, having 12 to 16 staves, with openings from one eighth 

to three eighths of an inch between the staves, but if this is done 

a record of it must be attached to the official report of the test. 

3 Composition of the charge. All tests must be made on 

charges composed of one kind of material at a time. No test shall 

be considered official where two or more different bricks or mate 

rials have been used to compose a charge. 3 

4. Quantity of the charge. The quantity of the charge shall be 

estimated by its bulk and not by its weight. The bulk of the 

standard charge shall be equal to 15% of the cubic contents of the 

rattling chamber, and the number of whole brick whose united 

volume comes nearest to this amount shall constitute a charge. 

5 Revolutions of the charge. The number of revolutions of a 

standard test shall be 1800, and the speed of rotation shall be 

30 a minute. The belt power shall be sufficient to rotate the 

rattler at the same speed whether charged or empty. Other speeds — 

of rotation between 24 and 386 revolutions a minute may be used, 

but in this case a record of the speed must be attached to the official 

report. 

6 Conditions of the charge. ‘The bricks composing a charge 

shall be dry and clean, and, as nearly as may be possible, in the 

condition in which they are drawn from the kiln. 

7 Calculation of the results. The loss shall be calculated in 

percentage of the weight of the dry brick composing the charge, 

and no result shall be considered as official unless it is the average 

of two distinct and complete tests, made on separate charges of 

brick. 
Specifications for absorption test 

1 The number of bricks for a standard test shall be five. 

2 The test must be conducted on rattled bricks. If none such 

are available, the whole bricks must be broken in halves before 

treatment. 

3 The bricks should be dried for 48 hours at a temperature 

ranging from 230° to 250° F. before weighing for the initial dry 

weight. 
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4 The bricks should be soaked for 48 hours, completely im- 

mersed, in pure water. 

5 After soaking, and before weighing, the bricks must be w aoe 

dry from surplus water. 

6 The difference in weight must be determined on scales sensi- 

tive to 1 gram. | 

7 The increase in weight due to water absorbed shall be calcu- 

lated in percentage of the initial dry weight. 

The commission which drew up these specifications considers 

that any brick which will satisfy the requirements of reasonable 

mechanical tests will not absorb sufficient water to prove injurious 

to it in service, and that for such brick the absorption test should 

be abandoned as unnecessary, if not actually misleading. 

Specifications for cross-breaking tests 

1 Support the brick on edge, or as laid in pavement, on hard- 

ened steel knife edges, rounded longitudinally to a radius of 12 

inches and transversely to a radius of one eighth of an inch, and 

bolted in position so as to secure a span of 6 inches. 

2 Apply the load to the middle of the top face through a hard- 

ened steel knife edge, straight longitudinally and rounded trans- 

versely to a radius of 75 inch. 

3 Apply the load at a uniform rate of increase till fracture 

ensues. 

4 Compute the modulus of rupture by the formula 

in which 

f= modulus of rupture in pounds a square inch 

w = total breaking load in pounds 

1—length of span in inches = 6 

b=breadth of brick in inches 

d == depth of brick in inches 

5 Samples for test must be free from all visible irregularities 
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of surface or deformities of shape, and their upper and under 

faces must be practically parallel. | 

6 Not fewer than 10 bricks shall be broken, and the average 

of all be taken for a standard test. 

Specifications for crushing test 

1 The crushing test should be made on half bricks, loaded edge- 

wise, or as they are laid in the street. If the machine used is 

unable to crush a full half brick, the area may be reduced by 

chipping off, keeping the form of the piece to be tested as nearly 

prismatic as possible. A machine of at least 100,000 pounds’ 

capacity should be used, and the specimen should not be reduced 

below 4 square inches of area in cross-section at right angles to 

the direction of load. 

2 The upper and lower surfaces should preferably be ground 

to true and parallel planes. If this is not done they should be 

bedded in plaster of paris while in the testing machine, which 

should be allowed to harden 10 minutes under the weight of the 

crushing planes only, before the load is applied. 

3 The load should be applied at a uniform rate of increase to 

the point of rupture. 

4 Not less than an average obtained from five tests on five dif- 

ferent bricks shall constitute a standard test. 

It was resolved by the commission that “ from the experimental 

work done so far by this commission, or by others so far as is 

known to us, in the application of the cross-breaking and crushing 

tests to paving brick, it is not possible to show any close relation- 

ship between the qualities necessary for a good paving material 

and high structural strength as indicated by either of these tests ”’. 

Effect of structure on wearing power of paving brick’ 

Recent experiments by Prof. Edward Orton jr on bricks made 

from the same shale, but molded on different machines and burned 

1 Clayworker, February and March 1897. 
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together in the same kiln, show that end-cut bricks possess a de- 

cided superiority over side-cut bricks, and also show the marked 

. advantage of repressing end-cut and the disadvantage of repress- 

ing side-cut bricks. | 

Rattling tests made by Prof. Edward Orton jr om paving bricks 

END-CUT BRICKS 

Loss in weight at the end Average 

| «as a al modulus 
Description aia Th lu ~~ a O 

revolu- - 
| tions tions erent 

: Per cent Per cent Pounds 

dmeprdssed) dete. hoe bas 18.23 26.67 2525 
Agim sr rte leniioe. as Le Ot. O5 28.48 2425 

Average of both......... 19.54 27.00 24638 

SIDE-CUT BRICKS 

Re PCRREL Gt pacerdaw Sea ieiky cp BBr DD 5 BSc9O! 2.347 

BMS ih are js thy akl said vetewee e os 22.73 381.42 2346 

Average of both...... woth 24.43, - 32.90...) 23847 

eee oh nites edt wii tOG40> (25220 ~ 12 507 

RPO DoF AL os sw ie iaranet 23.80 28.26 2 740 

eS ae Leh De oa 5030, «eal « $0.07 6: 294k D687 

vemmme Gioall.,\ s.... <2 js < 21.09 27.72 2644 

As regards the crushing test, experiments given below show 

that, even with the same material, a wide range of results is ob- 

tained, depending on the method of preparing the surface. 

Prof. I. O. Baker prepared a number as follows: 

1 Grinding as nearly flat as possible on convex side of emery 

stone and crushing between self-adjusting, parallel cast iron plates. 

2 Removing the irregularities of surface and crushing between 

blotting paper. _ 
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3 Removing the irregularities of surface and crushing between 

straw boards. 

4 Removing irregularities, coating with plaster of paris and 

placing under slight pressure till set (12-24 hrs), and then 

crushing. | 

5 Coating with plaster of paris which was afterward ground 

down, on a sand paper disk, to the surface of the brick so as to 

leave a minimum thickness with a perfectly flat surface, and then 

crushing. , 

After a number of experiments no great difference was found 

between the first three, but difficulties connected with the last 

two rendered them worthless. With a uniform grade of brick 

the first three methods gave 7000 to 9000 pounds as the crushing 

strength of cubes. Some samples of the same lot of brick were 

prepared on a rubbing bed at marble works, and the strength of 

these carefully prepared cubes ranged from 16,000 to 21,000 

pounds a square inch, showing that a very small difference in flat- 

ness of surface makes a great difference in the apparent strength. 

At a recent meeting of the National brick manufacturers asso- 

ciation, Gomer Jones, city engineer of Geneva, N. Y., advocated 

the following method for testing the resistance of paving brick to 

abrasion. : 

A rattler of the usual type has the staves fitted with two longi- 

tudinal pockets each, in which the bricks are inserted and held end 

to end. ‘These pockets are 3 inches deep, leaving about one inch of 

brick protruding. ‘“‘ When all the staves are in place, the interior 

of the rattler is virtually solid brick lined. During rotation the 

attack of the abrading material is at right angles to the length of 

the brick, and confined to the surfaces and edges which are ex- 

posed in actual use; there is sufficient space between the brick for 

the escape of any dust or waste, and incidentally allowing the 

abrading material free access to the unsupported edges of the 

brick under test, thus establishing the conditions of position and 
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line of wear produced when brick are laid with sand filler in the 

street ”’. | 

The charge adopted by Mr Jones consists of 150 pounds of cast- 

iron cubes, each 4 inch each way, and weighing .87 of a pound. 

The rattler is revolved 3000 times. Bricks which are considered 

standard lose 5% of weight; these would be condemned if found 

on the street. 

Mr Jones analyzes the action of his rattler as follows. First, the 

ascending side of the rattler carries up part of the charge of cubes, 

_ imparting to them its velocity. When carried beyond the center 

they ‘are thrown toward the opposite side of the rattler chamber, 

and therefore strike on the unprotected surface of the brick, chip- 

ping the edges, cutting into the surface, and doing all that the calks 

of a horse’s shoe can do. Second, as only part of the charge of 

cubes can be carried upward by the ascending side of the rattler 

chamber, the rest slide and roll over the surface of the brick at 

the lowest point, grinding and wearing them away. 

Thus we have: 

1 Brick in position as in the street 

2 Continual raining of iron cubes on the surface — malonchis to 

the shock of horses’ feet 

3 Attrition and rolling wear as of wagons 

4 Wear confined to the narrow surface of the brick — as in the 

street 

5 Uniform and standard abrading material 

6 Like conditions for testing any material from fire clay to 

shale 

7 Influences of change of form minimized 

8 Weight, cross-section, form and structure estimated at true 

value, as they are all reduced to surface and resisting quality of 

material. 

As only one edge is subjected to abrasion, it is possible to 

multiply the loss of weight suffered by one brick by the number 

required to lay a yard and thus ascertain the number of pounds 
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of material that would be lost from a square yard of pavement laid 

in the street. | 

Mr Jones gives the following test made at Geneva. 16 different 

samples were at his disposal; in order to eliminate the weakest, he 

put two of each kind of brick into the staves of the machine, with 

the usual charge and number of revolutions. The result was that, 

while the strongest material lost less than 3%, the weakest lost 

7.85%. The wire-cut brick failed to develop as much strength 

as the same material repressed. In one instance, the difference of 

abrasion was as between 3.59% in the case of repressed brick and 

6.26% for common wire-cut brick. The large fire clay blocks also — 

failed in comparison with the smaller repressed fire clay bricks. 

Some of the comparative results reached by Mr Jones’s test were 

as follows: 

Alas” 
Oss 

Stiale bloeki-ndcrdle. » fé:naw cvs Letechetedicaels aoe 2.46% 

Medina. sandstonesblock race: kei aoe bee Se 3.61% 

Fire-clay: block-no.-90k:. oi aes A. Se 3.2% 

Fire:clay tbleck no. '3:.¢j0e add aioe 4.6% 

The method adopted by Mr Jones is undoubtedly from all ap- 

pearances very reasonable, but, in order to determine whether it 

or the old method of testing the resistance of brick to abrasion 

is the better, it will be necessary to carry on a long series of parallel 

tests on the same material, using both methods. Steps have already 

been taken to do this, by the National brickmakers association. 

More recently Prof. Talbot of the University of Illinois has 

brought forth a third method of testing paving brick which differs 

from the standard test of the National brickmakers association in 

placing a certain number of bricks in the standard N. B. M. A. 

rattler, along with cast iron shot of two sizes, the larger weighing 

about 7$ pounds, the smaller about 1 pound. 

A committee lately appointed by the association herd to 

above found that, while the Jones device gives more accordant or 
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uniform results for any given make of brick, and while it is dis- 

tinctly more sensitive in indicating the softer grades of brick, the 

device as now manufactured embodies objectionable features which 

the committee think can be remedied. As between the present 

standard N. B. M. A. test described above, and the Talbot standard 

test, the committee found that the latter is much more sensitive in 

selecting the soft brick, and also gives more uniform results than 

the present standard. 

The committee therefore recommended the abandoning of the 

present N. B. M. A. test, and the adopting of the Talbot standard 

test, which is to be carried out as follows: 

1 All brick shall be thoroughly dried before testing in the rattler. 

2 The present standard rattler, 28 inches in diameter, and 20 

inches long, shall be retained. It is preferably made of steel plates 

in place of cast iron, which peels and ultimately breaks under the 

wearing action on the inside. The rattler shall be run not less than 

28 nor more than 30 revolutions a minute for 1800 revolutions. 

3 The charge to be placed in the rattler shall consist of nine 

paving blocks or 12 paving bricks together with 300 pounds of 

shot made of ordinary machinery cast iron. This shot shall be of 

two sizes; the larger size to weigh about 74 pounds, and to be 24 

inches square and 44 inches long, with slightly rounded edges; the 

smaller sizes to be cubes, 14 inches on a side, with rounded edges. 

Farther, the individual pieces of cast iron shall be replaced by 

new ones when they have lost j;of their original weight. One 

fourth (75 pounds) of the short charge shall be always composed of 

the large cast iron blocks, and three fourths (225 pounds) of the 

small cast iron blocks. 

New York paving brick industry 

Most of the, paving brick manufactured in this state are made 

from shale. The localities are as follows. 

Cornmg. The Corning brick and terra cotta company manu- 

factures a paving brick from the Chemung shales. The brick are 
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molded in auger side-cut machines and repressed. The shale from: 

this locality is mentioned in chapter on “Shale”, p. 839. | 

Catskill. The works of the Eastern paving brick company rank 

next in size to those at Syracuse. The material used is a mixture 

of Hamilton shale and Quaternary clay, both of which are obtained 

at Cairo. They are brought to the works by railroad. After 

crushing and mixing, the bricks are molded in auger machines, and 

burned either in rectangular down-draft kilns or in a continuous 

one built according to the design of Mr Haight, superintendent at 

the factory. | 

A view of this kiln, which is in successful operation, is shown 

in pl. 45. 

Hornellsville. The Preston brick co. manufactures brick from 

Chemung shale. The quarries are located on the Erie railroad 

about one mile from Hornellsville. The bricks are molded in a 

side-cut auger machine, but are not repressed. They are dried in 

tunnels and burned in circular down-draft kilns. (pl. 44) 

The material is described under “ Shale”, p. 839. _ 

Newfield. The description of this plant is given on p. 728. 

The paving brick are auger side-cut ones, and are repressed either 

in hand or steam power represses. 

Jamestown. The Jamestown shale paving brick company at 

this place makes both end-eut and side-cut paving brick. The 

product is usually repressed, dried in tunnels and burned in down- 

draft kilns. One form used at this works is divided longitudinally 

by a brick wall into two compartments. A view of the works is 

shown in pl. 63. : 

Syracuse. The New York paving brick company at Geddes, 

near Syracuse, is the only one in the state that uses clay alone. 

The material is brought by canal from Threeriver Point on the 

Oswego river, 10 miles northeast of Syracuse. The clay deposit 

is said to be 35 feet thick. It is a soft sdias clay of moderate 

plasticity site great stickiness. 
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H. Ries photo. View of works and yard N, Y. brick & paying co., Syracuse. 
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Experiments made with a sample of it showed that 28% of water 

was needed to work up the air-dried material, but in actual practice 

the clay is so moist when it reaches the factory that little water has 

to be mixed with it. The air shrinkage is 5%. At incipient fusion, 

which occurs at cone .05, the total shrinkage is 7%. Vitrification 

occurs at cone 1 with 11% shrinkage; this agreeing quite closely 

with the amount that takes place in the manufacture of the brick. 

At cone 3 the clay became viscous. 

The tensile strength of the air-dried briquettes ranges from 60 

to 70 pounds a square inch. The clay contains .55% of soluble 

salts. As the bricks are burned to vitrification these do not produce 

any harmful results. 

The bricks are molded either in a Penfield soft mud machine 

or in a stiff mud plunger machine, in which case they are re- 

pressed. ‘The works are equipped with a large number of drying 

tunnels, and both rectangular and circular kilns of the down-draft 

type. 

Samples of the product tested from time to time show a high 

crushing strength and very low absorption. 

Many of the streets in Syracuse are paved with brick from this 

factory. They have also been used at other places. 
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TERRA COTTA 

General properties 

The increasing tendency of architects to place considerable adorn- 

ment on the exterior of buildings has led to the extensive adoption 

of terra cotta as a cheap substitute for stone. 

The advantages ascribed to it are 

Durability , 

Cheapness 

Permanent color 

Resistance to fire 

lightness and strength. 

The term terra cotta is usually applied to those ornamental clay 

products for structural work which are more than 8 inches square. 

If the pieces are under this size they are called ornamental brick. 

Terra cotta objects should be burned to an even color, the pieces 

should be of regular outline and not show signs of warping, neither 

should they discolor superficially. The hardness should be above 

6 in the scale, that is, it should resist scratching with a knife. 

Terra cotta is seldom vitrified, but the slip covering the surface 

generally forms an impervious coating, and also serves to give the 

desired color to the ware. : 

At first the forms produced in terra cotta were comparatively 

simple, but improvements in methods and experience have greatly 

extended the possibilities of the material Among the more re- 

cent uses is to be mentioned its employment in columns and balus- 

trades. 

In the manufacture of balustrades the solids and voids should be 

made in the proper proportions to prevent warping and cracking 

of the ware in burning. 

The strength of terra cotta brackets has been well shown by the 

following experiments:? 

1 An important and instructive series of articles on ‘‘ Terra cotta in archi- 

tecture”’, by T. Cusack, has appeared in the Brickbuilder. 1898. p. 7, 55, 98,. 

142, 185, 230. 
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tta. N. Y. architectural terra cotta co. 

Plate 68 

Dry pan for grinding grog and clays used in the manufacture of terra co 

H. Ries photo. 
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A cornice modillion made by the Northwestern terra cotta co. 

was braced on a firm support, in a horizontal position, the portion 

which would project beyond the wall being free of course. At the 

wall line this modillion was 114 inches high, 8 inches wide on its 

face, and projected 2 feet. It carried a weight of more than 2 

tons without breaking. | 

A smaller modillion made by the New York architectural terra 

cotta company was similarly tested. It was 5$ inches high, 6 

inches wide at wall line and had a projection of 14 inches. Allow- 

ing the same thickness of shell (for these modillions are hollow), 

the second would have about half the sectional area, but more than 

half the projection of the first. It was loaded in a similar manner, 

and finally broke at the wall line under a weight of 2650 pounds. 

Another bracket made in the same mold was loaded with 2400 

pounds and sustained this weight without breaking. A slightly 

larger bracket made from a different clay was loaded with 3200 

pounds of pig iron without yielding. 

The relative resistance of terra cotta and stone to.fire was re 

cently tested in an interesting manner. Cubes of granite, sand- 

stone, limestone and marble, and terra cotta cubes of corresponding 

color were taken; all eight were placed in the hottest portion of 

the kiln. When thoroughly heated they were withdrawn, and 

the stone cubes allowed to cool slightly and then immersed in 

water, while those of terra cotta were plunged directly into water. 

The result is here given. 

Granite Cracked, and melted superficially 

Sandstone | Crumbled. | 

Limestone and marble Calcined 

Terra cotta Intact; two very slightly cracked | 

Terra cotta clays ? 

Staten Island. The clays mined for this purpose in the pits of 

B. Kreischer’s Sons have been mentioned under fire clays. 

In addition to that clay, much is also quarried by T. Ryan near 

Roseville. This is a sandy, somewhat ferruginous clay, and is 

1T: Cusack, Brickbuilder, Jan. 1899. p. 14. 
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one of those used by the New York architectural terra cotta co. 

It possesses the advantages of being very plastic, burning to a 

-deep red, with a very dense body at a comparatively low tempera- . 

ture. It took 33.70% of water to work it up. ‘The air shrinkage 

was 6%, and at .06, 9.5%. Incipient vitrification began at .03, 

with 12% shrinkage; complete vitrification was reached at 4. 

Viscosity at 6. The percentage of soluble salts contained in the 

clay was .25% The tensile strength showed a minimum of 75 

pounds and a maximum of 90 to the square inch. The clay slakes 

quite rapidly in water. 

Its composition is 

Bilioa tie 3% ek AaGertnde £1 cael ob 57.00 

Admin Meche: VeUsRUE atl a ae Soe Fe 29.20 

Merrie qxadn ieee ss Ouran ts, ae eee ee 4.80 

Talore... eer: Vd ee Stoke eee 65 

Mirvormoation Ad iat. sc inl OiRie le te. GOS Oct iis ist 

Allcabig ss, ) tae 0 Ue ae tae kode a 1.80 
Water. (0 ote. bun iad foc ee 6.10 

Lotali a. Sei sa eva ese wae 

Glens Falls. Two varieties of clay occur here in the pits of the 

‘Glens Falls terra cotta co., the upper being red, and the lower 

bluish gray. The composition is indicated by the following 

analyses. _ | 

yen: Red. 

PUTOR oe eas ork a, » Poon, does Cae, See ee 48.35 57.46 

PMTETINUIUE, 6 okon: lays “ss nats oda ne ge ee a ee 11.33 23.86 

i. <ts Aes iky's: Sn erm i ee IE 4.02 5.52 

PRATER oe i ot ip dite ea 4 a sk wk sla eee 15.38 3.65 © 

Magnesia 2c 34k eo PAP Ra 3.17 1.50 

Ovpamic matter 07.0) oC 1.18 rate 

Alkalis oN, TE i rr 6.05 4.72 
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The red owes its color to the higher state of oxidation of the 

iron; the lower percentage of lime is due probably to its having 

been leached out of the red clay by percolating surface waters. 

Elm Point, L. I. This clay was used for a time by the New 

York architectural terra cotta co., and also for stoneware, under 

which head it is described. | 

Terra cotta manufacture 

It rarely happens that terra cotta is made from one clay, it 

being usually found necessary to mix several different ones to get 

the best results. In addition to this a certain amount of sand or 

ground brick is added to prevent excessive shrinkage. 

The clay and fire brick are ground in a dry pan; and the mixing 

is done in a pug mill. The clay is then stored in bins till used; 

and before the clay is sent up to the molding room it is put through 

another pugging. 

A model is first made of every object to be constructed. For 

simple forms of straight outline this can be done with the aid of 

a templet. Thus, if a cornice is to be modeled, the ground form 

of the piece is constructed by putting together several slabs of 

plaster of paris; over these a mass of soft plaster is poured and 

[Sa = eee 

_ 

the templet is then run along the surface, the pattern of it being 

the same as the profile of the cornice. In the case of complicated 

or elaborate forms, the model has to be molded entirely or-in part 

by hand, requiring the services of a skilled modeler. When the 

straight edge and elaborated center of a panel or similar piece 

are desired, the latter is modeled, while the former is obtained by 
—— 

means of a templet. 

The model completed, a mold of plaster is next made from it. 

This is made of several parts, which are held together by an iron 

band, tightened with a wooden wedge. In filling the mold the 

soft, plastic clay is forced into all the corners, till it forms a layer 

about 2 inches thick all over the interior. The mold is allowed 

to stand for a short time, while the clay dries sufficiently to per- 

__- mit the parts of the mold to be lifted off, when the edges of the 
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object are trimmed off by means of a knife. Large objects such 

as a statue or column have to be molded in several pieces, a sepa- 

rate mold being required for each. Indeed extreme care has to 

be exercised not to make single pieces which are too large or too 

complicated, otherwise they would warp and crack in drying and 

burning. ae 

Drying of the wares needs to proceed with great slowness, and 

in the case of larger pieces has even to be retarded by keeping 

them covered with a damp cloth. The drying process is carried 

on in warm rooms; where, in some terra cotta factories, coils of 

steam pipe are laid under the floor. The shrinkage of terra cotta 

in burning and drying is commonly about ~y- 

Much terra cotta is covered either with a soft dull enamel, or 

glaze. ‘This is commonly applied by dipping the green ware into 

the glazing liquid, or it is put on by spraying. (pl. 77.) 

In the burning of the ware, simple forms.can be piled on one 

another in the kiln, but larger and more complicated pieces have 

to be set in between slabs of firebrick, to shield them from any 

pressure during the burning. Both coal and oil are used as fuel, 

the latter having met with success at the works of the New York | 

architectural terra cotta co. 

The color of terra cotta is either that of the body or is imparted 

by a thin coating of slip. The slipping of terra cotta is extensively 

practised, the advantages being that it makes the color of the clay 

when burned immaterial, since the color of the object is given by 

the slip coating. | 

According to the composition of the slip, the surface is dull, 

enameled or glazed. The composition of the coating must be such 

of course that the coefficient of expansion of the body and of the 

coating is the same, otherwise a crazing of the surface is sure to 

ensue. 

The temperature reached in the burning of terra cotta depends 

on the refractoriness of the clay. For calcareous clays the tem- 

perature seldom exceeds 2000° F., but when semi-fire clays are 
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Plate 76 To face page 763 

T. Cusack photo. 

Interior view of terra cotta kiln with burned ware ready to be removed. The slabs 

and blocks which form a scaffolding around many of the objects are to protect 

them against the weight of the pieces above. N. Y. architectural terra cotta co. 
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Plate 78 

Heh 
i: 

silafit if 
pa 
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i 

H. Ries photo. 

The bricks are overburned ones from the Hudson river district and the terra cotta was supplied by, 

Barnard college, New York. 
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employed, 2200° or 2300° F. are not infrequently attained. Even 

in such cases, not all the clays of the mixture are able to resist 

the latter temperature; in such cases those whose fusibility is 

below this point serve as the bond for the body, while the more 

refractory ingredients tend to preserve the form of the ware. 

At the present day the manufacture of terra cotta has reached 

so high a degree of perfection that the manufacturer who is thor- 

- oughly familiar with the behavior of his clays in burning is able 

to produce pieces of exactly the desired size, and of regular shape, 

which in their complete condition fit more or less perfectly to- 

gether. At the same time however a little trimming of the edges 

has to be done at times; therefore the burned ware is taken from 

the kiln to the fitting room, where the different portions of the 

design are placed together in their proper relation, in order to 

make sure that they fit as perfectly as possible. 

Terra cotta manufacturers are constantly endeavoring to pro- 

duce new designs and colors; while the handsome buildings of 

many cities attest their success. It is a common custom now to 

construct the first and perhaps the second story of a building of 

stone, and the succeeding stories of brick with terra cotta decora- 

tion; it therefore becomes necessary to see that the color of the 

terra cotta harmonizes with that of the other materials used. 

Terra cotta has thus come to be one of the most useful and durable 

of modern building materials; yet its use has become so wide 

spread that at times there seems to be danger of its being carried 

to an excess by some of its more enthusiastic advocates. In its 

place terra cotta has no equal, and if properly used will steadily 

grow in public favor. 

New York terra cotta industry 

The firms at present engaged in the manufacture of terra cotta 

in New York are 

The New York architectural terra cotta co., Ravenswood, L. I. 

B. Kreischer’s Sons, Kreischerville 

Glens Falls terra cotta co. , Glens Falls 

Corning brick and terra cotta co., Corning 
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The clays used are obtained wholly or in part from this state. 

The New York architectural terra cotta co. The factory is 

located at Ravenswood, borough of Brooklyn, and is the largest 

in the state. There are eight kilns. The product ineludes all 

kinds of architectural terra cotta, made in many different colors, 

either with plain or speckled surface. 

The clays are obtained in part from Staten Island, the balance 

from New Jersey. 

Among the many specimens of the company’s work may be men- 

tioned the new Delmonico building at 44 st. and 5 ayv., Colomial 

club, Fifth Avenue theater, all in New York city. 

B. Krewscher’s Sons’ factory is at Kreischerville, on Staten 

Island. The clays used by them come largely from Staten Island, 

while the product includes various colors of terra cotta. Much 

gray and white ware has been made. The terra cotta decoration 

on Barnard college, at 120 st. and the boulevard, is one of the 

products of this factory. (pl. 78) 

Glens Falls terra cotta co. at Glens Falls, N. Y. The factory of 

this firm has already been mentioned under the head of pressed 

_brick. ‘The same clays are used. The ware is either red or buff. 

Corning brick and terra cotta co. While the chief products of 

this factory are paving and building brick, some terra cotta is 

produced. 
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Plate 81 

C. Kreischer photo. 

To face page 764 

Terra cotta vase made at the factory of B. Kreischer’s Sons. Kreischerville. Side view. 
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Plate 87 

Roofing tile press, Celadon terra cotta co., Alfred Center. 

H. Ries photo. 
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ROOFING TILE 

Comparatively few roofing tile are made in New York state, 

nevertheless most of the product is of superior quality, and bears 

a national reputation. } 

Alfred center, New York. The works of the Celadon terra 

cotta co. are established at this point 2 miles from Alfred Station. 

The material used is a Chemung shale which is quarried along the 

highway, about 1 mile from the works. The quarry is located 

in a spur of the hill, and a practically inexhaustible supply of 

material is in sight. 

The roofing tile manufactured at this factory are of the inter- 

locking type, and are made in a number of different shapes. The 

color of the product is usually a rich shade of red; the body is 

vitrified. The works of this company began active operations 

about 1890; and since that time they have been gradually enlarging. 

The clay as it comes from the bank is first thoroughly crushed, 

in the dry pan, and passes from there to the pug mill, where it is 

perfectly mixed with water, producing a homogeneous, well tem- 

pered mass. This tempered clay is charged into an auger machine; 

and the bar of clay as it issues from the die is cut up into a num- 

ber of slabs. The slabs are put into the tile-pressing machine, 

where they are repressed in the form of roofing tile. The green 

tile are loaded on the cars and run to the drying tunnel, after leay- 

ing which they are set up in a kiln and burned. In placing them 

in the kiln, they are set on edge, and protected from pressure by 

means of fire brick slabs. The company has six kilns. 

These tile weigh from 750 to 1300 or 1500 pounds a square, the 

amount of tile required to cover a space 30 feet square, including 

overlaps. 

The product of this factory is to be seen on a number of build- 

ings in various states, but, as examples of their work in New York 

state may be mentioned the episcopal church at Ithaca, the high 

school at Tarrytown, the Erie railroad depot at Jamestown, and the 

Dairy building, Cornell university. 
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SEWER PIPE 

Clays used 

The qualities of clay required for this purpose are in general 

the same as those demanded for any ware with a vitrified body. 

They should therefore be sufficiently plastic to permit molding 

without cracking; a high tensile strength, while desirable, is not 

absolutely necessary. Many clays used in the manufacture of 

sewer pipe have a tensile strength as high as 125 or even 150 

pounds a square inch, while on the other hand shales are used 

whose tensile strength when ground to 30 mesh is not over 

90 pounds a square inch. ‘The clay should burn to a hard, 

dense, impervious body; the amount of iron in such clays or shales 

is usually sufficient to color it a red, or deep red. The drying 

should be rapid, and the ware should not warp or crack in drying. 

Owing to the thinness of the body, sewer pipe may be burned more 

rapidly than paving brick. | 

An excess of fluxing impurities may render a clay so fusible that 

in burning it softens and loses shape. It is a very common prac- | 

tice to use a mixture of clays, the one being fusible to form a bond 

in burning, the other more refractory to preserve the shape of the 

ware. | 

Sewer pipe are usually glazed by means of salt, thrown into the 

fireplaces when the temperature of the kiln is at its highest, the 

vapors, passing through the kiln and uniting with the silica and 

the alumina of the clay, forming a glaze over the surface of the 

ware. The following is the reaction which occurs: 

NaCl+ H,O—HCI+Na OH. 

Na OH+nSiO—NaO-+nSi0,H,0. 

Glazing requires one to two hours; some manufacturers add 

manganese to the salt in order to produce a glaze of the proper 

color. An excess of silica in the clay seems to be detrimental to 

the formation of a good glaze. 
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Manufacture of sewer pipe 

If a shale or very hard clay is used the material is first ground 

in a dry pan, after which, or directly, if soft clay is used, the 

material is put into the wet pan, or chaser mill, either of which in 

a few minutes tempers a charge of clay ina thorough manner. This 

method of tempering is far more thorough and quicker than the 

work of a pug mill, though requirmg more power. 

The tempered clay is usually conveyed to the upper floor of the 

factory by means of bucket elevators, where it is delivered to the 

sewer pipe press. This press consists of two cylinders, an upper 

steam cylinder and a lower clay cylinder, the ratio of their diam- 

eters being most often as3 to1. The steam cylinder has a diameter 

of about 40 inches; the piston of the steam cylinder is moved both 

upward and downward. 

The clay cylinder is filled with clay; and the piston then forced 

downward by the piston of the steam cylinder above, the pis- 

ton rod of the two being continuous. This forces the clay out 

through a specially constructed die at the lower end of the clay 

cylinder. Inside of the cylinder at its lower end is the bell, which 

regulates the internal dimension of the pipe. The clay pipe issues 

from the press till of sufficient length, when the machine is stopped, 

and the pipe cut off, and removed to the drying floor. The cutting 

off of the clay pipe takes place close to the mouth of the die either 

by means of a wire or an automatic knife edge set within the die. 

The drying of the pipe is often done on slatted floors, or at other 

times on solid ones, in steam-heated rooms. The small diameter 

pipe can be dried comparatively fast, but the large ones must be 

dried very slowly. 

Sewer pipe are usually burned in down-draft kilns, from 16 to 

25 feet in diameter. (pl. 97) The pipes are set on one another, 

and when they are of several sizes can be nested. 

Sewer pipe should be free from blisters, cracks and other defects, 
and should be straight. 
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H. Ries photo. 

Plate 97 To face page 768 

Circular down draft kiln, J. Lyth & Sons, Angola. 





Plate 98 To face page 768 

Circular down draft kiln for burning sewer pipe and drain tiles. J. Lyth & Sons, 

Angola. 
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Elbows and Y’s are made by molding the clays in plaster molds; 

or in the case of Y’s and 'T’s, straight pieces of pipe are sometimes 

trimmed to fit together in the desired shape and the parts cemented 

by slip. Such complicated pieces need to be dried more slowly. 

Sewer pipe are made from 2 to 24 feet in length; the diameter 

ranges from 3 to 30 inches. 

New York sewer pipe wndustry 

Angola. John Lyth & Sons. The works are situated along the 

Lake Shore railroad some few hundred feet southwest of the sta- 

tion. The material used is the Portage shale, of a gray color and 

containing streaks of bituminous matter. It is mined about 200 

feet east of the factory. A small blast serves to loosen a large 

quantity of it. A part of the bank is roofed over to protect the 

workmen in winter. Cars drawn by horses convey the shale to 

the dry pans, where it is ground to a fine powder and then farther 

ground with the addition of water in a wet pan. The tempered 

material is carried in a bucket ladder to the upper floor of the 

building, where it is fed into the sewer pipe press. 

The composition of the shale used at Angola is 

Bilgatten, 2 Var ASS ea oe tad hale 65.15 

(a eed oa A I Re I ae 15.29 

1S EG aS ie 1)". 6.16 

os hg cage ee 0 3.50 

ee lea ie etic,” Les earn Bt 

I fn Ne wd ww as ct 

97.38 

At the present time hollow brick and terra cotta lumber form 

the chief product of the factory. 

Rochester. Otis & Gorsline use a mixture of New Jersey fire 

clay and Quaternary clay obtained from Chili, near Rochester. 

The method of manufacture followed by them is very similar to 

that at Angola. Rectangular kilns are however used for burning, 

which takes about one week. 
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Sewer pipe are also manufactured at Albany and Troy but from 

New Jersey clays. 

Drain tile 

A clay that is capable of making good building brick will 

usually make a good drain tile. That is to say, a plastic clay 

and one that will burn to a tough product. Unlike bricks, tile 

may be somewhat porous in its character. It is of importance 

that the clay should be thoroughly tempered before molding. 

The latter is, in most instances, done with some form of stiff mud 

machine, the clay being forced out through a die of desired pat- 

tern; the cylinder of clay as it issues from the machine is cut 

up into desired lengths. Drying is sometimes done on pallets 

such as are used for common brick, or it may be done under in- 

closed sheds. The drain tile should be thoroughly dry before 

being set in the kiln. Burning is done in ordinary scove-kilns, 

clamps or down-draft kilns. The smaller tile are set in the lower 

portions of the kiln and around the sides, while the larger ones 

are set in the center. Very often when several sizes are burned 

at the same time they are nested, the smaller ones being set within 

the larger. | 

The dimensions of cylindric tile usually run: 

Diameter Length ' Weight by piece 

2 inches 13 inches 3% pounds 
3 a4 14 a4 6 <4 

4 é< é¢ ‘“ 9 Tease 

5 a4 94 74 ai 8 (T9 

6 é< ‘c 66 94 <4 

g ae < (14 30 (73 

The styles of drain tile made are as follows: 

Horseshoe tile, having cross-section shape of a horseshoe — 

Sole tile, cylindrical with a flat base 

Pipe tile, plain cylinder 

Flange tile, like the preceding but with the flange at one end 
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It is considered by many that the best form of tile is the sole 

tile with an egg-shaped section having the smallest diameter across 

the bottom, which keeps the water collected in the smallest possible 

space and secures a good current to carry off the sediment. The 

horseshoe tile is objected to, as it is liable to break from the 

lateral pressure of the soil. In Westchester co. glazed sewer 

pipe are generally used for draining the soil, but it is doubtful 

if there is any special advantage to warrant the use of this more 

expensive material. In size the tiles range from 2 to 12 inches 

in diameter and 1 to 2 feet in length. They are laid at varying 

distances below the surface, according to the depth the ground is to 

be drained. A drain is said to draw water from the soil on either 

side for a distance of from 30 to 100 feet, according to depth of 

drain and character of soil. 

The following firms in this state are making drain tile. 

Albany, Albany co. The New York state drain tile works are ~ 

large producers. The drain tile are made in numerous sizes. 

Hudson river clay is used. Front brick are manufactured. 

Chittenango, Madison co. Central N. Y. drain tile and brick 

co. Only tile manufactured at present. The plant is situated 

about 1 mile from the New York Central railroad, and three 

quarters of a mile from the West Shore railroad, a few rods south 

of the Erie canal. The clay bed les at the foot of the hill. There 

is no stripping, and sand underlies the clay. The tiles are made 

with horse power machinery, dried under sheds and burned in 

down-draft kilns. 

Allenshill, Ontario co. B.G. Abbey’s are the only works here. 

Few brick have been manufactured for several years, as drain tile 

is the chief production. After stripping a few inches of soil 

the clay is mixed from top to bottom of the bank for use. The 

bank is 20 to 25 feet in hight, and the clay is blue in color, be- 

coming reddish gray near the surface. A small amount of coal 

dust is added to the clay. The tiles are made of various sizes. 

East Bethany, Genesee co. B. F. Peck manufactures brick and 

drain tile. The clay deposit worked is a portion of a strip 1 to 
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2 miles in width, extending east and west across Genesee co., 

a few miles north of its southern boundary. ‘The clay is usually 

covered with a thin layer of clayey loam. Mr Peck has about 

50 acres of clay of sufficient quality for making bricks and tile. 

It averages about 4 feet in thickness. The upper portion when 

dry is nearly white, but becomes blue with the depth, and below 

4. feet is very much so. It is, also tough, coming up in hard 

flakes of a stony nature. Below this it passes into the shale, hard 

enough to resist the pick but crumbling on exposure. The last- 

mentioned rock is said to contain calcareous layers, varying in 

thickness from 1 to 6 inches. About 250,000 feet of drain-tile 

is annually made for local use. The clay burns to a nice red in 

the drain tile, deepening to brown when burned harder. The 

machinery is run by steam power. | 

Owasco, Cayuga co. A. Lester’s clay bank and brick yard are 

located in the north end of Owasco village on the bank of Owasco 

creek. The clay deposit has an area of about 9 acres and is from 

10 to 15 feet in thickness. Gravel overlies the clay in places. 

Soak pits are used for tempering, and a Penfield plunger machine 

for molding. The tiles are dried in an open shed and burnt in 

scove-kilns. Drain tile is the chief production but a few bricks 

are made. ‘The color of the product is white. 

Other manufacturers of drain tile, whose works have been al- 

ready mentioned in the detailed account of brick yards, are: 

William Davenport, Fonda 

C. Stephens, South Bay 

Rochester brick and tile manufacturing co., Rochester 

A. Mosell, Lockport 

James Sigler, Clarkson 

J. EK. Mecusker & Son, Jamestown 

B. G. Abbey, Allenshill 

J. B. Lowe, Bigflats 

P. Hayne, Goshen 

Clark & Sons, Union Springs 
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HOLLOW BRICK, TERRA COTTA LUMBER, FIRE- 

PROOFING. 

The first term is generally applied to large hollow bricks of 

more or less rectangular shape, having cross partitions. They are 

made either of brick clay or semi-fire clay, the latter being the 

better if protection against fire is desired. The term terra cotta 

lumber is specially applied to bricks of this class made of a mix- 

ture of clay and sawdust, so that in burning the sawdust burns 

out, leaving the body of the ware porous. 

The shape of these bricks is quite variable, and can best be 

judged by reference to plate 103. They are used for the construc- 

tion of floor arches, partitions, flue linings, and for wrapping 

around steel beams and girders. They are also used at times as 

foundation blocks in buildings, in which case, the brick are salt 

glazed to prevent absorption, if the body of it is not vitrified. 

One of the purposes of these bricks is to combine lightness and 

strength, in addition the hollow spaces serve as nonconductors 

of heat. 

When used for fireproofing purposes, the product should be 

such that it will resist any heat to which it might be exposed in 

ease of fire, and when heated it should be able to withstand a 

. stream of cold water without sphtting off or cracking. It is for 

the latter reason that hollow bricks used for fireproofing should 

be made from a semi-fire clay, and should not be vitrified. 

Hollow brick are manufactured at a number of places in New 

York state; the material used is in some cases shale, in other cases 

clay. They are molded in the same kind of press as sewer pipe. 

Reference to plate 102 will show the style of die employed. 
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FLOOR TILE 

Tiles made of burned clay are now used to a large extent for 

flooring as a substitute for marble and slate, for the reason that they 

are often more durable, wear more evenly, are harder, and can be 

made in a greater variety of colors and shapes. 

While floor tiles are made in this state, in the city of Brooklyn, 

yet most of the materials used in their manufacture are obtained 

from other states. 

In floor tile of a solid color, the tint extends through the tile 

from the face to the back. In “ encaustic tile” the pattern or face 

color is only about 33; of an inch thick, while the rest of the tile is 

made of a different kind of clay. 

Floor tile are made by the dry press process, and, like dry press 

brick, are exposed at times to the danger which accompanies this 

method of molding, viz cracking of the green tile with the ex- 

pansion of the imprisoned air. When se pressed, this does 

not happen. 

It is highly essential that the composition of the body should 

be such that the ware will both dry and burn without cracking or 

warping. The temperature attained in the burning of these tile 

depends naturally on the nature of the clay, but it often reaches the 

melting point of feldspar, as this material is used to a large extent 

to aid in the vitrification of the body. | | 

Tiles are open to the same trouble from efflorescence, due to the 

presence of soluble salts in the clay, as other clay products, and the 

trouble has to be corrected in the customary manner with barium. 

Another method of preventing the formation of these coatings 

on the surface, is to coat the face of the tile with petroleum or tar 

so that the evaporation in drying can take place only from the back 

of the tile. (Langenbeck’s Chemistry of pottery, p. 154) In the — 

firing, this coating of oil or other material burns off, without having 
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CLAYS OF NEW YORK 775 

done any harm. The soluble salts may also get into the clay from 

some of the materials used to color the tile artificially, umber, for 

example, being seldom free from sulfate of lime. 

_ Floor tile should be burned to a condition of great density, in 

order that they may not absorb water, nor permit the entrance of 

dirt into their pores, rendering their cleaning more difficult. 

Langenbeck (Chemistry of pottery, p. 156) gives the following 

percentages of water absorbed by floor tile of different colors. 

Water absorption of floor tile 

Color of the clay Extremes Averages 
SSSUING Hee ee ats oe 3 outa: Lao aso 5 E o.8 

iE 2g hee oN 1a Ys G3 ge 4.6 

Light pee se oo vg ee s res aR eae 
lar le (Mts bin osteo s S088) Y 6 2 2.0— 5.8 4.4 

Chocolate....... et Bue ae Rate 0.0— 7.4 4.8 

BG. Uy anne he ea hag ke ar 1.5— 8.4 6.0 

Hack ree on ba ea eS FRE SR 
Lg, gre 1 ane GN ee Whe pny A Me a en 8.3 

In the manufacture of encaustic tile, the clay that is to form the 

surface of the tile and give the pattern is‘charged into the mold 

first, while the clay that makes up the body is then put in on top 

and the whole subjected to pressure in the machine. The molds 

can be filled by machinery when the color of the tile is solid. 

With encaustic tile the molds have to be filled by hand. Where 

the pattern is made up of clays of several different colors, a frame- 

work of brass strips, so arranged as to mark the boundaries of each 

color is first set into the mold, thus dividing it up into cells. Into 

each of these the color is charged by means of a small hand scoop, 

till every cell is filled with the color whose boundaries it incloses. 

The framework is then withdrawn from the mold, and the latter 

filled up to the top with the clay that forms the body of the tile. 

It is essential that the clay forming the face and that which 

‘serves as the backing should have the same expansion, otherwise 
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" DECORATIVE TILE 

While many of the tile mentioned under the previous head could 

be classed under this one, at the same time it applies more directly 

_ to those tile which are not only glazed, but also often ornamented 

with raised designs. They are used to a large degree for wains- 

cotting, mantels, soda water fountains, etc. 

There is but one factory in this state engaged in the manu- 

facture of glazed tile; that is the Tarrytown porcelain tile co.’s at 

Tarrytown. 

Glazed tile are made by the dry press process. The color of the 

body is generally white. The relief of the surface is often very 

prominent, and over this there is usually a heavy coating of colored 

glaze, the variation of the glaze in depth being depended on to 

bring out the decorative effect, as those portions over which the 

glaze is thickest appear the darkest. Glazed tile should show the 

same freedom from warping in drying and burning as those pre- 

viously described; and in addition the glaze should be free from 

eracks or crazes, pin holes and bubbles. . 

Sometimes colorless glazes are used, at others a tin glaze imparts 

a white opaque covering to the tile. For other colors the oxids of 

cobalt, nickel, copper, chromium, manganese, iron or uranium are 

used according to the colors desired. 

Methods of decoration. 

These have already been referred to in part under the descrip- | 

tion of the methods of manufacture. 

While the use of natural clays permits the production of a con- 

siderable range of colors, nevertheless these fall far short of the 

ambition of the ceramic chemist and the demands of the architect. 

As the use of artificial coloring materials is often expensive, the 

color decoration is applied to the surface of the ware only, instead 

of allowing the design to extend through the body. 
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Slip decoration. A slip of coloring material is sometimes applied 

to the tile either in its burned or unburned condition. The latter 

can be done in all cases but the former only in certain ones; its use 

on dry pressed green tiles being among the impossibilities. Before 

slipping the surface of the tile, it is cleaned with a brush or blower; 

then it is dipped into the slip. The water of the latter is absorbed, 

while the insoluble constituents remain as a thin coating on the 

surface of the tile. If the glaze is to be extremely thin, it is some- 

times sprayed on, as is done in the case of terra cotta. The slip is 

best applied with a brush in the case of raised surfaces or where each 

color occupies only a portion of the surface of the tile. 

The usual method of decorating encaustic tile has already been 

mentioned in connection with the molding process. A second 

method is to pour the powdered clay for the different colors into 

depressions stamped in the face of the tile; while a third consists 

in painting the design by hand on the surface, or printing it on. 

The painting can be done on either the glazed or unglazed tile, 

while the printing can be impressed only on the burned material, 

either under or over the glaze. | 

Painting can be done either on the green tile or on the burned 

ware either before or after glazing. | 

Painting the green tile. The color is applied by means of 

brush, the portion to be colored being outlined by means of a lead 

pencil if the tile is flat, but with a relief-surface this is not neces- 

sary. The design may also sometimes be painted by means of a 

stencil. 

If several colors are to be applied, great care should be taken that 

the different ones shall not overlap. The color, instead of being 

applied with a brush, is sometimes poured on. The painting on the 

unburned glazed tile is done in a similar way. 

If the design which is being painted on the tiles is very large, 

it is essential that the tiles shall be placed together in order that 

the lines of color on adjoining tiles may fit together. 

Painting on the burned tile. This can be either over or under 

glaze. In the latter case of course the glaze mut be transparent; 
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for this purpose, only hard fire or underglazed colors can be used 

(Diimmler Ziegel Fabrikation. p. 95). In producing definite and 

distinct colors the composition of the glaze exerts as much effect as 

the character of the coloring material. It is therefore highly 

essential that the colors used shall always be of the same compo- 

sition, be ground to the same degree of fineness, and burned at the 

same temperature. If new glazes or colors are used, they should 

first be tried experimentally. In the process of burning, the glaze 

may or may not exert action on the underlying coloring material. 

In some cases the color will dissolve in the glaze, in others it will 

only become suspended in it, but in the latter cases the shades are 

not often soft, and the change from one color to another will be 

sudden. If on the other hand a color is easily soluble in the glaze, 

there is the danger that it may run, causing the design to be 

blurred. In order to prevent this, the coloring materials are gen- 

erally combined with others, so that compounds of the spinel type 

are obtained. | . , 

To prevent hard colors several devices are employed, such as 

substituting for a portion of the coloring material a slight amount 

of arsenic, or placing a little arsenic in the kiln. This method is 

most advantageously employed when cobalt colors are used. 

In addition to underglazed painting, slip or engobe decoration is 

used. This consists in applying white or colored clay paste to the 

white or colored tile. | 

The body can also be colored by dipping it into hydrochloric or 

acetic acid solution of the coloring metallic oxids. In this case the 

product is to be once more subjected to a slight ignition. 

In slip painting the slip is made of a mixture of the powdered 

tile glaze and metallic oxid or underglaze colors. These decorated 

pieces are dried and burned at the temperature of the melting of the 

glaze. The whole is then covered with a thin coating of glaze and 

burned once more. If the slip contains 50% or more of glazing ma- 

terial, the second glazing operation is not necessary. 

. Overglaze decoration requires strongly coloring oxids which are 

mixed with some easily fused material, and rubbed together with 
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oil. Such colors are very susceptible and hence have to be burned 

in mufiles. They are also strongly influenced by the degree of 

temperature to which they are subjected, and hence the different 

colors are often burned separately, those standing the highest tem- 

perature being applied and burned first, and those most affected, 

last. This method of decoration requires repeated burning, but it 

permits a variety and richness of color not attainable in under- 

glazed work. 

In preparing these colors, it is highly essential that they be 

ground as finely as possible, and underglaze colors are generally 

mixed with water before being applied, the porous body of the tile 

absorbing the moisture and causing the color to cling to it. If this 

does not happen, the color must be mixed with oil, in which case the 

ware must be fired lightly at first, to burn it off. 

At the present day, where a number of tile with the same 

design are made, the design is applied mechanically. This is 

~ effected by a process of printing, the pattern being printed on paper 

from a plate and this transferred to the tile. Usually but one 

color at a time can be printed on the paper. But in more recent 

years it has been found possible by a process of chromolithography 

to print several colors on the ware at once. 
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FIRE CLAYS 

Definition. Strictly speaking the term fire clay can be said to 

include those clays which are able to withstand a high temperature. 

Regarding the condition of the plasticity, the shrinkage in drying 

and burning, the texture, and color, no fixed rules can be laid 

down; for, except in refractoriness, fire clays show a wide variation 

in physical characters. 

Refractoriness. The degree of temperature which a fire clay 

should be able to withstand without fusing has not been entirely 

settled in this country, but in Europe, specially in Germany, a clay 

is not considered refractory unless its fusing point lies above 

2700° F. 
Nevertheless many of the clays denominated fire clays which 

are marketed in this country are not up to this standard, while 

others are far above it. The color of fire clays varies, but they 

are not infrequently colored bluish gray, gray or black by organic 

matter. Some of those mined on Staten Island are pure white or 

yellowish white, but at the same time they are highly refractory. 

Fire clays are divisible into two groups, the plastic, and the non- 

plastic or flint clays. The former sometimes occur in the form 

of hard shales which become plastic on grinding and mixing with 

_ water, whereas no amount of grinding renders the flint clays more 

than very slightly plastic. The latter are not found in New York 

state, but occur abundantly in Pennsylvania, Ohio, Kentucky, 

Missouri and one or two other states. 

In chemical composition the flint clays stand close to kaolinite, 

and at times even exceed it in the percentage of alumina which 

they contain. (See Kaolin, p. 503.) Flint clays vary in color, 

being gray, black, brown or even yellowish. The iron contents 

of the bed are generally collected in concretionary masses. In 
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many Pennsylvania mines there often occurs considerable iron 

oxid, and iron carbonate, which are known as ore-balls.* The iron 

oxid concretions are generally near the surface, while the iron car- 

bonate is confined to the interior of the bank. In the mining of the 

clay, these concretions have to be picked out. This collecting of the 

iron by natural processes has therefore served to purify the clay 

mass; where it has not taken place the material loses its value as 

a refractory clay. Flint clays are hard, they lack plasticity, have 

a conchoidal or shell-like fracture, and sometimes a very faint 

luster. At times they occur in beds interstratified with other rocks, 

or again they may occur as basin-shaped deposits, in which case 

they seem to have been formed by chemical precipitation. 

The color of a fire clay is an indication of its refractoriness only — 

to a limited extent. Many fire clays are bluish in color, while 

others are light gray or yellowish white. A given amount of iron 

will color a sandy clay more strongly than a less silicious one; the 

same is true of organic matter. The latter might even mask the 

color of iron. The condition of oxidation of the iron would also 

cause a difference in color, ferric compounds being red or yellow, 

while ferrous ones may be blue or gray. 

Whatever the color of the fire clay in its unburned condition, in 

the fired state it is always buff, unless vitrified, when it may be- 

come red. 

The refractoriness of a fire clay is dependent almost entirely 

on its chemical composition. It can be said in general that the 

more powerful fluxing impurities, such as ferric oxid, lime, alkalis, 

and magnesia should not exceed 1% if possible. Many fire brick 

manufacturers do not seem to recognize the fact that silica acts 

as a flux at high temperatures. 

The recent experiments of H. O. Hofman tend to indicate that 

in the case of fire clays at least the size of grain has no effect on 

the fusibility of the mass. The tests which he carried out are 

described under “ Fusibility of clays” p. 563. 

1 Annual report Pa. state college. 1897. p. 52. - 
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The following figures indicate the fusibility of several well 

known American fire clays, the fusion points being expressed in 

terms of Seger’s cones. For comparative purposes the refractori- 

ness of several standard European clays are given.’ 

1 Kreischerville, N. Y. white clay ...........4.. Akos 35+ 

2 St Louis, Mo. Christie raw clay ........ ic Rae ee Ola 

een OL gw eee RSE lie et A Oak ped aa 32-31 

See eared Oo i. uated ete Wiel ee ners ee ee 33 

® Mt Savage, Md. (hard) ........... Cink en 3 eae ee) 84-35 

mS -payrevitle,N. J... ss... - «ONES ei ae eg 

Refractory clay products 

Fire bricks. These are the commonest fire clay products, since 

most of the refractory clay mined is used for this purpose. They 

are utilized in many different ways; consequently not only the 

_ shape but also the quality varies. In certain cases the brick has 

to withstand high temperature, in others corrosion by molten ma- 

terials, while again in other situations resistance to abrasion 1s 

required. 

The bricks set in the upper part of a blast furnace must resist 

abrasion, those in the boshes must resist corrosion, and the same 

condition must be complied with in glass pots. 

An idea of the number of shapes and sizes of fire brick manu- 

factured can be gained from the statement that one large steel 

company in this country uses 200 different ones. 

Many fire bricks are used for lining coke ovens. For such ser- 

vice it is highly essential that they be able to withstand sudden 

changes of temperature and not crack when the coke oven is 

watered down after burning. The degree of heat which such 

brick are subjected to is not very high. None are made in New 

York state. 

1 No. 1 tested by the writer. The others by H. O. Hofman, Trans. Amer. 
inst. min, eng. 25: 14. 
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Other refractory articles are locomotive and steamboat tile, steel 

runners, sleeves, nozzles, crucibles, stove linings, glass pots, gag 

retorts, tuyeres, rolling-mill tiles, hexagon stove shapes, grate backs 

and stove linings. 

In addition to fire bricks made from clay alone, several ane 

types of refractory bricks are recognized. 

Dinas brick are made of about 97% silica and 3% of some material 

such as lime to bind the grains together. | 

Silica brick is practically another name for the above mentioned. 

Ganister is a refractory silicious rock which has about enough 

clayey matter to hold it together when wet. 

Magnesite bricks are ie of magnesite, the carbonate of mag- 

nesia. 

7 Manufacture of fire brick 

_ Fire brick are commonly made of a mixture of clays, to which is 

added a certain percentage of ground fire brick or burned clay, 

and sometimes sand. If the clay is in the form of shale, it is 

commonly ground in a dry pan, and the old brick which serve as 

grog are treated in the same machine. 

The different ingredients are often charged into a large ae one 

layer over another, and the whole mass thoroughly soaked with 

water. When sufficiently soaked the mixture goes to some form 

of pug mill, in which it becomes more thoroughly mixed. 

In some works the clay is tempered in a wet pan, which for flint 

clays has to be of more powerful construction than for shales. 

The molding of fire brick is ordinarily done by hand in wooden 

molds, though a minority of fire-brick manufacturers use stiff mud 

or soft mud machines. | 

The machine-made fire brick meet objectors who say that their 

density reduces too much their resistance to alternations of tempera- 

ture, and the lamination imparted by stiff mud machines is also 

brought forward as an objection; but, as fire brick clays are often 

less plastic than many used for common or front brick, the lam- 

inations are less pronounced. 
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Fire brick when molded are commonly set on the floor to dry — 

for a few hours, after which they are repressed. 

They are then loaded on cars and sent to the drying tunnels. 

(See description under Drying of bricks, p. 668) The rapidity with 

which the drying can be carried on depends on the porosity of the 

clay, its plasticity and the size of the molded object. 

‘The burning of fire brick is done either in up or down-draft 

kilns, of either circular or rectangular form. 

Behavior of refractory brick when heated 

In some experiments recently made by J. D. Pennock’ to deter- 

mine the heat conductivity, expansion, and fusibility of refractory 

brick, bricks made of Grecian magnesite, American magnesite, © 

silica brick, and coke oven tiling made in Belgium, were used. 

In the charts and detailed figures given by Mr Pennock it is 

shown that the Grecian magnesite conducts heat the most readily, 

the American next, then the silica brick, while the coke oven brick 

is the poorest conductor. The poor conductivity of the coke oven 

brick is thought to lie in its purity and density. 

Expansion tests of fire brick 

PSptIo” poy zinct 
Inch Inch 

a I AR gin 8 Bs 

- Re eee aa, ha) 07 At 

American magnesite . ........... .067 .10 

ti Prise aibet Ne NY. ie, « O57 .088 

SRST 1 er 05 O76 

es PME alk alte ip 5. 05 .076 

The expansion test was made by supporting a core of the brick in 

a horizontal position. One end was against a support and the 

other against a movable lever. The core was heated by means of 

burners placed underneath. 

1 Trans. Amer. inst. min. eng., September, 1896. p. 263. 
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Analyses of fire brick used in above tests 

ianendiite:  aimeneaitet anaes he a 
SIO) ov Lense.) G60) 9) Bn rn rr es 
Fe O25 NOe Oi 12 4. 6 (BAe ee one tte 
CaO isi. vcs ae! 420 re DTA 
MgO... js0u. 1)0308 8 ieee .19 ag 

— —— —_— —- ——_——_ — —_— - —————- 
ee — ————$——— =| —— - 

The specific gravities and weight to the cubic foot were: 

Specific gravity of fire brick 

Specific Weight a 
gravity cubic foot 

Pounds 

Greerame ) Se ae PL ane 3.54: 17s 

American®.) fe. Gee yt: 3.44 160.9 

Coke oven ‘ting 3) 225 Rear 2.56 109.9 

Siliea: briek (04.45 Pe a ee Oe 11a: 

Glass pot clays 

Glass pots are made of a special grade of refractory clay, whose 

necessary qualities are given below. While no glass pot clays are 

‘found in this state, still many of the glass factories in New York 

obtain the raw clays elsewhere and make the pots at their works. 

Great care has to be exercised in their manufacture; not only must | 

the clay be thoroughly weathered, but the molded pot must be 

free from the slightest cracks and exhibit a homogeneous structure 

_ throughout. 

Requisite characters. A clay, in order to be suitable for the 

manufacture of glass pots or blocks for tank furnaces should con- 

form to the following requirements: 

1 Sufficient refractoriness to withstand the highest heat used 

without changing form 

2 Great plasticity, such that the addition of 50%-60%@ of grog 

will not affect it appreciably 

3 In burning, density at as low a temperature as possible 

A clay is generally considered sufficiently refractory for making 

glass pots if its fusion point is the same as that of cone 30. It 



Plate 111 To face page 786 

H. Ries photo. 

Entrance to fire brick kiln which has been opened up at the end of the burning. 

B. Kreischer’s Sons, Kreischerville. 
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should also burn dense at so low a temperature that when grog is 

added the heat will not need to be raised too much in getting the 

required density. The addition of grog will raise this point to an 

extent depending on the amount added. Thus the temperature 

of densification of a mixture given below is the same as cone 5, 

while that of the clay is cone 1. If now a clay is used as binding 

material which sinters at high temperature, the temperature at 

which the mixture becomes detise will be so high as to make its 

burning difficult. 

In judging the tensile strength, the size of the grain ‘of grog must 

be considered, as also the relation in which the different sized 

grains are mixed, but no fixed rule can be laid down for the last 

point. In the grinding of grog both a powdery product and angu- 

lar grains are obtained, and practice has shown that it is desirable 

to add both of these to the clay, since, if the grains alone were 

added, the mixture would show a tendency to crack. 

The following mixture is one given by E. Cramer (Thonindus- 

trie zettung. 1897. p. 47): 100 parts by weight of clay and 120 

parts grog. On a sieve of 10 meshes to the square em the grog 

left no residue, but 20% remained on a 60 mesh sieve, and 12% on 

one of 120 mesh, 24% on a 900 mesh, 30% on a 5000 mesh, and 14% 

went through. 

The investigation of glass-pot clay is confined to a determination 

a plasticity, shrinkage, temperature at which the clay becomes 

dense, fusion point, and chemical composition. 

Clays fulfilling all these conditions satisfactorily are rare in 

the United States. They are thus far known in only a few regions, 

being found in Missouri and in small quantities in Ohio and Penn- 

sylvania. In Europe they occur at several localities, in Germany, 

Belgium, Bohemia, Russia, England, France, and Scotland. 

Large quantities of the German and Belgian glass pot clays are 

annually exported to the United States’. 

1¥For information concerning the properties of some of these European: 

glass pot clays, see Report on kaolins and fire clays of Europe. 19th ann. rep’t 

U.S. geol. sur. pt 6. 
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New York fire clays 

f Though there are several fire brick factories in the state, all with 

one exception obtain their clay from New Jersey. The New Jer- 

sey fire clays, which are of Cretaceous age, extend in a belt across 

New Jersey and over on Staten Island, and it is at the latter locality 

that the refractory clays of New York state occur. The fire brick 

factory of B. Kreischer’s Sons is located on the southwestern shore 

of Staten Island at Kreischerville.® They manufacture fire brick, 

cupola brick and gas retorts. Most:of the clay used is obtained 

from Staten Island, and the rest from New Jersey. Many open- 

ings have been made in the vicinity of Kreischerville. The deep- 

est one made was opposite Kilmeyer’s hotel. The clay from it was 

used for fire brick. It is tough, of a whitish color and mottled with 

yellow, but its thickness is not very great and there is 15 or 20 feet 

of stripping. This pit has been abandoned. Southwest of it is 

another pit, but in this the clay, as first exposed, is of a more sandy 

nature and overlain by about 4 feet of sand. It was bluish in 

color and was chiefly used for mortar. In recent years, however, 

this bank has been strongly drawn on and is now of considerable 

size (pl. 105). The clay consists of an upper 4 feet of bluish 

clay, stained here and there with iron, while under it is a less sandy 

variety. Another opening was made near the shore some years 

ago, known as the “ Wier bank”. The material obtained from it 

was a stoneware clay, and in this pit the clay as exposed in 1892 was — 

10 feet thick, and is overlain by horizontally stratified fine — 

Since then the bed has been worked out. 

In the spring of 1897 a small pit was opened just north of the 

old one opposite Kilmeyer’s hotel. The clay found in this opening 

is white and extremely refractory. It is also sandy in places, ‘so 

that two grades are obtained known as no. 1 white, and sandy white. 

The white clay when mixed with water gave a moderately plastic 

and somewhat tough mass. 38% of water was necessary to temper it. 

The air shrinkage was 10%; the air-dried briquettes had an aver- 
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age tensile strength of only 11 pounds to the square inch, with a 

maximum of 14 pounds. In burning the total shrinkage up to cone 

12 amounted to 18.7%; the color was whitish. At cone 34 in the 

Deville furnace the clay showed no sign of fusion whatever, and 

is therefore highly refractory. 

A mechanical analysis yielded: 

Leah Ndi trl cathe a r 97.66 

Silt, very fine sand, fine sand ...... ees 2.00 

99.66 

The composition is: 

RR ere et re Pee sc sate ae we Ge 47.40 

(oo El ine: £os Rage, aoldlel eat ie aid ia eaeRe 39.01 

© ELL ate Bi actag ih ISSA de aha i I el aces ener 15 

Be Bl ya x Be ie es ead ela eel lg citaie oth tr 

MINE, ooo. aw gle ob a 2x5 on Ur cat ees ae peat tr 

|B NERS ea A Soa ad SE Ei Bilas aie gal ats tr 
pic nos HSNASCURIEN SNES 1 SS A aS A 0 daa Oe ane 14.10 

NNT eco cena y De tre errs Oe 100.66 

The rational composition is: 

OP EES ei Ch So a lc 97.50 

NMA rent CU) NA cbs wd 'a g/c) dials <a s 
rie Sons.) 

Oia Peas UM Pa Se Pees Dg 

The sandy clay was more plastic, and required only 31% of water 
to mix it up. The air shrinkage was less, being only 6.5%, and the 
tensile strength was 20 pounds a square inch. At cone 9 the total 
shrinkage was 15% and the color whitish. In the Deville furnace at 
cone 34 the clay remained unaffected. 
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The mechanical analysis is: 

Clay substance..... fe ok 5) Se een, 92.50 

Site Oe FR eA N LAS: 4 er, Sarita - ee hls SR 2.30 

Wery aime Bald *,.))... ta SD NaF ee OE 

Fine sand ss. 26°. \e6)t eRe eee ee 4.60 

100.20 

A sample of the better grade fire clay from ‘the present large 

opening was likewise tested, as it represents a common type of clay — 

found on Staten Island. 

This was far more plastic than the other two; it had a tensile 

strength of 45 pounds a square inch. 80% of water gave a workable 

mass, whose air shrinkage was 8.25%. When burned to cone 12 

the color was yellowish white and the total shrinkage 172. 

The clay did not fuse at cone 30 in the Deville furnace; so that 

it can be properly classed as a fire clay. 

The mechanical analysis gave: 

Clay substance Viet sai oss mPa sg (Ge 70 

OTe eh ie Cig Re Pee te ce | ae 

Very fine sand 2). ...- +) Dg ee eee a 

Fine sand: 0.0 2, ee ee 14 
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POTTERY 

The term pottery is properly applied to such articles for domestic 

or ornamental use as can be turned on a potter’s wheel. While this 

was the original method of forming such wares, in the progress of 

the art many other methods have been devised, which, in some 

cases, have superseded the potter’s wheel, though this useful ma- 

chine is still employed to a large extent. 

Description of different grades 

The more important grades of pottery which are recognized are 

quite numerous. 

Earthenware. This is the lowest grade of pottery, and is usually 

made from medium or poorer grades of clay. The body is either 

red or buff, and more or less porous. Earthenware vessels will not 

hold liquids unless glazed, owing to their porous nature. The 

common forms of earthenware are flower pots, crocks and jugs. 

In recent years glazed or slipped earthenware for ornamental 

application has found an extensive use. 

Stoneware differs from earthenware only in degree, the former 

being burned to vitrification, with the result that the body is im- 

pervious to moisture. The color of the body is either red, buff or 

bluish black, but this is frequently masked by a coating of salt glaze 

or slip. 

The burning and glazing are done in one operation; and if the 

ware is coated with slip the latter is applied to the unburned clay. 

The uses of stoneware are chiefly domestic, though much 

ornamental pottery has a stoneware body; the Flemish ware so ex- 

tensively imported to this country belongs to this class. 

Stoneware is commonly made from refractory or semi-refractory 

clays; the best results are often obtained by using a mixture of 

them. The clays used should have sufficient plasticity to permit 

their being molded without cracking. The tensile strength should 
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not be less than 125 pounds a square inch, though 150 is pref- 

erable. The clay should not shrink excessively in burning, and 

should give a vitrified body at not over 2100° F. if possible, for the 

lower the temperature of vitrification the greater economy in fuel. 

The clay should however be sufficiently refractory to hold its form 

at the temperature required to melt the glaze, and not do more 

itself than vitrify at that temperature. The fusible impurities in a 

stoneware clay should be sufficiently high to cause vitrification. 

Ferric oxid forms a desirable coloring ingredient, the same being 

true of lime if not in excess of 24-83%. Sulfur in any combination 

is undesirable, as its escape at high temperatures causes blistering 

of the ware. | | 

In mixing two clays, the one is generally used for supplying stiff- 

ness to the body in burning, and the other, fluxing qualities. 

For common earthenware, almost any plastic clay, one whieha is 

not too coarse, suffices. 

If the ware is to be glazed, the clay should be suificiawtle re- 

fractory, so that at the temperature required to melt the glaze, it 

will not burn to more than incipient fusion. 

Analyses of stoneware clays are given in the table at the end af 

this report. In addition, are given here the average of 10 stoneware 

clays now in use. (EK. Orton jr. Clays of Ohio, Ohio geol. sur. 

¥. Tycph 1, pas 

Clay base Fags) c.. . «iss. s sceieaeeeeel eee onan 56.65 

Sand 5. Scere, ea a 87.45 

Fluxes . > Soe 8 bd. eee 4.44 

Moisture >) i eee elo sk ee 1.57 

100.11 
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Yellow ware and Rockingham ware. These differ from stoneware 

in that the body is burned.first, then glazed and burned again. It 

agrees with stoneware in being made from natural clays, and with 

white earthenware, or porcelain, in being burned twice. 

In yellow ware the body is covered with a transparent, easily 

fusible glaze, while in Rockingham ware the glaze is colored brown 

or black by the addition of manganese. 

C. C. ware, white granite. These are made of high grade clays, 

but not the best obtainable, with other materials. The mixture 

usually consists of kaolin to form the body, ball clay for plasticity, 

silica to prevent excessive shrinkage, and feldspar to serve as a flux. 

C. C. ware differs from china or porcelain in the quality of the 

materials used, the clays employed having enough iron to give a 

slight off color to the ware. Attempts are made to counteract this 

by introducing coloring material into the glaze. 

In white granite or ironstone china the best materials obtainable 

are used, but the body is not burned to vitrification, and differs in 

that respect from porcelain. In fact white granite bears the same 

relation to porcelain that earthenware does to stoneware. A very 

slight amount of iron will tend to produce a yellowish tint, which is 

neutralized by adding a small amount of cobalt oxid, that produces 

a greenish hue far less noticeable. 

The kaolins and sometimes the ball clays have to be purified by 

a washing process; for the percentage of iron oxid which a kaolin 

contains should be less than 1%. Even though the clay alone may 

not show any off tint when burned, the presence of a coating of 

glaze is sure to bring it out, if the iron is present. The kaolins used 

in this country are obtained mostly from England, North Carolina, 

and Georgia, while the ball clays come from New Jersey, Florida, 

Kentucky and Missouri. 

Quartz and feldspar are obtained from a number of localities, 

some of them in New York. 

A re ee ee ee ee rer 
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Porcelain: 

The same materials are used as in*the manufacture of white 

' granite, but the proportions are usually different; the ware is 

burned to vitrification, so that the body is transparent, and the 

fracture of it would show a vitreous luster. | | 

_ Porcelain which is fluxed by feldspar is spoken of as spar china. 

It shows a slightly yellowish color by transmitted light, while 

porcelain fluxed by calcined bones in part replacing the feldspar is 

spoken of as bone china. It shows a bluish white color by trans- 

mitted light. 

The proportion of fluxes is greater in porcelain than in white 

earthenware; but still, taking porcelains as a whole, there is a wide 

range in their composition, as will be seen from the following 

figures representing the range of the ingredients used in the manu- 

facture of hard porcelains. (Hecht. Dammer, Chem. Tech. 

1 :773 and following ) 
Per cent 

Olay: substames .! 2's 28 2 Rae oe) 4036658 

AO esiia, FAD ARP IAB OM gtuoane Toone Mee Aen Hon SRR II SA aC h) 0%, 12-40 

Keldepar ante ne OMG a5 .ct eee eee ie 5c 15-30 

Carbonate of lime (at times) .............. Le 6 

The variation outside of these limits should be very small, for if 

the clay substance gets below 40%, the refractoriness decreases con- 

siderably, as does also the ability of the ware to withstand sudden 

changes of temperature. 
As excessive shrinkage in burning tends to cause cracking and 

- warping, one aim of ceramic chemists has been to produce bodies of 

low shrinkage; and experiments have indicated that the use of 

porcelain sherds ground up gives a much more homogeneous mass 

than can be obtained by the use of quartz. (Chemiker zevtung. 

1895. p. 89) 
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One mixture of this type is as follows: 

Composition of porcelain mixture for the production of bodies of low 

- shrinkage 
Parts ty 

Meri cand. 7 Peewee. 6 < Seas yA eA) 120 

Meldspar (Norwegian) ..........0e eee 85 

TE sk NO re OP ka 3 

ay Sa ee 60 to 70 

Porcelain sherds ...... tant Bae aA Pees Sk keg 20 to 60 
—_—_ 
—_—— SO — 

It has also been found that porcelains rich in fluxes are soft, 

while those poor in these ingredients are hard; neither do the most 

plastic masses always show the greatest shrinkage. The shrink- 

age of Seger’s porcelain, which is rich in fluxes, occurs mostly in 

drying, and the total linear shrinkage is 10%; it expands in firing 

when a certain temperature is reached, owing to the high percent- 

age (45%) of quartz which it contains. Plastic clays give a very 

smooth surface and are difficult to dry, and are not adapted to the 

manufacture of large pieces. A mixture poor in fluxes, with a 

high shrinkage, can be very lean when it contains no sedimentary 

clay but kaolin as the plastic element. Bodies of good plasticity, 

but low in fluxes, are of comparatively recent introduction, and 

are specially adapted to large objects and chemical stoneware.* 

Owing to its high percentage of clay substance and low fluxes, 

the mass acquires little translucency when burned at high tem- 

peratures, but stands temperature changes very well. 

Hecht has recently published the results of some rather detailed 

investigations on the composition of porcelains and white earthen- 

ware bodies poor in lime. It has generally been considered that 

these two classes of ware vary in composition only between fixed 

limits, and that the predominance of feldspar in the mixture was 

generally confined to porcelain. This, however, has proved to be 

an error, and Hecht finds porcelains which are low in feldspar, 

and earthenware bodies rich in it. The following examples are 

given.” — 

1 Chemiker zeitung. 1894. p. 821. 

_  ?*Thonindustrie zeitung. 1897. no. 21, p. 714. 
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Comparative compositions of porcelain and white earthenware 

Japanese Wegeli porce- Belgian 
porcelain lain mix- white earth- 
mixture ture enware mixture 

Per cent Per cent Per cent 

Clay substance ....... Te) 40.44 81,375 Bee 

Quartz’. A... ae ee 45.36 5. Bo 30.36 

Meldspar' 7 4.1 ee 5.20. 18.10 > aes 

bl cee) Miieat one OMe, ahh ‘s 100.00 ° 10020C) aa 

The conclusions are that the difference between porcelain and 

white earthenware depends on the temperature at which the mate- 

rial is burned, viz, to vitrification or incipient sintering, and not 

on the composition. 

Some porcelains are vitrified at a temperature of only 2400° F. 

(Seger’s cone 9). Examples’ of this are Seger’s porcelain and 

Copenhagen biscuit ware, whose rational compositions are as 

follows: 

Compositions of Seger’s porcelain and of Copenhagen biscuit ware 

vitrifying at 2400° F. 3 
Seger Copenhagen 

Per cent Per cent 

Clay substance: aceite ee a oes 25 32 

Quartz oo. Sas 5 ee ee 45 a 

Feldspar . 2... 041.2. 80. ee 

These bodies when burned show a glassy, conchoidal fracture. 

As the feldspar is that part of the porcelain which brings about 

the vitrification, we must assume from the Japanese and Wegeli 

porcelain mixtures, given above, that a much higher temperature 

is required to sinter them than the Seger and Copenhagen mixtures. — 

It is possible to find mixtures showing all grades of transition 

in composition between white earthenware and porcelain. 

As to the behavior of easily fusible white earthenware glazes 

and porcelain glazes on these transitional members, Hecht finds 
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that a great number hold, without crazing, on bodies having the 

following composition, whether burned in a hard porcelain fire 

or moderate white earthenware fire: 

Composition of bodies on which many earthenware and porcelain glazes 

. . do not craze 
Per cent 

Oe Olay substance .....5..25.. Sire nis 30 _ 

eee ans Gluariz and feldspar ..-....... Heo 70 

The degree of tenacity with which the glazes hold depends on 

the temperature at which the biscuit and glazed ware are burned, 

and to a greater or less extent on the relative amounts of kaolin 

and plastic stoneware clay in the body. 

‘The practical value of the above observations is that it points 

toward much greater possibilities in underglaze decoration, for 

while in the past such work could only be done under hard fire 

glazes, we can now paint the porcelain with underglaze colors 

hitherto used only for white earthenware and cover them with 

easily fusible mufile glazes. 

The effect of excessive grinding on the ingredients of a porcelain 

mixture has recently been shown to be serious. (Sprechsaal. 

1896. no. 29. p. 812) It was found that, when a mixture of 

kaolin, quartz and feldspar was ground in a ball mill for 120 

hours, the ware in burning became blistered and showed a finely 

vesicular structure throughout. If on the other hand only the 

quartz and feldspar were ground for 96 hours, and the kaolin 

then added, the result was a strong, translucent porcelain of normal 

eolor, free from blisters. The experiments suggest how porce- 

lains which are only slightly transparent can be made more so. 

Delft ware. This name was originally applied to a white ware 

made at Delft in Holland, which was ornamented with blue de- 

signs representing Dutch scenery. It is extensively manufactured 

at many localities at the present day, the body of the ware being 

_ porcelain or white earthenware. The articles which are usually 

_ decorated under the glaze include clocks, vases, jardinieres, toilet 

articles, ete. 
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Belleek, or eggshell ware, is a high grade of porcelain of un- 

usual thinness and delicacy. It was originally manufactured at 

Belleek, Ireland, but its production there has nearly died out. The 

manufacture of it in this country has been attended with more 

‘or less success. The dull cream enamel of the surface bears some 

resemblance to the Royal Worcester porcelain. Sometimes the 

ware is finished with a transparent glaze showing the white color 

of the body, the decoration being over the glaze. Belleek wares 

are often formed by casting. 

Electric supplies. This branch of the clay-working industry 

is rapidly growing, and gives every indication of being perma- 

nently successful. The supplies which have a vitrified body in- 

clude insulators, cut-outs, fuse-boxes, push-buttons, ete. They are 

manufactured in this state at Brooklyn and Syracuse and Victor. 

Majolica. This is an earthenware decorated in many colors, 
which are applied to the ware in the glaze either by slipping or 

with a brush. The ware is fired at a low heat, thereby permitting 

the use of softer tints. The clays used for the body are often of 

a low grade; the glaze is used to cover up a multitude of im- 

perfections, but the ware is cheap and the bright tints of the deco- 

ration are usually catching. On account of its cheapness com- 

bined with its rather bright and attractive appearance it is fre 

quently used by merchants to give away with samples of their ware. 

Majolica was formerly manufactured in New York state, but 

the factory has turned its attention to other and more profitable 

lines of ware. 

Parian ware is a term applied to white, unglazed porcelain, 

with a dense body, which is considered to resemble closely Parian 

marble. This class of ware is used somewhat for the manufacture 

of ornaments and busts, but has comparatively little sale in this 

country.. It was for a time made in Brooklyn. 

Methods of manufacture 

Certain steps in the manufacture of pottery are common to the 

production of all grades of ware, but the higher the quality of the 

product the more complicated usually the process. 
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‘The different stages in the manufacture of pottery may be 

grouped as follows: 

Preparation............. seine 
Weathering 

( In chaser mills 

i | Wet pans 
Pampering sro ee es. P pea he, 

| Tables 

( Turning 

Molding oF SS Pee 1 ‘sg ae 

g 

| | Pressing 

Drying 

Burning 

Glazing 

Decorating 

Burning 

Preparation 

In some regions the clay is prepared in a preliminary way by 

weathering, but this is not a very widespread custom. 

Clays for common earthenware are seldom washed, but those 

used in the manufacture of stoneware, specially of the higher 

grades, are frequently prepared in this manner; those clays which 

are used for white earthenware and porcelain are nearly always 

washed: : 

Clays are washed by one of two methods. With the first method, 

the clay is thrown into large circular tubs filled with water, in which 

it is stirred up by revolving arms and the clay lumps thereby dis- 

integrated. By this treatment the fine kaolinite particles, as well 

as very fine grains of mica, feldspar and quartz remain suspended 

in the liquid, while the coarser grains settle on the bottom of the 

tank. The water with the suspended clay is then drawn off to the 

settling tanks. 

A modification of this consists in the use of a large cylinder, 

closed at both ends, which is set in a horizontal position, and con- 



800 NEW YORK STATE MUSEUM 

tains an axis with iron arms, their revolution serving to break up 

the clay, which is charged through a hopper at the top. <A cur- 

rent of water passes through the cylinder and carries the fine clay 

particles with it, while the coarse ones are left behind in the 

machine. ‘The speed of the current has to be regulated by experi- 

ment, for if too much water is used coarse material will be washed 

out of the cylinder, and conversely if the current is too slow the 

clay will not yield a sufficient percentage of washed product. One 

objection to this apparatus is that it has to be stopped from time 

to time to remove the coarse sand from the machine. 

The method most commonly used at the present day for washing 

kaolin is in its general detail as follows: 

As the kaolin comes from the mine it is generally discharged 

into a log washer, a semicylindric trough, in which revolves a 

horizontal axis, bearing short arms. The action of the arms breaks 

up the kaolin more or less thoroughly, according to its density, 

and facilitates the subsequent washing. The stream of water 

directed into the log washer, sweeps the kaolin and most of the 

sand into the washing trough, which is about 15 inches wide and 

12 inches deep, but should be wider and deeper if the kaolin is 

very sandy. The troughing is about 700 feet long, and to utilize 

the space thoroughly it is broken up into sections (50 feet each 

is a good length) these being arranged parallel, and connecting at 

the ends, so that the water, with suspended clay, follows a zigzag 

course. 

The troughing has a slight pitch, commonly about one inch 

in 20 feet, but the amount depends on the kaolin, and whether thé 

contained sand is fine or coarse. If the kaolin is very fine, and 

settles slowly, the pitch need not be so great, and. vice versa. A 

large quantity of very coarse sand in the kaolin is a nuisance, as 

it clogs up the log washer and the upper end of the trough more 

quickly, causing much labor to keep them clean. As it is, con- 

siderable sand settles there, and, to keep the trough clear, sand 

wheels are used. ‘The wheels are wooden, bearing a number of 

a 
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iron scoops on their periphery. As the wheels revolve the scoops 

catch up a portion of the sand which has settled in the trough, and, 

as each scoop reaches the upper limit of its turn on the wheel, it, 

by its inverted position, drops the sand outside the trough. These 

sand wheels are a help, but it is often necessary in addition to keep 

a man shoveling the sand from the trough. 

If the sand is finer it is not dropped so quickly, and, distributed 

more evenly along the trough, does not clog it up so fast. 

The zigzag arrangement of the troughing has been objected to 

by some, as it produces irregularities in the current, causing the 

sand to bank up in the corners, at the bends and at certain points 

along the sides of the troughing. (EH. Hotop. Thonindustrie zeit- 

ung. 1893) The effect is to narrow the channel, and consequently 

increase the velocity of the current, thereby causing the fine sand 

to be carried still farther toward the settling tank. This difficulty, 

which is not often serious, has been obviated either by having the 

troughing straight or by allowing the water and suspended clay 

as they come from the log washer to pass through a section of 

_ straight trough, and from this into another, of the same depth but 

5 or 6 times the width, and divided by several longitudinal par- 

titions. ‘The water and the clay then pass into a third section, 

twice as wide as the second, and divided by twice the number of 

longitudinal divisions. By this means the water moves only in a 

straight course, but as it is being continually spread out over a 

wider space it flows with an ever decreasing velocity. 

By the time the water has reached the end of the troughing 

nearly all the coarse grains have been dropped and the water is 

ready to be led into the settling vats, but as a farther and necessary 

precaution it is discharged on a screen of 100 meshes to the linear 

inch, with the object of removing any coarse particles that might 

remain, and also eliminating sticks and other bits of floating dirt. 

Two kinds of screens can be used, the first stationary, the second 

revolving. ‘The stationary screen is simply a frame covered with 

a copper cloth and set at a slight angle. The water and suspended 
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kaolin fall on the screen, and pass through, otherwise they run off 

and are lost. A slight improvement is, to have two or three 

screens overlapping one another, so that whatever does not get 

through the first will fall on the second. If the vegetable matter - 

and sticks are allowed to accumulate, they clog the screen, and 

prevent the kaolin from running through; consequently stationary 

screens must be closely watched. 

The revolving screens are far better; for they are self-cleansing. 

Such screens are barrel-shaped, and the water, with the kaolin in 

suspension, is discharged into the interior and passes outward 

through the screen cloth. .As the screen revolves the dirt caught 

is carried upward and finally drops; but, instead of falling down 

on the other side of the screen, it falls on a board, which diverts if 

out to the ground. 7 

The settling tanks, into which the kaolin and the water are dis- 

charged, may be and often are about 8 feet wide by 4 feet deep 

and 50 or more feet long. As soon as one is filled the water is 

diverted into another. The larger a tank the longer it will take 

to fill it, and allow the kaolin to settle. Clays obtained in this » 

manner are expensive, particularly when the market takes the out- 

put of washed kaolin as soon as it is ready. Small tanks have the 

advantage of permitting the slip to dry more quickly, specially 

when the layer of clay is not very thick; furthermore a small pit 

takes less time to fill and empty.. But one disadvantage urged 

against a number of small tanks is that a thoroughly average prod- 

uct is not obtained, owing to the thinness of the layer of settlings 

and the small amount in each. In addition a series of small tanks 

require considerable room. The advantages asserted in the case 

of large tanks are that the clay can be discharged into any one for 

a considerable period, and, if the clay deposit varies in character, 

the different grades get into one tank and a better average is 

thereby obtained. 

If the kaolin settles too slowly, alum is sometimes added to the 

water to hasten the deposition. When the kaolin has settled, 
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most of the clear water is drawn off; the cream-like mass of kaolin 

and water in the bottom of the vat is drawn off by means of slip 

pumps and forced by these into the presses. 

The presses consist simply of flat, iron or wooden frames be- 

tween which are flat canvas bags. These bags are connected by 

nipples with a supply tube from the slip pumps, and by means of 

the pressure from the pumps nearly all of the water is forced out of 

the kaolin and through the canvas. When as much water as pos- 

sible is squeezed out, the press is opened and the sheets of semi- 

dry kaolin are taken out. It is then dried either on racks in the 

open air or in a steam-heated room. 

As for every ton of crude kaolin usually only about 2 or 1 of 

a ton of washed kaolin is obtained, it is desirable to have the wash- 

ing plant at the mines, to avoid the hauling of 60% to 70% of useless 

sand which has to be washed out before the kaolin can be used or 

even placed on the market. 

Tempering 

Chaser mil. This consists of a circular iron pan in which 

revolves a frame bearing two heavy iron wheels, about 30 to 36 

inches in diameter. As this frame revolves, the wheels, by means of 

a gearing, travel from the center to the circumference of the pan 

and then back. The clay is dumped into the pan, water added, 

and by the action of the wheels, grinding and cutting it up, it is 

ground and mixed in from one to two hours. The action of such a 

machine is quite thorough, but requires considerable power to 

operate it. It is sometimes used for stoneware clays. 

Wet pans. The action of these has already been described, 

under bricks. This machine is occasionally used in the preparation 
of pottery clays, and is fully as efficient in its action as the pre- 
ceding one, while it has the advantage of operating continuously 
and also of requiring less power. The clay is also ground and mixed 
much more quickly in a wet pan than in a chasing mill; and the 
greater width of the wheels, and the presence of scrapers to throw 
the clay under them, insures the thorough grinding of any lumps 
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which may be present. A wet pan will grind a charge of clay in 

about 10 minutes. 3 ya 

Pug mills. Those used in pottery manufacture consist of an 

upright rectangular box, in which revolves a vertical shaft, bearing 

iron blades. The clay is charged at the top, and is slowly forced - 

downward to the opening at the bottom of the box, at the same 

time going through a thorough mixing action. 

Molding 

Pottery is molded in four different ways, turning, jollying, 

casting, and pressing. : 

The clay after coming from the presses, is first wedged, that is 

a lump of the desired size is cut in ‘two by a wire, the two halves 

united by bringing them down on the table with much force, the 

piece cut again, the two halves once more united, and so on, the 

object being to subject the clay to a kneading action, whereby all 

the air bubbles are eliminated. 

This operation is accomplished in many European factories by 

a kneading machine, which consists of a circular table about 6 feet 

in diameter, whose upper surface slopes outward. On this are two 

conical rolls, 20 to 30 inches in diameter and about 8 inches wide. 

These rolls have corrugated rims, and are attached to opposite ends — 

on a horizontal axis, having a slight vertical play. ‘The clay is laid 

on the table and as the rolls travel around on it the clay is spread 

out into a broad band. A second axle carries two other pairs of 

rolls of the same shape but smaller size, which travel around in a 

horizontal plane. These rolls press the band of clay together again. 

In this way the clay is subjected to alternating vertical and lateral 

pressure and all air spaces are thus thoroughly closed. ‘The rolls 

make 10 to 12 revolutions a minute, and a machine kneads two to 

three charges of 350 pounds each in an hour.. ; 

Turning. This is done on a rapidly revolving horizontal wheel. — 

The potter takes the lump of clay, places it on the revolving disk,. 

and, after wetting the surface with a slip of clay and water,. gradu- 
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ally works the mass up into the desired form. After being shaped, 

the object is then detached from the wheel by running a thin wire 

underneath it, and it is set aside to dry. Crocks, jugs, and similar 

articles are turned. This is the method almost invariably em- 

ployed for molding earthenware and frequently employed in form- 

ing stoneware articles. An expert potter is able to turn jars of very 

large size. 

Jollying or jigging. This is a more rapid method than turning. 

The clay to be used for this purpose is tempered to a much softer 

consistency. The jolly is a wheel fitted with a hollow head to 

receive the plaster mold, whose interior is of the same shape as the 

exterior of the object to be molded. A lump of clay is placed in 

the revolving mold and is gradually forced up around the sides of 

the latter by means of the fingers. A metallic arm, or templet, as 

it is called, is then brought down into the mold and severs to shape 

the interior of the object. Cups, crocks, jugs, pitchers and even 

wash basins can be molded in this manner. Articles with tapering 

necks are generally jollied in two parts, which are subsequently 

cemented together with slip. Handles are generally stamped out 

separately and subsequently fastened on the article. 

A modification of jollying, used for making plates and saucers, 

consists in having a plaster mold whose surface has the same shape 

as the interior of the object to be molded. The potter’s assistant 

takes a piece of clay of the desired size, and pounds it into a flat 

cake, called a “ bat”, which is laid on the mold, he then shapes the 

other side or bottom of the plate by pressing a wooden templet of 

the proper profile against it as it revolves. 

Ewers and vessels of oval or elliptic section are usually made 

by means of sectional molds, consisting of two or three pieces whose 

inner surface conforms to the outer surface of the object to be 

molded. ‘A slab of clay is laid in each section and carefully 

pressed in. The mold is then put together and the seams carefully 

smoothed with a wet sponge. After drying for a few hours the 

parts of the mold are lifted off. Clocks, lamps, picture frames, 
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water pitchers and many other articles of a hollow nature are 

molded in this manner. 

Casting. Casting consists in pouring a slip of clay into a porous 

mold, which absorbs some of the water, and causes a thin layer of 

the clay to adhere to the interior surface of the mold. When this 

layer is sufficiently thick, the mold is inverted and the remaining 

slip is poured out. After a few hours the mold can be removed. 

This method is extensively used in making thin porcelain orna- 

ments; many white earthenware objects can be formed by the same 

process. Much of the success of molding depends on the proper. 

consistency and composition of the plaster mold. 

Drying 

The ware after it has been molded is usually set aside on shokves 

in steam-heated rooms to dry. 3 

From this point on, the method of manufacture varies somewhat, 

depending on the kind of ware that is to be produced. 

Glazing stoneware 

Stoneware is most commonly glazed either with salt, or by means 

of slip clays. Slip clays, which are really natural glazes, are very 

impure, easily fusible clays. The clay is mixed with water to the 

consistency of cream, and the ware before burning is either dipped 

into this slip, or the slip is put on the ware by a brush. 

The most desirable thing in a slip clay is that it shall fuse 

at a low temperature, form a glaze of a uniform color, and this 

glaze shall not crack or craze. Many fine-grained impure clays 

fulfil the first requirement but are seldom able to comply with the 

second and the third condition. 

Slip clays have been supplied to a considerable extent by Be 

different states, but the most important and the best thus far used 

is obtained from the Champlain deposit at Albany, N. Y. This 

Albany slip makes a splendid, even colored, natural glaze, and one 

which does not crack. It not only works well by itself but gives 
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good results when mixed with other clays or with artificial fluxes. 

Analyses of this material are given beyond. 

The following analyses made by the Missouri geological survey 

gives the composition of the clay. 

UERMMM rears. vO ait marries a Nat. 6 ate'S%e 56.75 

RUNNER es Foc Tg) og UR ORM i'n “us ele U6) Wad mrs 15.47 

memmbined water ..\cdakeaiws es. « SOLS aes s, 4 8.87 

(ESI 0 asi DOCS SR OnSMgD A eg a i 

GS a CEERI 0 a bid 

PEOtosid of maneanese. .'. 1... -. +... oak i. 

eT. ond ek wn avé oo ok wiv ¥ ale wis Bets 

NONE ORM (a es wi lal cle aie wee to ee wg 3.32 

POAMIM Re | xo wx tee PAVIA aT Os ectattas LEON cy oc cael 3.25 

AES oe LAS 21s NO id faa o at int 99.54 

Another analysis made by H. H. Griffen (Clay worker, 28: 

178) gives: 

Mat Regio Bea Akce! sive ir % seca ss (4 ors + mt elaig oo 17.02 

BA WETITIIE 62 od 8 estas io 5 eC OY aaa 14.80 

MrT ella 1s weg ane el 5 ede sks X's Ess ee 5.85 

Le ES ENE ES a ee 14 

MPO ERR er ale ed bia dS bu vs 5.70 

OES MET, OR A ota ht ae 2.48 

Ghee na de loin Ocenia), Skule: Pe rere. he Na eae 3.28 

MIRE ats. Us) a label nicuee Sue cher sade sel w we 1.07 

fo 90 a ee a a: 

py LT 00 os MTA Tea, a 5.18 

Moisture and carbonic acid................ 4.94 

aT. Pre em ee ary OO. Oe ue 38.58 

POtGL A ORO enern, Cum tal a eure ice 99.14 

Tests made by the Missouri geological survey showed that this 
_ clay shrunk 6% when air dried. and 8% when vitrified, giving a 
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total shrinkage of 144. Incipient vitrification occurred at 1700° 

F., complete at 1850° F., and viscosity above 2000° F. , 

From the analysis made by H. H. Griffen it is seen that the 

clay approaches closely to the formula: | | 

1RO, .7R,O,, 4Si0,. 

which is similar to that of an alkaline glaze, but with an excess of 

R, O;. The addition of lead i increases this excess of bases, and it 

is necessary to add silica also. 

For many years the slip has been used as a glaze without the 

addition of any artificial fluxes, for attempts in this direction had 

always been without success. A number of experiments were 

made by Mr Griffen, to determine in what manner it was possible 

_ to lower the fusibility of the slip clay, and make it run more easily 

without destroying its richness of color. The addition of lead 

alone gave a transparent and greenish colored glaze, which showed 

a tendency to blister; alkalis added alone gave the same result. 

It is, therefore, necessary to add other materials with the lead. 

Good results were obtained by adding iron alone, but the combina- 

tion of chromium, manganese and iron produced the best effect. 

The chromium, Mr Griffen finds, takes from the iron its tendency 

to run into greenish and yellowish tints. The best form in which 

to introduce the chromium is as chromate of lead, this giving the 

finest color effect; but, as an excess of this sort also has a tendency 

to cause blistering, it is well to add. some of the chromiuin in the 

form of chromate of iron. 3 | 

The following recipe is for a moderately low heat glaze, the 

variation being for different conditions. 

Albany ‘slip tly: 08060503) Mon 63.30 to 70 ~ 
Vilite tenl > Rees (utes 25.30 ‘to 4% 
DOE ou REM MRE ger 2: pT aN a 8 6.30: > toa 

Omirh, oF dark. Aenean te uni et eee Ta tes OT 

Oxid-at manganese... 6. se Rae Pe 

Chromate of lead .:..5. . «. «+ 40 cae pe 5 Pals 7: Sills MRE te 

Chromate Of 1200. ives: «i 0 ope ee ou to Te 

Oxid of Zine 65). oes eee Be to SF 



‘U
A[
YO
OI
G 

‘s
yY
1O
M 

Ul
eT
ed
1o
d 

Wo
OT

UM
 

‘S
WI
OO
1 

SU
T}

BI
OD

Bp
 

OY
} 

JO
 

CU
O 

UI
 

M
o
I
A
 

‘o
jo

yd
 

se
ly
 

“H
 

80
8 

ea
se
d 

a0
vz
 

OJ
, 

8S
Zl
 

V
i
d
 





oa ‘eae 

A
s
e
 

_2e 

F
Y
 

Gis er ae 



“
g
y
o
e
d
 
o
q
}
 
w
o
 
S
U
I
A
I
p
 

IIB 
‘SpooOS 

p
o
p
l
o
w
 

oy} 
ole 

D
U
O
M
Y
I
O
M
 
9
}
 

p
u
r
g
e
d
 

-
a
s
n
o
e
a
k
s
 

‘
I
n
o
w
A
s
9
g
 

wz 
s
s
e
g
 

‘
s
e
s
s
e
i
d
 

A
r
p
 

uo 
s
e
l
j
d
d
n
s
 

[vdLI}Oe[e 
S
u
l
y
e
y
y
 

‘oyoyd 
s
e
y
 

“H 

6
0
8
 
v
s
e
d
 

v
o
V
y
 

OF, 
6
Z
L
 
2
¥
I
d
 



CLAYS OF NEW YORK 809 

Artificial glazes are used to some extent on the better grade of 

stoneware made at the present day. 

Stoneware is sometimes coated with a slip of white clay. 

Burning stoneware 

Stoneware is commonly burned in round kilns. The articles 

are piled one on top of the other till the kiln is filled, but they 

are set in such a way as not to interfere with an even draft through- 

out the kiln, and the larger pieces are placed in the center. If 

both salt glazed and slip glazed wares are burned in the kiln at the 

same time, the latter have to be protected from the salt vapor in 

some way. 

The time of burning depends partly on the size of the kiln, and 

partly on the clay. It may be as short as 30 hours or as long as 90. 

The temperature attained in burning stoneware also depends on 

the clay. Experiments made in Ohic show that the temperature 

ranges from about 1850° to 2000° F. Other experiments made 

by the writer indicate that in the case of the New Jersey semi-fire 

clays the temperature in stoneware kilns reached 2300° F. at 

times. 

The kilns used in burning stoneware are either up-draft or 

down-draft, both round and rectangular. 

Glazing white earthenware and porcelain 

In this grade of ware, the glazing and burning are not done in 

one operation, as in the case of the stoneware, but, on the con- 

trary, the ware after molding is first burned to a comparatively low 

temperature, after which it is dipped in the glaze and burned a 

second time. In the case of white earthenware the temperature 

of the second burning is lower than that of the first, while in the 

ease of the porcelain it is higher. 

The production of a glaze on the surface of either porcelain or 

earthenware, free from the numerous defects to which such mate- 

rials are very liable, is often attended by considerable difficulty. 

The glaze on pottery consists of a fusible mixture which is 

applied to the surface of the ware, either when it is still in a green 
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state or after burning. In the burning the ingredients of this 

mixture unite during fusion and cover the surface with an im- 

pervious glassy coat. 

Pottery glazes are generally of two kinds, raw or fritted. The 

former consists usually of some mixture of metallic oxids, which 

is sprayed on the surface of the raw clay. In the case of the 

latter, the ingredients of the glaze are first fused together, forming 

what is known as a frit, the frit is then ground very fine, and 

mixed with water, this mixture being applied to the surface of the 

green ware. It is specially necessary to prepare such a frit when 

the glaze contains any soluble salts, the object. of the fritting being — 

to render these salts insoluble. The fritting is usually done in a 

special furnace, which has the bottom sloping toward one point, so 

that the melted material can be run out into a tank of water, at the 

proper time. Certain frits, either on account of the difficulty 

with which they flow on melting or owing to the corrosive action 

they exert when fused, can not be melted in the furnace, but are 

fused in a special crucible or sagger. 

The proper preparation of the glaze often requires much skill 

and experience; for the production of a uniform coating of glaze 

on the surface of the ware is influenced by many different things, 

such as the degree of porosity of the ware when glazed, the cleanti- 

ness of the surface to be coated, the consistency of the glaze, ete. 

If the density of the body is too great, or there happens to be a 

film of dust or fat on the surface, the glaze is apt to contract into 

drops during the burning. If the glaze is too refractory, or the 

kiln fire is not hot enough, the glaze will not be homogeneous, but 

show little dots and pin holes. <A frequent fault is the tearing or 

springing off of glaze, which is due to the glaze and the body 

having a different coefficient of expansion. If that of the glaze 

is greater, the body is apt to tear, whereas, if the reverse is true, 

the glaze spalls off. It may be said in general that with an 

increase in the amount of fluxes the coefficient of expansion of a 

glaze increases, while it decreases with the amount of acids. The 
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coefficient of expansion may also be diminished if the percentage 

of boracic acid in the clay is increased at the expense of the silica. 

The amount of alumina exerts but little influence on the expansion 

or contraction of the glaze, but a small percentage of alumina pre- 

vents glazes which are poor in alkalis from becoming opaque. 

The tenacity of adherence of the glaze to the body depends on 

the composition of both and also on the temperature of the kiln. 

We can say that the power of the body to carry a glaze without 

causing it to crack is influenced by its rational composition, its 

degree of plasticity, the fineness of the quartz grains which it con- 

tains, and the temperature at which it is burned. 

Burning white earthenware and china 

This is done in saggers, which are oval or cylindric receptacles 

about 20 inches in diameter, 8 inches in hight, with a flat bottom. 

The saggers are filled with the pieces of the unburned ware and 

are set one on top of the other, so that the bottom of one forms a 

cover for the one below it, the joint between them being closed by 

means of a strip of soft clay. The use of these saggers is to protect 

the ware from the smoke and gases of the kiln fire, which would 

tend to discolor it. 

The requisite of a sagger clay is that it stand slightly more heat 

than the ware placed in it. Saggers are generally made from a 

plastic, refractory clay, with as great an admixture of grog (ground 

up fire brick or old pottery) as possible, but an excess of the latter 

is deleterious. The color burning properties of a sagger clay are 

of little importance. Saggers are made in various ways, sometimes 

being turned on a wheel, or again being formed in plaster molds, or 

around wooden forms. In Germany metal forms are now mostly 

used, because they permit the working of a stiffer mass, and, the 

clay containing less water, the saggers after molding shrink and 

tear less, while in addition they dry more quickly. The interior of 

the sagger is frequently coated with a slip of kaolin and quartz, in 

order that the ware may not receive any discoloration from this 
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source. When complicated forms are placed in the sagger the over- 

hanging or greatly projecting portions are supported by pieces 

which have the same composition as the ware itself, so that in 

burning the shrinkage of both will be the same. 

The proper placing of the ware in the kiln as well as in the 

saggers is a matter of great importance. - 

The condition of the fires in the burning of porcelain or earthen- 

ware has to be taken into consideration. In the burning of spar 

china from redness up to the point of vitrification, it is desirable to 

have the fire reducing in its action, while above that point it should 

be neutral or weakly oxidizing. In using coal which contains 

pyrite, if the fire is oxidizing, sulfuric acid is set free; and this 

tends to unite with any lime carbonate or-alkalis which the glaze 

may contain, the lower the temperature of the kiln the more rapid 

this union, for the lime and alkalis will unite with the sulfuric 

acid, as long as they have not entered in combination with the silica 

of the glaze. When the glaze has once melted, the danger that this 

will take place is far less. If the gases are reducing, any sulfate 

salts formed are broken up and sulfurous acid gas escapes. If the 

glaze particles have not yet been thoroughly fused the gas just ° 

mentioned escapes without causing any trouble; but, if the fusion 

has already occurred, blistering or scaling of the glazed surface re- 

sults. 

Both the body and the glaze may sometimes have a small amount 

of gypsum, which may come from an Alsing cylinder, if such a 

machine is used for grinding the clay. The reducing action of the 

fire must, however, not be too strong, otherwise any organic matter 

which the clay contains will not burn off at the proper time, and 

will subsequently be liable to cause bursting in the ware during 

burning. A reducing fire tends to insure a whiter color in the ware 

by reducing any ferric combination of iron, thus carrying the color 

from reddish over into whitish gray, or the pale green of complex 

ferrous silicates. The latter are hardly noticeable so that the whole 

body appears white. It sometimes happens that during the slow 
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cooling of porcelain in a mufile kiln the iron is changed back to 

the ferric condition with its accompanying yellow. 

When a kiln full of ware is finished, the material at times has 

to be sorted, as it seldom happens that all the ware drawn from the 

kiln is perfect. The sources of flaws in the burned ware may be 

either faults in the body or bad firing. 

. In connection with body faults: the more plastic and finer 

grained the clay mixture used, the quicker it shrinks in drying; 

masses which are fat shrink more than those which are rich in 

fluxes, such as feldspar, or are very lean. ‘The size of the quartz 

and feldspar grains is of importance, for, if they are in the form of 

fine powder, they are not very plastic, but if ground extremely fine 

they develop a certain amount of pastiness, and this is accompanied 

by an increased shrinkage. If the clay mixture was not properly 

- worked, or was too soft, or the thickness of the molded object is not 

the same throughout, or the mechanically combined water is not 

evenly distributed through the material, the ware is very likely to 

warp in burning. The shrinkage may also be uneven if the 

pressure exerted by the molder is not uniform, and cracks occur 

when the molded piece is stronger on ene side than on the other. 

Flaws, such as air bubbles, appear only when the ware is burned. 

Firing errors are usually due to too quick heating or cooling. 

If cracks are caused in the early part of the burning, they increase 

as the firing proceeds. Cracks formed in the body as a result of 

too rapid cooling are not generally seen with the naked eye, but the 

ware produces no ring when struck. Another cause of cracking is 

an uneven temperature on the two sides of the-object. Over burn- 

ing as well as under burning of porcelain tends to produce fine 
cracks in the body. | 

The glaze is also a source of much worriment to the manufac- 
turer. It should of course have the same coefficient of expansion as 
the body to which it is applied. If under burned the glaze will not 
appear thoroughly glassy and develops fine cracks, but, if over 
burned, a chemical action is apt to take place between the glaze 
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and the body and the former absorbs elements of the latter, alter-, 

ing its composition and consequently its properties. This over burn- 

ing of the glaze is the principle used by the Chinese to produce 

their celebrated crackle ware. - 

Kilns. The type of kiln used depends on the ware, the tem- 

perature to be obtained, and the fuel. 

In this country a round vertical kiln is generally used for both 

the first and the second burning. The first burning, which is known 

as the biscuit burn, is done at a lower temperature. The second 

firing is done in a similar kiln, known as the Glost kiln. After the 

ware has been burned with a glaze on it, it is sometimes decorated 

and then fired a third time in what is known as a mufile kiln. 

The two points necessary in a kiln are first equal distribution of 

heat, and secondly economy of fuel, with a development of the 

maximum heat. 

Most of the kilns used are down-draft, and in these we get a 

- more complete combustion, for the reason that the air and gases 

must follow a longer path, and consequently, get a better chance to 

mix. The continuous type of kiln is little used in this country, 

though it has been used with marked success abroad for the burn- 

ing of both white earthenware and porcelain. 

Methods of decoration 

These seem to deserve special mention, as in many cases they 

form an important and distinct branch of the pottery industry. 

Decoration may be imparted to a ware in three ways: 1) by the 

production of a raised design; 2) by covering the ware with a solid 

color; 3) by the decoration of the surface with various designs, ap- 

plied to the ware in one way or another. Common red earthen- 

ware seldom receives any decoration, though this has been decorated 

more within the last year or two. Stoneware, yellow ware and 

Rockingham ware often have the surface ornamented with a raised 

design, which is imparted to the article in molding it. Stoneware 

is often decorated under the glaze with crude designs made by 
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tracing the figure with a dull point and some coloring matter, which 

remains in the depressions of the design. Yellow ware is frequently 

ornamented with bands of various colors. 

In majolica the coloring materials are mixed directly with the 

glaze. : 

It is the decoration of white earthenware and china, however, 

that calls forth the ingenuity and skill of the potter. White wares 

may be decorated either over the glaze or under it. In the former 

the decoration is applied after the glaze has been put on and fired; 

in the latter the decoration is put on the biscuit ware, then fired, 

then the glaze applied and the ware fired again. 

The advantage of underglaze decoration is that it is more durable, 

the decoration being protected by the glaze, and oftentimes the 

effect produced is prettier than when the colors are applied on the 

glaze. The number of colors which can be used in underglaze 

decoration is limited, as they have to withstand the effect of the 

heat required to fuse the glaze. The colors which can thus be used 

are blue, brown, green, yellow. It is on this account that hard 

fired porcelains have their delicately tinted decorations applied over 

the glaze. Pink, for instance, has to be applied in this way, and so 

does gold. 

An imitation of underglaze work is sometimes made by applying 

the decoration on the glaze and then firing until the glaze softens 

and the colors sink into it. 

Underglaze work was the prevalent method of decoration in this 

country from 1845 to 1850. It was then abandoned for a time, and 

in the last 10 years the method has been steadily regaining favor. 

All designs and colors were formerly applied by a brush, but 

the prevalent method now is by printing. The design is engraved 

_or etched on a copper plate; the reversed print is then made on 

specially prepared fine paper. This is applied to the piece of pottery 

to be decorated, either on the glaze or on the biscuit ware. The 

paper is carefully rubbed so that every portion of it shall come in 

contact with the surface of the ware, and it is then allowed to stand 
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for a while, when the paper is removed, leaving the design on the 

ware. This is then gone over with colors and the design filled in. 

The decoration is then called a “ filled print”. The amount of 

“ printed” ware turned out annually is very great. 

Raised gold work, often seen on wares, is made by painting the ~ 

design with a yellow paste overglaze, firing in the decorating kiln, 

and then covering with gold and firing again. 

Underglaze colors are fired at a sufficient temperature to drive off 

the oil. The overglaze colors are usually fixed in a muffle kiln in © 

which the temperature reaches between 900° and‘1000° F. 

A rather ingenious method of making border decorations on 

plates and cups consists in having a design, such as a flower or 

cluster of leaves, stamped on a flat surface of fine-grained sponge. 

The plate, for instance, is then placed on a wheel, and while slowly 

revolving it receives a number of successive touches with the inked 

surface of the sponge. In this way a continuous design is stamped 

on the ware. The method is quick, cheap and well adapted to the 

cheaper grades of white ware, for which it is used. 

Chromolithographic decoration! 

The adaptation of chromolithographie printing to ceramics has 

been quite recently successfully attempted, and may very possibly 

supersede line engraving. The great advantage of the chromo- 

lithographic decoration lies in the high excellence of the ornament 

that may be used and the purity of the color that may be obtained. 

By this means the design of a first-class artist may be reproduced 

with all its original delicacy and softness. This new method does 

away with the filling in of prints, which is often of unequal quality. 

Up to the present time chromolithographic work has been used only 

for overglaze decoration, but experiments are being made with it in 

underglaze ornamentation. The difficulties in the latter case are 

porosity of the rough surface of the “ biscuit” ware. The greatest 

difficulty is said to be this. In printing from engravings, the 

1 Jour. soc. arts, 18 Sep. 1896. p. 322. 
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“ print ” is really a relatively thick line of color; just in proportion 

as the engraver cuts deeply into the plate, so is the quantity of color 

“taken up”. Now “ underglaze plates” are cut much more deeply 

than “enamels”, and if the “transfer” or printed paper is ex- 

amined under a microscope the underglaze prints are seen to con- 

sist of raised (as we have previously said), relatively thick ridges of 

color, laid with the point of the ridge uppermost. It is this depth 

or strength of cutting that enables the underglaze prints to produce 

their strong patterns, for, owing to the action of the glaze, if only 

a thin film of color, as in chromolithography, were applied to the 

ware, the decoration would be so faint as scarcely to be visible. 

The number of colors which have a strong staining power when 

applied only in a thin coat is small. This is the chief difficulty. 

At present the best chromolithographic work is done by the French, 

and by some Staffordshire potters. 

New York stoneware clays 

Deposits of clay suitable for the manufacture of stoneware are 

found on Staten Island and Long Island. Those of Staten Island 

are at Kreischerville. The Long Island clays are found at Elm 

point, on Greatneck, at Glencove, and Littleneck, near North- 

port. They have been shipped to a number of points, including 

Poughkeepsie, Rochester, Utica, in New York; also to New Haven, 

Stamford, Norwalk and Hartford, Ct., Newark, N. J., and 

Pittston, Pa. 

Most of the Long Island clays are rather sandy in their nature; 

consequently they have been found well adapted to mix with the 

New Jersey clays in order to prevent the latter from cracking in 

burning. The sandy nature of the Long Island clays makes it 

difficult to turn many of them alone on the potter’s wheel. 

Elm powmt. <A deposit has been worked for many years at a 

point} about one and a half miles north west of Great neck, but the 

pit is no longer in operation, though the supply of clay does not 

appear to have given out, as a considerable amount of it is still to 

be seen outcropping along the shore at several points to both north 
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Porcelain electrical supplies made at works of Pass & Seymour, 
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and south of the pit. The one objection to the deposit is that the 

clay is overlain by about 20 feet of yellow gravel and drift, which 

hhas caused much trouble at times by caving. It would seem that 

‘underground workings could be established, which would be more 

permanent. A number of pits have been sunk in the clay, many 

30 feet in depth, the usual diameter being 10 feet. This clay has 

been used for a variety of products, such as architectural terra 

cotta, common stoneware, chemical stoneware and clay pipes. 

The clay, which was of a dark gray color, was very plastic and 

often quite smooth. At the time the samples for physical work 

were collected the bank had caved in and no specimens were ob- 

tainable, but the following is an analysis of it made by Dr H. C. 

Bowen on a sample collected some years ago. 

SSL Sy 5: Sab ik Tye hag Saar ite ieee ee a ae 1650 

‘Ad waviima $60 oR ss 6 See 1s 

Ferrous ‘oxids2 (sae oe ee ee ee 1.34 

(imme ic. on ee ee eae oe ee Re . 9 

Magnesia 5 \5 ou is ihePiréeds ei ah Bese. vee. Ad 

Sodaiu: ic ecvtio. heey Beet bee Sie ae .81 

Potash::.: on “aide teehee) aaal Poi 187 

sPhosphori¢ acidity ba aoe B).t8 ahaa 07 

Moisture oss)... ena 2.68 Dae eee ae Tos 

‘Water-(combined)';°Y Ses: a? ei F- Seen 4.27 

Glencove. Carpenter Bros. have a bed of stoneware clay, fire 

sand and kaolin on the east side of Hempstead harbor. The 

clay is of a white and pink color, the layers being 4 inches to 1 

foot thick, interstratified with layers of quartz pebbles. Nearer the 

shore this dips under a bed of the clay free from pebbles. Asso- 

ciated with the clay is a deposit of kaolin and fire sand. The clay 

burns a cream color. The quartz pebbles, which contain small 

cracks, crumble easily and seem to have been subjected to the action 

of some alkaline solution." When ground they can be used for the 

finest grades of pottery and stoneware. The fire sand and kaolin 

are screened and sold according to grade. 

IF, J. WH. Merrill. ‘Geology of Long Island.” Anw. N. Y. acud. sei. 1>84. 
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This clay is used chiefly for the manufacture of stoneware, being 

shipped to various cities in Connecticut and New York states. It 

is also used by Perkins & Pit of Stamford, Ct., for the manu- 

facture of stove linings. In the latter case about 15% of it is mixed 

with New Jersey clay. Under an ordinary fire this clay burns to a 

light color, but with a hard fire it is said to blacken. The fire sand 

found associated with this clay bears a most excellent reputation as 

regards its refractory qualities. 

Owing to litigation the clay deposit of Carpenter Bros. has been 

inactive for several years, but work on it will be resumed again this 

summer. An analysis of the material is given in the table of 

analyses below. 

In the spring of 1898 a new deposit was opened on the north 

shore of Mosquito inlet almost directly opposite Carpenter’s pit. 

It is said that this deposit is fully 30 feet deep. It is on the property 

of Mrs Helen McKenzie. <A sample of this clay was collected for 

physical examination. It is sandy and grayish, quite different in 

appearance from that found in Carpenter’s pit. When mixed with 

32.40% of water it gave a very plastic mass, but owing to the large 

amount of organic matter which it contained it was impossible to 

form briquettes not free from flaws, so that the tensile strength was 

only 42 pounds a square inch as a minimum, with 50 pounds maxi- 

mum, which is undoubtedly low. 

The air shrinkage of the bricklets was 8%. At 2200 degrees 

F. the total shrinkage was 13%, and the clay had become thoroughly 

dense. Viscosity occurred at cone 27 in the Deville furnace. 

The color when burned to vitrification is buff, but at viscosity the 

clay burns reddish. The mechanical analysis of the clay showed: 

ee ee ee ese ee 85 

are Ee ee 3 
Gey Up R a  hEe kiss 3 

tae GaN!) 2) eR ee 6 

97 

Balance mostly organic matter 
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An analysis made by the writer gave: 

Silica 20 5 OU. Ne eae eee Li) Spa 
Alumina’, 2. 7) Pclde oie ata TA Oaaee antes 29.90 

Ferrie oxid (° 7". eee Dr anata oes 1.16 

Eames ie 
Magnesia 08007, Suis ate ated een .65 

Alkalig’ 000. 02 ‘2.50 

Water... 00508 sd ee ee . 

Dotad ce: sal.al bing oe me ale pte 99.29 

Northport. The Northport clay and fire sand co. has an exten- 

sive series of pits on Littleneck near Northport. Both fire sand and 

clay are obtained. The clay bank has a hight of about 40 feet, the 

clay is of a bluish black and yellowish white color. The darker 

clay is the lower, and contains much carbonaceous matter. The 

deposit is stratified, the layers of clay being separated by thin sheets 

of a rather coarse sand. It is shipped chiefly to New England. 

At the eastern side of the bank a bed of white clay underlies 

the fire sand, but little of this has been mined. 

The following are analyses of New York stoneware clays and 

kaolin. 

Elm point Glencove Littleneck Kreischervil e Krelscher- 

Silica... us 62.06 70.4% 62066 + 64.960 snmennnEE 
Alumina... 18.09 . 21.74 18.09 94,76 (een 
Oxid of iron. 5.40 1.72 0.97 0.83 0.63 
Line) aacee der 0.24 0.79 ee 0.29 
Magnesia... tr. 030. ae thee 0.78 

Alkalias<. 29 ea 5.00 2.23 2.35 2.66 

99.71 99.45 84.74 | 99.98 
__— — — — ——_———-- — —_—__—_———_ — 
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The following are analyses of Long Island stoneware clays made 

by C. H. Joiiet. (School of mines quart. Jan. 1895) 
waiye Gian Byaek CuAY it tay clay 

Northrort Northport Seac iff 

EM es EN 0 ciate a 68.34 58.84 . 62.35 
PMMRREMT AE te sr ica ta vita ees a ae 19.89 23.40 93.14 

Perrous OX1d .. 2... his. fea eda v3 .90 sled > 6 ae 

RUE are as tana tees cae mere are te A |S ip ly le 

MEME Gan Sa wi eis) sa Gh sie oetsase oi & TE aa ea eae ae 

mamta err ee Neha Sete fein ee) awe 8s 

MP TGU Ie ee a Saas sia ee Ui ie e dia 1,08 1.09 

Sea i. Seal aa eR 3 55 5.04 BLT 

BeMOVO OL. cu Sl.” Howl. elt 84 84 1.76 

Mombmed water... 21. bese disiae oe 6.03 9.20 Bed 

99.90 99-03 99.40 

A physical test of the yellow clay from the pits of the Northport 

clay and fire sand co. gave the following results. It took 25% of 

water to mix the clay up to a workable mass, that was very gritty, 

but possessed good plasticity. The tensile strength of the clay does 

not stand in direct relation to the plasticity, as the average is only 

25 pounds a square inch with a maximum of 30 pounds. The 

air shrinkage of the bricklet was 54%, and at 2300° F. the total 

shrinkage was 12%. At this temperature the clay had burned buff, 

and was nearly vitrified. Viscosity occurred in the Deville fur- 

nace at cone 27. ; 

The mechanical analysis of the clay shows the high percentage of 

sand contained, which is evidently responsible for its low refractory 

quality. 

Clay substance 30 
TST LO es tee tee eee ee eee 

COE ETO cae gerd 08 5 CRS EO Re 60 

BRE 20 I eee Tae ra Memimeeand, - i)... 
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It is probable that the washing of this clay and the consequent 

elimination of the grit would greatly increase its refractory power. 

The black clay which underlies the lower is somewhat less sandy, 

running thus: 

Clay substance andi sli 20 ec ee oeeee eee 81.00 

Finest sand \. .-.94 ona ae ee ee eee 3.30 | 

Hime Sead) 0 amt cree tr TENE RS ce 16.20 

100.50 

Like the preceding, it is not a highly refractory clay, fusing com- 

pletely at cone 27 in the Deville furnace. It does, however, burn 

to a dense body of cream white color and its chief use is for stone- 

ware. There is apparently no reason why it should not work for 

the manufacture of white or very light buff brick. The shrinkage 

at cone 3 is 8%, and at cone 6, 12%, at which temperature it is nearly 

non-absorbent, and begins to deepen in color. 

The following is an analysis of the Eaton’s neck clay, made by 

Dr H. C. Bowen. 

Silica dh esteem ot? eee eo ome 66.46. 

Alumainans.:4a somerteninee eae ee eine 22.33 

WertOuscORidl. 2 diss. dds ele Rat ee eee 1.38 

Lael Day dvs heel ss ies d4d cuore hea eet eee ee ee 67 

Masmiediny..i2' tiwieysyee--otanee Wy gd Ps toa, oe 

PGi bee San aaa te wb ane a's, eer 1.52 

Sadan es TAM hale han cae oy ca dN cee .58 

PROB SOR TE teeter nse wy & tarso gs soe > Ea .10 

NEOs Gre ihe rare heat eee adele bees ae ee ol 

Wate 2 Gi oie hie ocala tt 6.21 
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Pottery industry of New York 

The products of this class made in New York include common 

earthenware, stoneware, both common and chemical, white earthen- 

ware, porcelain. 

Greater New York. The works situated within its boundaries 

are: | 

D. Robitzels’s Sons, Morrisania. White earthenware and hard 

porcelain | 

Capital pottery, Brooklyn. Stoneware 

A. Benkert, Brooklyn. Stoneware 

Joseph Newbrand pottery, Long Island City. Earthenware 

Chemical pottery works, C. Graham, Brooklyn. Chemical stone- 

ware 

The clays used are mostly from New Jersey, but at times some. 

Long Island clays are used. The product includes acid receivers, 

vats, jars, stop-cocks, sinks, pumps and other articles for chemical 

works. 

W. T. Dufek, Brooklyn. Stoneware 

Empire china works, Brooklyn. White earthenware 

Green point porcelain works, Brooklyn. White earthenware 

Union porcelain works, Brooklyn. White earthenware 

The last factory makes a true hard porcelain, but it was origi- 

nally established in 1854 as a bone china factory. The chief 

product of the works is both plain and decorated table ware, though 

the factory under the guidance of C. H. L. Smith has turned out a 

number of high grade ornamental objects, specially vases. 

Syracuse. The Onondaga pottery, situated here, was organized 

in 1871, the product at first being white granite. Subsequently 

(1886) the manufacture of porcelain was begun; this forms the 

output at present. The ware bears a high reputation for its strength 

and toughness, with which is combined: lightness. 

Many of the plates illustrating the manufacture of pottery were 

taken at these works through the courtesy of Mr Pass, the presi- 

dent of the company. So successful: have been the operations of 

this company, that the capacity of the plant has been doubled. 
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The factory of Pass & Seymour is located at the western edge 

of the town. The product consists entirely of porcelain electric sup- 

plies, many being quite complicated and their manufacture (which 

is by the dry press method) requiring considerable ingenuity. 

The Syracuse pottery company on N. Salina street, produces — 

stoneware. 

Victor. Close to the New York Central railroad station is the 

factory of F. Locke, manufacturer of porcelain electric supplies. 

Mr Locke’s products are made from a mixture of clays, obtained 

in part from New York state and in part from other states. The 

body is vitrified, and well fitted for the insulation of high currents. 

It is either white or colored. In some cases the ware is glazed with 

a Quaternary clay that is obtained in the vicinity of Victor. Among 

the large pieces of work turned out by this factory is a series of 

600,000 insulators for a 40 mile line in California. 3 

Rochester. The Flower city pottery. Stoneware 

Utica. Central New York pottery 

Lyons. Lyons pottery co. Stoneware 3 

Fort Edward. MHilfinger Bros. Earthenware and stoneware 

Chittenango. Chittenango pottery co. Ornamental and com- 

mon stoneware. 
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CO iS) Ct CLAYS OF NEW YORK 

SHALES OF NEW YORK 

These form an enormous series of deposits in the southern region 

of the state, as well as some of the central portions. 

The origin of shale has already been mentioned (p. 502). From 

the fact that they were deposited in the sea they are usually much 

more extensive than the Quaternary clays immediately underlying 

the surface. | 

The shales found in New York state are in every case quite 

impure, and often silicious, indeed are at times interbedded with 

thin layers of sandstone. Owing to their consolidated nature the 

shales ‘have to be first ground in order to develop their plasticity; 

the finer the grinding the more plastic the mass. It has also been 

found that in some cases the finer grinding of the shale produces a 

vitrified brick at a temperature that formerly did not allow this, 

the brick made from the coarser shale showing 6%—7% absorption. 

Shales exhibit a great variation in hardness; this fact shows itself 

specially during the grinding process. As has been stated in an- 

other place, shale is only a consolidated clay. Sometimes this hard- 

ening or consolidation has occurred by the weight of the overlying 

beds alone, while at other times the clay particles have become more 

or less cemented together. It is obvious, therefore, that those 

shales hardened by the former circumstance will fall apart more 

readily in the grinding pan, and tend to yield a more plastic mass. © 

So far as the shales have been used and tested, the Devonian 

shales seem to work best for a vitrified product, as the points of in- 

cipient fusion lie from 250 to 300° F. apart. : 

The Salina shales make a good strong brick if thorough vitrifica- 

tion is not desired, for they are often calcareous. 

The Medina shales, particularly the weathered portions, are util- 

ized in Ontario for making pressed brick and give good results. The 

deposit continued across west central New York awaits develop- 

ment. 
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The physical and chemical characters of the shales can be judged 

from some of the tests given beyond under the locality deserip- 

tions. 

The shale-bearing formations occurring in New York state, be- 

ginning with that geologically oldest, are as follows: . 

Lower Silwriam/ 12. 00), ae eae Hudson river 

' ( Medina 

Clinton 

| Niagara 

' | Salina 

( Hamilton 
Deayomtan i... ic... seta a Wa ie ehh ee 4 Portage 

| Chemung 

Pieper sodlrian yoni, ecu ene ig 

A geological map will show the outline of the area underlain 

by the outcropping edges of each shale formation, and it will be 

noticed that they form bands of variable width extending across 

the state from east to west. | 

As the fermations have a slight dip (40-60 feet a mile) to the 

south, the belts of shale encountered in crossing the state from | 

south to north will be successively older. 

Furthermore any one bed will of couse be higher above sea 

level to the north than to the south. The Chemung shales underlie 

the whole surface in the southern part of the state, but as we 

proceed northward they are found only on the ridges of the higher 

hills, the sides and bottom of the valleys being underlain by the 

Portage shale, which in turn succeeds the Chemung as the surface 

formation. 

Distribution and properties 

Hudson river. This formation is abundantly displayed in the 

counties of Lewis, Oneida, Montgomery, Schenectady and Colum- 

bia. Its tendency is to exhibit silicious or slaty phases, but in 

eastern Columbia co. it becomes at times argillaceous and at the 

same time contains considerable iron. 

Medina. The Medina formation at times is shale-bearing, as 

along the Genesee river, where it is also marly, but the extent of 
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the shaly layers is unimportant. (Hall. Geology of the 4th dis- 

trict of New York. p. 38) 

The shale beds are, however, well developed at Lewiston, where 

» they are exposed in the sides of the gorge on both the American 

and Canadian shore. From this point they extend eastward and are 

to be seen at a number of points in the terrace escarpment. 

The shale is rather soft and crumbly, and in places contains 

abundant mica flakes. It is highly ferruginous and weathers to a 

red clay, which is more plastic than the mass produced by grind- 

ing the partially weathered shale and mixing it with water. 

This material has not thus far been utilized in New York state, 

yet it is extensively employed at several localities in Ontario, nota- 

bly Beamsville, for the manufacture of pressed brick. 

A sample collected from the exposures at Lewiston was tested 

with the following results. 

The partially weathered shale gave a lean mass when mixed 

F with 16% of water. The air shrinkage of the bricks was 3%, and 

the tensile strength of the air-dried clay was 15 pounds a square 

inch. 

The clay contains .6% of soluble salts. In burning it shrinks 

very slowly, and at 1 the shrinkage was only 6%. At this point 

the shale had vitrified and showed a deep red color. Incipient fusion 

occurred at .04, the clay burning bright red. It became viscous 

at above 4. ; 

Its composition is: 

CCE ae 6 @ Camere aenrenp beng SY Cee as i ae 59.50 

PUGS ay 0: Ree sear aia G1 ee 20.60 

ESRB ORIG: 5. as prep eae A Soe ee ee ces eee as 8.00 

UPS ia re eee pede! 3 50 Ri a .80 

EE atta eee (6. yD 35 

fe OS Em He RI ma) CO SR A 3.60 

SE ae MS 2 tS Ne i RR le a te oe 
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Owing to its highly ferruginous nature, it tends to blister when 

burned to vitrification unless heated very slowly. 

Clinton. The Clinton group is shale-bearing in its lower mem- 

bers in eastern Wayne co. It is a bright green shale and is about 30 

feet thick. At Sodus Point the shale is purplish. It occurs at other 

localities, but is very thin, not more than 2 to 4 feet. (Hall. 

Geology of the 4th district of New York, p. 59) The second 

green shale of the Clinton group is less brilliant in color and every- 

where full of fossils. It is well exposed at Rochester and at Wol- 

cott furnace, in the banks of the creek, where it is more than 24 

feet thick. The shale is probably frequently calcareous. 

Niagara. Though a prolific shale formation in New York state, 

the writer has not seen any exposures of it which were not either 

very silicious or calcareous, so that it would probably not work well 

for the manufacture of clay products. When ground and mixed 3 

with water it possesses no plasticity. 

According to Prof. Hall (Geology of the 4th district of New 

York. p. 80), the Niagara shale forms a member of great develop- 

ment in the lower part of the Niagara group. It is a dark bluish 

shale which, on exposure, forms a bluish gray, marly clay. It is 

well shown at Lockport, in the sides of the gorge at Rochester, just 

below the railroad bridge, and at many localities in Wayne and 

Monroe co. The lower layers of the shale are less calcareous 

than the upper ones. | 

The following is a partial analysis of this. shale, the sample 

taken from the gorge at Rochester (16th ann. rept U. S. geol. surv. 

pt 4, p. 569). 
Sifted: oat ln see ee ae denote eae ae ae 9835 

Ammann“. Ss cis oy ee eee DA hae 10.47 

Ferrie Omid Ns ote aes eet ee ee 1.90 

Tartine 555 es ge ale win ny aie ee 21.47 

Magnesia i). 54s aly = eon eel ep eee 8.24 

Alkalis 2500: cica cis. sue © 5. eas ais lean a a 5.738 

H. T. Vulté, analyst 
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The shale is also to be found in many of the ravines and gorges, 

from Rochester to the Niagara river. 

Salina. The shales of this formation are contained in a belt 

extending from Syracuse westward along the line of the New York 

central railroad to Buffalo. As a rule they are extremely impure 

and at times even marly. They are soft shales, which weather very 

easily, and are generally red or green in color and contain the beds 

of gypsum and salt. 

The Salina shales are well exposed at Warner, near Syracuse, 

where they are utilized for making brick. 

Prof. Hall says of the Salina or salt group (Geology of the 

4th district of New York. p. 117), that it forms an immense 

development of shaly marls and limestones, with interbedded de- 

posits of gypsum. The formation extends from Syracuse westward 

through southern Wayne co., and northern Ontario and Seneca 

co., northern Genesee and Erie co. and a small part of the southern 

portion of Niagara. This group contains important shale beds, 

though they are unfortunately very calcareous at times and conse- 

quently require careful manipulation. 

The red shale forming the lower divisions of the group was not 

observed west of the Genesee river. It appears in eastern Wayne 

co., as indicated by the deep red color of the soil overlying it. 

At Lockville the greenish blue marl with bands of red has been 

quarried from the bed of the canal. West of the Genesee this is 

the lowest visible mass; the red shale has either thinned out or 

lost its color, becoming gradually a bluish green; while otherwise 

the lithologic character remains the same. On first exposure it is 

compact and brittle, presenting an earthy fracture, but a few days 

are sufficient to commence the work of destruction, which goes on 

till the whole is resolved into a clayey mass. 

The green marl of the lower division appears near the canal at 

Fairport and again at Cartersville. The bed of the stream at 

Churchville shows the greenish blue marl. 

“The prevailing features of the second division of this group,” 
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says Prof. Hall, “are a green and ashen marl, with seams of fibrous 

gypsum and red or transparent selenite. It occurs in the vicinity 

of Lyons and numerous points farther west ”’. 

The third division contains large gypsum beds and is probably not 

suitable for use. : 

The Salina shale, as stated above, is worked at Warner, Onon- 

daga co., by the Onondaga vitrified brick co. The shale as exposed 

in their bank consists of a green or red, soft, argillaceous shale, 

of considerable impurity, as the following analyses furnished by 

the company show. 
Calcareous Red Blue 

layer in bank shale shale 

Sra ee ae eee ee 25.40 52.30 5 Tae 

PAS ae ee 9.46 1885 16.03 

Merric Oxide er ee 2.24 6.55 5.20 

Taya i rae ethene 22.81 3.06 9.13 

Masnesias to Se eee 4.49 4.67 

Carbonic acid....... we 20. 9G 3.04 3.42 

Potash ¢ 25.) ee tee ee 205 4.65 4.11 

Deda. + .Uce. cea eee: jreahen Tee ieee 1.35 1.22 

Water and organic matter 7.60 5.30 4.50 

Total fluxing impurities... 36.39 20.40 17.93 

These shales must be quite fusible owing to their high per- 

centage of fluxing impurities. 

At the works of the Onondaga vitrified brick co., the shale crops 

out in considerable thickness near the yard, and is of various shades 

of red, green, and gray; it disintegrates very rapidly, and the whole 

bank is traversed by numerous cracks, so that a small blast brings 

down a large amount. The material is mixed with a surface clay 

in the proportion of 1 of clay to 3 of shale; it is ground in a dry 

pan, and molded in an auger machine; the green bricks are dried 

in tunnels and burned in circular kilns; the product is of a red color, 

and very hard. 

Marcellus shale. This formation presents numerous undesira- 

ble features, so that its occurrence is of little importance to clay 
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workers. It is generally slaty, gritty, and contains not infre- 

quently much iron pyrite and bituminous matter. The rock is 

well exposed in the bed of the river at Leroy. 

As the Hamilton, Portage and Chemung are the most promising 

and most extensive of the shale formations occurring in this state, 

a series of physical tests was made on samples from several locali- 

ties, to determine their characters as related to each other, also as 

compared with other deposits. 

The samples were ground to pass through a 30 mesh sieve’. The 

determinations made on these samples were: 1) amount of water 

required to make a workable mass, 2) shrinkage in drying, 3) shrink- 

age in burning, 4) plasticity, 5) tensile strength of air-dried bri- 

quettes, 6) temperature of incipient fusion, 7) vitrification, 8) vis- 

cosity, 9) per cent of soluble salts. 

The localities from which samples that were tested came are 

Jamestown, Angola, Hornellsville, Alfred center, Cairo and 

Corning. 

Hamilton. The Hamilton is one of the great shale-bearing 

formations of New York state. It is also widely distributed, ex- 

tending from the Hudson river to Lake Erie, and at these two 

points shows wide extremes in its lithologic character. In the east 

it is a true sandstone, in the west a clay shale. “The valleys of 

Seneca and Cayuga lakes are both excavated, for more than half 

their length, in the shales of this group”. (Hall. Geology of the 

Ath district of New York, p. 187) 

The Hamilton shales extend from Port Jervis northeastward 

along the edge of the Chemung area in a belt about 5 miles wide, 

and then swing westward from a point a few miles west of Albany to 

Buffalo. In the central part of the state the Hamilton belt is about 

20 miles wide, and thins to about 12 miles in the western half. The 

Finger lakes are largely bounded on the north by the Hamilton 

shale area. : 

10f most of the shales ground up by disintegrators, about 60% of any 

sample will pass through a 30 mesh sieve, and the balance through a de 

or ¥% inch mesh. 
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Along the banks of Seneca and Cayuga lakes the full section of 

the Hamilton group may be seen. ‘The lower members are the 

most northern, and dip to the south under the higher ones. Prof. 

Hall makes the following divisions: 

1 Dark, slaty fossiliferous shale, resting on the Marcellus shale 

2 A compact, calcareous blue shale, of little thickness 

3 An olive or blue shale, which in its upper layers is stained by 

oxid of manganese. ‘This is one of the best adapted for clay 

products 

4Ludlowville shales, often sandy in their nature 

5 A limestone / 

6 Moscow shales, of grayish blue color, and slightly calcareous in 

places 

These subdivisions can all be seen along the eastern shore of 

Cayuga lake from Springport to Ludlowville. 

Cairo, Green co. This is one of two localities at which the Ham- 

ilton shale ismined. The material, which is shipped to the works of 

the Catskill shale paving brick co., at Catskill, is a reddish gritty 

shale possessing little plasticity. This material was at first used 

alone, but found difficult to work on account of its excessive lean- 

ness, and consequently is now mixed with 50% of common red clay 

also obtained from Cairo. Samples of this mixture were tested with 

the following results. The moderately plastic paste shrunk 4% 

in drying, and 9%in burning. Air-dried briquettes had an average 

tensile strength of 97 pounds a square inch, and a maximum of 100 

pounds a square inch. 

Incipient fusion occurred at cone .05, vitrification at cone .01, 

and viscosity at cone 2. | 

The mixture of clay and shale is ground in dry pans, then passes 

to the pug mill on the floor above, whence, after tempering, it is 

discharged to the auger sidecut machine. The bricks are re- 

pressed, dried in tunnels, and burned in down-draft kilns. The 

company has recently erected a large continuous kiln; in this kiln, 

most of the firing is done in temporary fireplaces built in the door- » 
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ways of the kiln, no grate bars being used; it is said that prac- 

tically no fuel is charged through the small openings in the roof 

of the kiln. 

The Hamilton shale is also utilized in the western part of the state 

at Jewettville, where dry pressed and also stiff mud brick are made 

from it. (See detailed account of brickyards, p. 724) | 

Several samples have been collected by Prof. I. P. Bishop in 

Erie co., and tested with the following results. The numbers pre- 

ceding each locality refer to Prof. Bishop’s notes. 

No. 2. Hamilton shale from near Windom. Forms a bed 

10-12 feet thick. When ground to 30 mesh, it took 22% of water 

to work it up. The mass was fairly plastic. The tensile strength 

was 40 pounds a square inch, and the air shrinkage 444%. 

At’.03 the total shrinkage was 9%. The brick was deep red, hard 

and semi-vitrified. Vitrification occurs at cone 1, with a total 

shrinkage of 14% and viscosity at 4. The shale is slightly calca- 

reous, and the soluble salts were noticeable on the surface of the 

dried bricklet. A determination of these showed 94. 

No. 3 of Bishop is a 5 foot bed above the preceding one, and 

took only 20% of water to work it up. The air shrinkage was 24%. 

At .06 the total shrinkage was 4%; the color of the bricklet deep red 

when incipient fusion had been reached. It vitrified at 1 with 8% 

shrinkage. Viscosity began at 4. The percentage of soluble salts 

was 6%. The analysis yielded: 

Pa pale tla d\n die pilin SOMME Ce Be he 57.30 

Sev ec Sia a ee ee Cas cess i, Gh Ol 

MUCTAIG MARIE 05: a. ccchu cee ie eet ee eee Ak a en 6.50 

LP UR Ee fe Pe ari PE ES Cb o pea no a oars), ME 

MEO hoe Werte aan aetna eax ol ole Syo%y 6 9'.8 1.50 

Poe LE ec. Se hae MeN EES eh a EE ely wn Petre 

19) aria ae 0 8 Ce a a ee 7.80 

No. 4 of Bishop is from the top of the Hamilton shale at bridge 

west of Websters Corners. The bed is 5 to 6 feet thick. This 
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sample gave quite a plastic mass, with 21% of water. The air shrink- 

age was 3%. When heated to .06 the total was 4%, with incipient 

fusion, and the color deep red. The clay vitrifies at 1, with a total 

shrinkage of 7%. The shale has .2% soluble salts. 

No. 5 of Bishop is also from near Windom. It is a fine-grained 

shale, which worked up to a lean mass with 19% water. Tensile 

strength, 85 pounds a square inch. The air shrinkage was 3%. At 

.03 the total shrinkage was 7%, and the bricklet was nearly vitrified. 

It was completely vitrified at 1 with 9% shrinkage. It became vis- 

cous at 5. The soluble salts were .35%. Its composition is: 

Buliea sb HAP ek male, Oe OR! DOT AU Re Ne 61.15 

ANumatmel sh ek. PE Es PM sR sath ae Be 14.57 

Ferrie oad e207 Gis ore bE DIR, ASAE Se 7.20 

Pai ny OEE PERSE BL EE GET Ce nae 3.06 

Magnesia, fr SRS REA ies Ooh 20 

Alikalis 2h 9 Qe SOE OS, Soe en eae 1.90 

Waters oes Re I erin, es 595 

94.083 

Portage. (See Hall. Geology of the 4th district of New York. p. 

224.) Another important shale occurs in this member of the Devon- 

ian formation. The group consists of a lower shaly member, the 

Cashaqua shale, a middle member of shales and sandstones, and 

an upper one of sandstones. 

The Cashaqua shale is exposed along Cashaqua creek, where it is 

a soft green shale that weathers to a tough clay. It also occurs along 

Seneca lake and at Penn Yan, but east of this becomes very sandy. 

Good exposures are seen along Allen’s creek and Tonawanda creek, 

and the branches of Seneca and Cayuga creeks. On Lake Erie at 

Eighteen Mile creek it is 33 feet thick, while along ithe Genesee 
river it is 150 feet thick. 

Concerning the Gardeau shales, Prof. Hall states that they 

are exposed along the Genesee river, where the section involves al- 

ternating layers of shales and sandstones. ‘Toward the east the 
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hundred feet in thickness. 

shale and contains scattered streaks of bituminous matter. 

sandstones become more prominent, but to the west the shales in- 

crease and predominate, so that along Lake Erie, “the Oashaqua 

shale is succeeded by a thick mass of black shale, and this again by 

alternations of green and black shales”, which aggregate several 

Angola, Erie co. The Portage shale is used by J. Lyth & Sons 

at this locality for the manufacture of sewer pipe, fireproofing, 

drain tile and terra cotta. The clay is somewhat less gritty than 

that at Jamestown. It is a grayish, moderately coarse-grained 

When ground to 30 mesh it required 21.4% of water to work it 

up, giving a moderately plastic mass. The air shrinkage was 4% 

and the fire shrinkage 10%. The air-dried briquets had an 

average tensile strength of 92 pounds a square inch, and a maxi- 

mum of 95 pounds a square inch. Incipient fusion occurs at 

cone .06, vitrification at cone .01 and viscosity at cone 4. 

q The analysis of the clay is as follows:’ © 

4 SC eliigelie Oita tt arate ieee Sie bende» ihe tote A Belden 65. 

PORTH. ic eh aa a YTB. Se 15.29 

deri Omid’. '.).h a oe Deedee uae desk wun 0d 6.16 

Potash ho os po ome 66. ba 3.50 

US TABIR YS 5 gis cy, 3,2 «0:2 soe heen Neln darts: it i sy | 

POTS sn to bas ROS eRe RE BOP Ol eRe ate Dy. CL 

97.38 

GbE, TURISMO PENN es ccs ee nse 16.94 

analysis: 

oh Nga es LSE ase ANSI Pi ne oe 64.37 

PMT 5.54) at seer Maen As Baye sla So 6 a « 19.73 

1 Bulletin New York state museum. no. 12, v. 8, p. 228. 

* Clay worker, December 1893. 

In general composition it resembles a Carboniferous shale used 

for paving brick at Kansas City, Mo.” This shows the following 
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Bewric mids out at cee ERR ucnaoce Sai 

Riad ult V.2cck ele sete. Wat Sacate aii 82 

Magnesia %)::. ain te tank to abe ds Se ediiie 2.32 

Alicaligitinn Mra ine eid oA hae ters is: 

Total impurities £0... 299) .08n) oS eee ee 16.97 

The principal output of these works is fireproofing. On ac 

count of its softness the shale is easily mined and transported in 

cars to the dry pans, where it is first ground and then tempered in 

a wetpan. ‘The tempered material is then conveyed to the upper 

floors and discharged into the usual form of sewer pipe press. 

The glazing of the sewer pipe is done by means of salt. 

Chemung. The most southern shale formations of New York 

state are included under this head. As a whole, the group con- 

sists of interbedded shales and sandstones, the former prominent 

toward the west, the latter becoming predominant to the east. 

The shales vary in color, and are black, olive or green. The shales 

sometimes pass into shaly sandstones; these are often highly mica- 

ceous. The members of the group recognized by Prof. Hall, be- 

ginning at the top, are: 

6 Sandstone and conglomerate 

Old red sandstone 

Black, slaty shale 

Green shale with gray sandstones 

Gray and olive shales and shaly sandstone 

et H= CO bO Cr Olive, shaly sandstone 

Portage sandstone ~ 

Of these members 2, 3 and 4 are the most important to clay 

workers; the beds of shale exposed are often 20 or 30 feet in thick- 

ness and free from sandstone. , 

“On the Genesee river the shale is often in thick beds of a 

bright green color and scarcely interrupted by sandy layers”, 

‘“ ‘Westward from the Genesee river there appears to be a con- 

stant augmentation in the quantity of the green shale, which is 
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often the predominating rock, though from weathering to an olive 

<olor it does not always appear as distinctly ”. 

“In the ravines in Chautauqua co., extending toward Lake 

Erie, the shale still retains its green color ”. 

Jamestown, Chautauqua co. This sample of shale came from 

the bank of the Jamestown shale paving brick co. 

This was a rather gritty shale, which required 18.5% of water to 

make a workable paste; plasticity, lean. The paste shrunk 4.5% in 

drying, and an additional 7.5% in burning, making a total shrink- 

age of 12%. Air-dried briquettes made of this mud had an average 

tensile strength of 16 pounds a square inch, and a maximum of 20 

pounds a square inch. This low tensile strength was due to the 

silicious character of the shale which, however, permitted rapid 

drying. 

Incipient fusion occurred at cone .04, vitrification at cone .01 

and viscosity at cone 3. The clay burns to a deep red and dense 

body. 

A sample collected by the writer a year later, representing an 

average of the material used, gave: water required to mix up, 17%; 

tensile strength, 45-69 pounds; plasticity, lean; incipient fusion 

cone .06, with 5% shrinkage; vitrification .01, with 10% shrinkage; 

viscosity at cone 2. When vitrified the clay burns deep red. Sol- 

uble salts .55%. 

Alfred center, Allegany co. Chemung shale is used at this 

locality for the manufacture of roofing tile. The shale is some- 

what argillaceous, and moderately fine-grained. 

It requires 20% of water to make a workable mass, which is 

slightly plastic. The shrinkage of this paste in drying is 4% and 

in burning 9%. The tensile strength of air-dried briquettes was, 

on the average, 61 pounds a square inch, with a maximum of 62 

_ pounds a square inch. | 

Incipient fusion occurs at cone .06, vitrification at cone .01, and 

viscosity at cone 3. : 
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The composition of the shale according to an analysis furnished 

by the Celadon terra cotta co., of Alfred center, is: 

SIU LLC: ME ROR ACT RT Mme 53.20 

Alumina... 2. 3/250 ee ee 23 35 

Ferric oxid °° 2ctldaa cee wee pee eee 10.90 

lime 2. 0... t 1.01 
Mapnesia (os oe eee Pere ee hoary ey . 62 

Alkenis'. 7. bl en ene eee Oe Eeee 2.69 
pulfurie acid © 2°. e oe es ae By caee ee 41 

Titanie seid 2k so cs 5 weeeee> ait mick eee 94 

Water. to ose ate ober Se Sethi cea nthe et Me oe 6.39 

Manpatese Oxid . 2. °...n wks ie Ghee ee 52 

99.90 

Total. fluxing impurities:«5< shee she ee 15.74 

This shale corresponds very closely in composition to that used 

at Kansas City, Mo.,’ for the manufacture of paving brick, but 

there is a considerable difference in the fusibility, the Missouri shale 

being very fine and consequently more fusible. 

When this factory was first started, both terra cotta and roofing 

tile were produced, but now the Celadon terra cotta co. confines 

itself entirely to the manufacture of vitrified roofing tile, which is 

of a superior quality, and bears an excellent and widespread reputa- 

tion. At first a mixture of clay and shale was used, but now the 

latter material alone is found sufficient; the shale after grinding and 

careful tempering is molded either by hand or steam power ma- 

chines, and set aside to dry slowly. The tile are no longer burned 

in saggers as was formerly done, but are placed in pockets in the 

kiln. The shale burns to a tough, cherry red body. _ 

Alfred Station. A bed of shale is worked in a spur of the hill 

on the opposite side of the valley from the station. It is similar to 

' Mo. geol. sur. 11, 565. 
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that from the quarry one mile north, and is used by the Alfred clay 

eo. for the manufacture of roofing tile and dry press brick. 

Hornellsville, Steuben co. The shale at this locality frequently 

contains interbedded layers of sandstone, which are separated in 

mining without much trouble. The shale is rather gritty, and on the 

addition of 20% of water gave a lean, workable paste, which shrunk 

2.7% in drying and 5.3% in burning. The tensile strength of the 

air-dried mud to the square inch was on the average 34 pounds, with 

a maximum of 39. 

Incipient fusion occurs at cone .06, vitrification at cone .01, vis- 

cosity at cone 4. 

The shale burns to a dark red. It is used in the manufacture of 

_ paving brick. © 

The composition of the clay, from an analysis furnished by the 

Preston brick co., is as follows: 

un Eee a nk on le eae 64.45 

RRM eee ne ee Salk R's oe ae Bt 

PRM PIRTR te EN i alee, a bbe ale oe as 7.04 

ET te 58 

Ce i SR a es 1.85 

CE, Se Se AN ae So ee Pr 2.52 

Me aed ol aie tase win ie hare & 1.95 

96.16 

ETE EE oe leh banat alls Paha Noell ies eae 13.94 

The method of manufacture followed at these works consists of 

the usual dry pan for grinding the shale and wet pan for tempering 

it. The molding is done by a stiff mud, side-cut machine, and the 

green brick are repressed. The burning is in down-draft kilns. 

Corning. A gray, gritty shale is quarried at this point for the 

manufacture of paving and building brick. The quarries are 

located along the Erie railroad, about half a mile west of town. The 
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shale is argillaceous and contains occasional layers of sandstone, 

which are discarded in the quarrying. A siding runs into the 

quarry, so that the material can be easily loaded and then shifted 

over to the works. 

A sample of this shale gave the following results: water required 

for mixing, 18%; plasticity somewhat lean; air shrinkage, 2%; shrink- 

age at cone .05, 3%, with clay incipiently fused; vitrification at 

cone 1; viscosity at 83-4. The soluble salts amounted to .3%. 

An analysis of the shale made by H. Ries gave: 

pailea’ so, JQP BOLTS oes Sos eee oe 58.10 

Alumina... .. Gh, cRyie eee en ete 17.50 
Berrie’ Oxi °) SR ae an tee Arca ineg cee Se Pes 6.00 

Lame «..<....8 Sas ao Oe ee ees ee ee —-4.50 

Mapniésia! 3, treo) cers tat aeen et et ccee oere en 2.88 

Alkali ite cadres eo a 4.15 

Wa ack Ao ak nga he bea ey tet ee ee ec . ae 

Lotal.S i ogee eae ee ee 99.03 

Horseheads. An opening has been made on the north side of 

the valley along the Elmira, Cortland and Northern railroad, to 

supply shale for the manufacture of common brick. The quarry 

face is about 20 feet high and shows the shale to be mostly gray, 

with occasional yellow layers due to weathering. 3 

The shale deposits of New York are destined to play an im- 

portant role in the future. They form an inexhaustible source of 

supply, easily located, adapted as present work shows, to a wide 

range of uses. The products now made from them are common and 

pressed brick, paving brick, roofing tile, terra cotta, sewer pipe and 

_ fireproofing. 

From the tests cited above it will be seen that the shales used 

compare very favorably with the requirements of a paving brick 

material. Most of them are slightly more silicious than the average 
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run of paving brick clays, but this is no serious objection. The lean 

character of many can be overcome by the addition of plastic clay, 

as in the case of the Cairo shale, in which instance the mixture, as 

already stated, had a tensile strength of 100 pounds a square inch. 

The amount of fluxes present permits their vitrifying at com- 

paratively low temperature. But if necessary their refractoriness 

could be easily increased by the addition of a certain amount of 

fire clay. 

Feldspar and quartz 

Mineralogic characters. Feldspar, or “spar” as it is com- 

mercially called, is one of the commonest of rock-forming min- 

erals, and yet, owing to its usual intimate association with other 

mineral species, commercially valuable deposits of it are compara- 

tively rare. The deposit must be large and of sufficient purity. 

Its most common associate is quartz, but the two possess properties 

which render them easily distinguishable. 

Feldspar is usually of a cream or red color, but at times may be 

white. It cleaves readily in two directions nearly at right angles 

to each other, so that fragments often show two smooth cleavage 

surfaces, the result of this property of splitting. Chemically, feld- 

spar is a complex silicate of alumina and potash, soda or lime. 

Quartz differs from feldspar in lacking cleavage, and being 

harder. Its hardness is 7 in the scale, and it easily scratches glass. 

It has also a bright glassy luster, and breaks with a conchoidal or 

shell-like fracture. | 

There are two well marked groups of feldspar minerals, the 

potash feldspars, of which orthoclase is the type, and the lime soda 

feldspars, or plagioclases. 

It is the orthoclase feldspar that is usually mined, though there 

is undoubtedly some plagioclase in some of our commercial feld- 

spars, but a systematic chemical investigation of the American 

materials has, however, never been carried out. 

While there is but slight variation in the hardness of these feld- 

spars, there is a variation in the chemical composition and fusibility. 
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The following table gives the composition and fusibility of the 

different feldspar species according to Dana. 

Name Pnsibilty +802 ARO, K, Nao Cad FeO 

Orthoclase... 5.0 64.7 18.4 16.9 yy 

, { Anorthite 0. 670439 936.7 |. V°DOet 

£ Albite« 4.0 68.7 19.5 Sap oS 
° : 

“bb Oligoclase. . 3.0 16420. 2420 2.0 9.0 Bae 

be eae: 3.0 54.0 29.0 5.0 11.0) aa 

Occurrence. Deposits of feldspar are found in the southeastern 

portion of the state, near the town of Bedford, about 40 miles north 

of New York city. In this region the feldspar together with quartz 

forms large pegmatite veins, in the augengneiss of that region. 

The spar 

more or 

The width of some of these veins is over 50 feet. 

at times forms large masses, at other times it is 

less intimately associated with the quartz, necessitating some sort- 

ing after it is quarried, and, when streaks of mica or black tourma- 

line are encountered in the veins, they are usually thrown out. 

The color of the feldspar varies from dark red to a creamy white, 

though most of it is a deep cream. ‘The largest quarry is that 

operated by P. H. Kinkel & Son, where a large amount of quartz 

and feldspar has been taken out during the last 10 years. The 

feldspar in Mr Kinkel’s quarry is orthoclase, as can be seen by the 

following analysis: | 

No. 1 No. 2 

SiO! sai baler. ciel eee te eea toe te 64.97 65.85 

ALO gs fe og see eee 20.85 19.32 

L(Y.” 0 Peeper erties TE hy a eae tr 24 

JD" (Dy LOSS) <i oss od eee ee 13.72 14.10 

uu ence mee Ea ee jes bo nel ala d Fall Sieve kia “tte 

FOC toma), 2s eee ee here BEG ES ee 

CaO... 2. 22. OR ee 56 

MgOli cin aids ifsc. Ve eRe 08 

100.00 100.15 
= 
——— 
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No. 1 furnished by P. H. Kinkel. 

No. 2 Chemistry of pottery, p. 38. C. Langenbeck analyst. 

Other quarries occur in the vicinity of Bedford, on the farm of 

A. Hobby, and L. McDonald, but their output is not constant. 

Though in New York the quartz and feldspar are found in the 

same veins, still at many localities they occur alone, but in every 

case the vein is found in metamorphic rocks. 

Preparation. The quartz and feldspar are quarried in the usual 

way by blasting, and after sorting when this is necessary, they are 

ground in a buhr stone mill, similar to that shown in plate. This 

reduces the material to a condition of fine sand, after which it is 

put in a ball mill, with rolled flint pebbles, and ground for about 

six hours, the resulting product being a very fine powder, which is 

shipped. 

Uses of feldspar. Feldspar is used to a large extent as a fluxing 

material in the manufacture of white earthenware, and porcelain 

bodies, and is also one of the ingredients of the glaze for hard porce- 

lain. In addition it has also found some use as a constituent of 

glass, the feldspar furnishing the necessary amount of alumina for 

the purpose of hardening the product and as a wood-filler. 

Uses of quartz. Quartz is also used as an ingredient of pottery 

for the purpose of counteracting fire shrinkage, and, in addition 

to its uses in this direction, powdered quartz finds application in a 

number of other branches of the industrial arts. Much of the 

quartz produced in this country is mixed with oil, and is used as 

a wood-filler in painting. That utilized for this purpose is ground 

as finely as the quartz consumed by the potters. It is also em- 

ployed in the manufacture of sand paper, powders and scouring soaps 

and glass manufacture. 

The entire output of the quarries at Bedford is hauled to Bed- 

ford Station, and shipped from there to the potteries at Trenton. 

The prices obtained for both quartz and feldspar vary naturally 

with the grade of the material, and also the supply and demand. 

Ground spar at Trenton brings about $7 a ton, while ground 
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quartz is sold for about $3 a ton. The percentage of ferric oxid 

in the material influences its commercial value to a large degree, 

as, in the manufacture of white earthenware or porcelain, it is 

highly essential that the iron percentage in the mixture shall be 

extremely low. For this reason many deposits of feldspar, which 

would otherwise be of commercial value, are left untouched. 
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MINOR USES OF CLAY 

In the foregoing pages of this report attention has been given 

entirely to those uses of clay which depend on the presence of plas- 

ticity when wet and hardness when burned. ‘There are, however, 

several other directions in which clay or shale can be used, in either 

the raw or the burned condition. At times the plasticity is of value 

in promoting the usefulness of the clay in some of the directions 

about to be discussed, at others it has no bearing on the matter, 

being entirely a question of proper chemical composition. The 

minor uses of clay may be classed under the following heads: 

Portland cement 

Mineral paint 

Clarifying oils and fulling cloth 

Filling paper 

Food adulterants 

Ultramarine manufacture 

Polishing and abrasive uses 

Road material 

_ In engineering work for making puddle 

Portland cement 

As there is a state museum bulletin in preparation, discussing 

the lime and cement materials of the state, this question need not 

be gone into in any great detail in the present report. 

Portland cement is made of a mixture of clay or shale, with lime- 

stone, marl or chalk. The essential ingredients of this cement are 

silica, alumina and lime, the first two being supplied by the argilla- 

ceous constituent, and the third by the calcareous one, the lime 

stone. As a rock containing these three ingredients mixed in 

exactly the right proportions is seldom found in nature, it is conse- 

quently necessary to mix them artificially. Both the materials are 

ground very fine in order that they be intimately mixed, and this 
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mixture then burned in suitable kilns at a higher temperature than 

that arrived at in the manufacture of any except the most refractory 

grades of clay products proper, the object of the burning being to 

cause the component elements of the mass to unite — for which 

reason the material in burning has to be brought to a condition 

of sintering — the new compounds being calcic silicates and calcic 

aluminates. ‘The burned mass is then finely ground, after which 

most of it will pass through a 100 mesh sieve, and a large percentage 

of it through 200 mesh,as well. This ground material when mixed 

_with water has excellent hydraulic properties, the mass setting into 

a stonelike condition. It has been found by Newberry that in the 

best cements the percentage of lime is equal to 2.8 times the silica 

plus 1.1 times the alumina. 

New York, with her great series of Paleozoic limestone forma- 

tions, her Quaternary marls, and her clays and shales ranging in 

age from the Silurian to the Quaternary, is liberally supplied with 

raw materials to support a flourishing portland cement industry, 

and indeed there are already seven factories in operation in the 

state, while an eighth one is nearly completed, and several more 

are in contemplation. 

The characters of the different limestone formations are discussed 

in the bulletin already referred to, and an idea of the nature of the 

clays and shales can be gained from the analyses given in different 

portions of this bulletin. For farther reference there are given 

herewith some additional analyses of clays and shales used at differ- 

ent localities in the United States for the manufacture of portland 

cement. 

Up to a few years ago most of the portland cement used in the 

United States was imported from foreign countries, but at the 

present time it is being found that it is possible to make just as good 

hydraulic cement in this country, and the local production, already 

large, is increasing annually, and prejudice against it, which has 

unfortunately existed, is slowly disappearing. 

| 
| 

| 

| 
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Mineral paint 

By this term is meant a paint obtained by taking some earthy 

mineral or rock, which has the desired color, grinding it to a fine 

powder if it is not already in that condition, and then mixing it 

with oil. 

One of the commonest forms of mineral paint is the well-known 

ocher which is simply a fine-grained ferruginous clay, of the proper 

color.: Common ocher is not quarried in this state, but a variety of 

ocher known as sienna is found, forming a thin bed in the glacial 

drift south of Whitehall, and has been worked for a number of 

years. | | 

In the southern part of the state near Randolph there oceurs a 

series of shale beds which exhibit green, brown, bluish and olive 

colors, depending on the amount of iron oxid which they contain 

and its condition of oxidation. These are worked by the Elko 

mining and milling co., and ground for mineral paint. 

Mineral paints made from clays and shales form a cheap and 

satisfactory form of color application for wooden surfaces. The 

value of the material depends to a large extent on the shade of the 

color, the amount of fineness which it naturally possesses and the . 

percentage of oil which has to be mixed with it in order to give a 

mixture of the proper consistency. 

Clarifying oils and fulling earth 

Under this head is included the material known as fullers’ earth. 

Properly speaking, fullers’ earth is not a clay, because it lacks plas- 

ticity, but some of the material which is put on the market under 

this name and does the work required of it as well as true fullers’ 

earth is ordinary plastic clay. 

FULLERS’ EARTH 

Properties and uses. Fullers’ earth is one of the most interest- 

ing materials with which the economic geologist has to deal. In 

appearance it resembles clay, in properties it differs from it very 

considerably, in that it usually lacks plasticity, and also has the 
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power of absorbing large quantities of greasy substances. The 

ordinary quantitative analysis does not show it to differ much from 

ordinary clay, except that it usually has a relatively higher percen- 

tage of combined water. Fullers’ earth when dried adheres strongly 

to the tongue, on account of its absorbent properties, but on the 

other hand some of the ordinary clays do the same. Fullers’ earth 

was at first used for fulling cloth, that is cleansing it of grease, but 

at the present day its most important use is for bleaching cotton- 

seed oil, and also for clarifying petroleum. Up to within the last 

two or three years, nearly all of the fullers’ earth used in the United 

States was imported from England, where large deposits of this 

material exist. Since that time, however, the importance of these 

materials has become more or less widely known, and it is mined 

in this country also, deposits having been found in different states, 

and in time the importation of the English material may perhaps 

cease altogether. 

The only reliable means of determining the quality of fullers’ 

earth is to subject it to an actual test, which can be done in the 

laboratory. 

This of course necessitates some careful manipulation and prac- 

tice in order to insure the best and thoroughly reliable results. 

Occurrence in New York. In New York, deposits of fullers’ 

earth occur at a locality known as McConnellsville, 12 miles north 

of Rome on the Rome, Watertown & Ogdensburg railroad. 

The deposit has been worked for several years by the New 

York fullers’ earth co., and is a fimegrained, dense, Quater 

nary clay in layers 2 to 8 inches thick, interbedded with 

layers of sand of similar thickness. The total thickness ex- 

posed is about 15 feet, and there is a capping of about 4 feet 

of sand. To mine the earth, the overlying sand has to be stripped 

off and the layers of fullers’ earth taken off one by one, and spread 

in the sun to dry, the racks being movable, so that they can be 

shoved under cover in stormy weather. Thus far this fullers’ earth 

has been used’ only for cleansing woolen goods, and it has been 
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shipped to several factories in New York and neighboring states. 

A. second mine of the same material has been opened on an adjoin- 

ing farm by M. A. Penfield. The New York material has thus far 

not been used for clarifying purposes, and it is doubtful if the 

deposit from McConnellsville will prove to be suitable for this 

purpose. 

Owing to its absorptive properties fullers’ earth has also found 

an application in the manufacture of certain soaps, which are 

adapted for removing grease and printers ink stains. | 

The composition of both English and American fullers’ earth 

can be seen from the following table. 

i we ge 
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Filling paper 

Clay is one of the several substances used for this purpose. 

Jt is mixed in with the paper pulp during the process of manufac- 

ture, the object of this being that the fibers of the pulp shall enmesh 

a certain amount of the clay particles which are in suspension in 

the water in which the pulp is. The plasticity and sandiness of the 

clay no doubt exert some influence on the degree of success-of the 

operation, for it is found that a given paper will often retain a much 

greater proportion of some clays than others, those of which the 

greatest quantity 1s retained being the most plastic, of the several 

tried. Sand is an undesirable constituent of paper clay for the rea- 

son that the sand grains tend to wear out the wires of the screens 

through which the materials have to pass. In certain lines at least 

clay is not used as much for filling as it formerly was. The color 

of the clay in its raw condition is all important for the higher 

grades of paper. For the best quality a very fine white kaolin or 

sedimentary clay is used, it being first carefully washed, but for 

the commoner grades, specially the colored ones, the manufacturer 

does not as a rule have to search very far in order to find the right 

material, as the requirements are not so strict. 

Food adulterants | 

This use of clay is self-evident. It is used as an adulterant of 

those food products which it resembles in color, and which are used 

either in a powdered condition or caked form, either of which 

would tend to hide the presence of the adulterant. 

Ultramarine manufacture 

Kaolin in its washed condition or even very fine-grained, white 

sedimentary clays are used in the manufacture of ultramarine to 

serve as a nucleus for the coloring material to gather round. For 

this work the clay should be as low in iron and lime as possible, 

and an excess of silica is undesirable, but if too little is present it 

may be added in the form of finely powdered quartz. | 

Polishing and abrasive materials 

Many clays exert a combined polishing and abrasive action on 

account of the very finely divided grains of sand which they con- 

tain. The well-known Bath brick which has such an extensive 

ie 
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domestic use for scouring steel utensils is simply a fine-grained sili- 
cious clay, which is deposited during high tide along the banks of 
the Parrot river in England. 

| Road materials 

Clay or shale is used in the construction of wagon roads and 
railroads. 

Wagon roads. Soft plastic clay when used by itself is a very poor 
road material, for the reason that in wet weather it makes the road 

almost impassable at times, and in dry weather it is exceedingly 

dusty. 

Shales if soft and very argillaceous are almost as bad, but, if the 

shale is silicious and well cemented by iron, it often makes a 
splendid road, specially if the traffic is not very heavy. In many 
portions of New York state, shale is used to a large extent with good 

results. In some regions the shale has been partly changed to 

slate, owing to the folding which the rocks have been subjected to 

subsequent to their formation, and the value of the shale for road 

metal is then increased. 

Railroads. In many portions of the west where rock is hard to 

obtain for railroad ballast, clay is used in a very ingenious way. 

The material is dug up along some railroad siding where a bed of it 

has been found, and piled in long heaps interbedded with old rail- 

road ties. This mass of ties is then set on fire at the bottom of the 

heap, and the mass of clay is gradually baked from bottom to top, 

the result being a mass of burned clay lumps of the right size for 

putting on the road bed and as hard as almost any ordinary stone 

that could be used for the same purpose. While this is an import- 
ant use of clay, it would find no application in the east where 

stone for railroad ballasting is so plentiful. 

For a detailed description of this application of clay, see Min. 

und. vol. 6. Puddle 

Puddle is a mixture of clay and gravel often used in engineering 

construction. The clay employed must be such that it will bind 

the pebbles firmly but not crack in drying. The best results would 

therefor be yielded by a plastic clay containing an abundance of 

fine sand. 
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TESTING OF CLAY WARES 

The tests applied to determine the qualities of a clay product 

depend on the use to which it is to be put. Some wares such as 

paving bricks are subjected to sudden shocks and abrasion, others, 

which are placed in exposed positions, must withstand the influ- 

ence of weather, still others must resist sudden changes of tem- 

perature, etc. 

Porosity or permeability 

The denser a building brick the better it will be able to with- 

stand weathering influences. Soft mud bricks are perhaps an ex- 

ception to this rule, for they may often exhibit 15% or 20% porosity 

and still resist frost action. The porosity of course depends on 

the density, and is determined by the increase of weight which a 

brick shows when immersed in water. It may also be of interest 

or importance at times to determine the porosity of the different 

parts of a brick, in which case the brick is broken up and frag- 

ments taken from the center. | 

The absorption of common building brick may be as much as 

20% of their weight, while in the case of hard brick it should not 

exceed 5%; in paving bricks and bricks for sewers not over 2%, and 

in sewer pipe and canal brick it should never get above 1%. 

According to Diimmler (Ziegel Fabrikation, p. 71) it is import- 

ant in the case of vitrified roofing tile and sewer pipe to determine 

not only the porosity but also the permeability. With roofing tile, 

which simply serve to drain off water, this is done by heating the 

tile first to 100° C., then placing on it a tube whose cross-section is 

10 square centimeters, and whose hight is 20 em. This is 

fastened to the tile by means of wax, and then filled with 10ce 

of water. The time is then noted which this water takes to soak 

in, and additional quantities of 10 to 15 ce are added at a time 

till drops begin to appear on the under side of the tile. Roofing 
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tile which allow the water to percolate through them in less than 

six hours should be rejected. 

For sewer pipes the water must be put under pressure, which is 

done by closing the two ends of the pipe with plates of iron, the 

joints being tightened by means of rubber bands around the edges. 

The pressure is then applied by means of a piston till the manom- 

eter shows the desired pressure, at which point it is allowed to 

stand. If the pipe is impermeable, the manometer will remain 

at that point, but if the pipe contains a flaw the liquid in the mano- 

meter will fall and moisture will appear on the outside of the 

pipe at the point where the flaw is. 

Breaking strength 

This test is made by allowing the stone to lie flat on two parallel 

supports with sharp edges, while a third edge is caused to press on 

the upper surface halfway between the two supports. The 

pressure required to break the stone is then measured. If the 

upper surface of the stone is not perfectly flat, it can be made so 

by laying on the upper surface two parallel cleats of portland 

cement one cm wide. See “ Paving brick”, p. 745. 

Hardness test 

The hardness of building material can be determined by means 

of Moh’s scale of hardness. This scale is made up of 10 different 

minerals, of which each is harder than the preceding one in the 

series, and softer than the succeeding one. The order, beginning 

with the softest, is: 

1 Tale 

2 Gypsum 

3 Calcite 

4 Fluorite 

5 Apatite 

‘6 Orthoclase 

7 Quartz 

8 Topaz 
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9 Corundum 2 

10 Diamond ; ; 

If the hardness of the brick is such that it can be scratched by 

quartz but not by orthoclase, its hardness is no. 7 of the scale. 

Vitrified products should show a hardness of 6-7. 

Determination of deleterious impurities 

The stone or brick is to be subjected to a damp atmosphere for 

a period of time. If it contains any lumps of carbonate of lime 

or pieces of pyrite, these will soon show themselves by causing 

the brick to flake off. The moist atmosphere can be produced by 

placing the brick under a bell glass containing a bowl of water. 

The method suggested by an international committee appointed 

to decide on a standard test, was that a portion of the brick should 

be put in a Papin digester containing vapor under one fourth 

atmospheric pressure for three hours. 

It is advisable in all cases to subject the raw material to an 

examination to see if any harmful impurities are present. 

Determination of soluble salts 

These are determined by breaking off chips of the brick and 

grinding these to 100 mesh fineness. 25 grams of this powder 

are boiled for one hour in 250 cc of water. ‘The water is then 

filtered, and from this filtrate by evaporation the amount of dis- 

solved salts is determined. Salts of vanadium show themselves 

by the presence of a green tint on the surface of the wet brick 

after it has been set aside in a place protected from dust. 

Resistance to weathering | 

One method of testing this is to subject the bricks, which have 

been immersed in water, to a freezing temperature, which can 

be easily done by covering them with a mixture of ice and 

salt. The frozen bricks are then subjected to water having ‘a 

temperature of 20° C. This process of freezing and thawing is 

repeated 20 or 25 times. The particles which break off in the 
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operation are weighed, thus the percentage of loss is determined. 

The bricks themselves are also to be examined for cracks after 

this treatment. 

: Resistance to acids 

Certain structural clay products, such as bricks for sewer works, 

pavements and walls, as well as those used in acid works, which 

are more or less subjected to the action of acids, are to be tested 

for their resistance to the latter. The best way to do this is to 

pulverize the product to be tested, separating the fine powder, 

then subjecting the coarser material to the action of acids of dif- 

ferent degrees of concentration for 24 hours. The acid is then 

filtered off, and the powder is washed, dried and weighed to 

determine the loss. 

Abrasion test 

This is described under “ Paving brick”’, p. 745. 
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number of different sources. 

NEW YORK STATE MUSEUM 

CLAY, 

The following table of clay analyses is probably the most com- 

The analyses are arranged under 

clays, slip clays, adobe soils, brick clays, shales, paving brick clays, 

the clay whose analysis is given is available for only one purpose, 

used for several different products. 

The constituents given, in nearly every instance, are silica, 

water. 

The following abbreviations are used. 

a ferrous oxid 

b lime carbonate 

State and county 

Alabama: 
Calhoun ...... Bislaiate\erets 

Arkansas .veee shesacnoAs 

Georgia: 
IBATCOW es cie'snic wicteraia iene 

Kentucky: 
Graves.... 

Massachusetts: 
Hampden....... scones 

Missouri: 
Tig" OIA) /siecas aise eyel ove oie 

TGC ONS sis leteio wie’ gre Baers 

Wake erence e@eeeceeceeves 

Pennsylvania: 
Lehigh........ 

Wisconsin: 
Wood.. 

In many cases titanic oxid, organic matter, phosphoric 

Residual 

SILICA 

Town Material aa Alumina B brid 

bined Free 

Morrisville ........08. From Knox- 
ville limestone 55.42 22.17 8.3 

Cs wa Peldeitiethasiee celecuil rom: oh Clair 
limestone .. 83.55 30.18 1.98 

WaT HE TSW ier sets iscis cll nie ee la ee ae 58.63 20.47 8.58 
Rockmart...,... seee.| Caen stone... 61.66 19.64 7.64 

a od oat etate Nah seoseeeses| HOM chert .. 76.78 14.74 1.64 

Blandford ....s.ssenss eeeeoeeveve eeees 52.03 31.76 tr. 

R. R. cut at Tiptop.. adhe ae Meade 90.05 4.68 2.81 

Morris shaft.......... sovataeie ais ae 72.35 15.86 2.25 

Colbert eoeeeeeee eee . e eee esses eee 65.85 21.2 2.05 

Cary eeesneeaeene ee s eri}; e@0e68 eens een 54.54 26.48 9.04 

Fogelsville...... esa], POM Slate,’ + 72.164 21.764 .99 

GAN PEADIGS) create ate all) (srw sinvae/eie'erels Bek: 70.83 18.98 1.24 
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ANALYSES 

CLAYS OF NEW YORK 861 

plete that has ever been published; it has been compiled from a 

the following heads: residual clays, kaolins, fire clays, pottery 

terra cotta clays and pipe clays. This is not intended to mean that 

for, on the contrary, it frequently happens that one clay can be 

alumina, ferric oxid, lime, magnesia, alkalis, combined and free 

acid and sulfuric acid have been determined. 

c titanic acid 

d magnesium carbonate 

é organic matter 

clays 

WATER 

Lime |Magnesia| Alkalis Eee 
om: | Free o bined 

A 

1 15 1.45 2.49 Grab | Alek ar ewes Bas 

2 3.69 26 1.57 10.72 Py Og 2.58 

3 tr. 1.42 4. 7.26 sites seal tiaicte 
4 tr. tre 2.382 eseeeoteseseeteoe seeseeeeene 

By *: or .389 1.557 4.894 evececececes 

6 tr: 54 eeeeenene 15.55 

if tr. tr und 2.72 dines migingae 
Oss 

8 1.09 TOE A Nis sinless 3.05| 1.46 2.46 
Loss 

9 52 Lee abh ace 4.83| 2.14 2.64 

10 eeeeeeees eeeeeeee eeeeetee 9.87 ee ee eeeer 

11 224 .698 5.139 4.758 voWuwetea ist 

12 24 02 2.59 5.45 CO, 1.02 

Firm name, authority, 
or analyst 

From Ark. geol. sur. rep’t on 
manganese 

Georgia geol. sur. 1893 

Ky. geol. sur., chem. rep’t A, pt 3 

Tech quart. 1890 

Mo. geol. 564 
Ibid., 2: 1872, 11: 288 

Penn. geol. sur. D, p.13 

Wis. ae. sci. 1870-76 



862 NEW YORK STATE MUSEUM 

co wo | No. 

Ore 

GYAWAM cs cclcene sec ciel 

Arkansas: 
Pike ~eeeeesseeeeeeeeenes 

Pulaski. - eeeeeeeeaee tens 

Ouachita..ccccesccrcess 

Colorado: 
JeHETSOD. .ceccccneccees 

Connecticut: 
eveeees eeocerseeetoesotesons 

Florida: 
Lake eee rccccccevcocvese: 

Indiana: 
Clay. ecoeoeceeoeseeeoeveeeeeee 

Lawrence Ayototicielcrarnratert’ 
oeeeoseoos 

Massachusetts: 
Hampden....ccccsseees 

Missouri : 
Bollinger. ..cssesecseess 

46 
SPOS HCCHOHBOOE® 

Cape Girardeau........ 

Carter. eeeespseee epee eeeen 

Stirling Aheey place), 
Howell eeeseeens 

West Plains 
bank), Howell. 

Lawrence. aleaetelels 
LAWIENCE,.ceceserreees 

(Yates 
eee 

LAWYLENCE. .cccccvessece 

Oregon.. 

SHANMON secosesscccese: 

North Carolina: 

eeeeeeeeeeseseeseese 20008 

eeeeeeoeeersseoeseessesereee 

eseesooneaeeers 

Four miles west of 

State and county 

Alabama: 
CalIWOUMN:, bcc palais sure sie cen 

Talladega. .cccsecscesece 

Arizona: 

Troy = 

Kao 

Town 

12 miles cou eee of 
Jacksonville . 
Talladega ...ecsseeees 

CHIEGOMN..cisjeicinelsa clealncre 

eeeneeeseseesesesesees 

eeeeoeeeeevene 

Golden . ee@CeGeveeeseose 

Sharon.. eeeeeseeereees 

Palatlakaha .....s..e. 

@eeecroenseseeoeteseeaseene 

Haron \ae8 aces eed 

Blandford....cccveoe: 

Glen Allen. 

Ge 

Brook’s Land .....0.. 

M. E. L. and M. id g 
near Chilton.. 

ereeeeeeseeeeeeeeseece 

eeeeeseeceoeoreseeeeeneees 

Aurora 
Porter and Coates 

shaft, Aurora...... 

Louisvilleshaft, 
Aurora.. weeereeveces 

Arnoldland, Thayer.. 

Trusty land, Winons. 

VIVE a aiaie aleveinie ne pisaiere 
Webster. eeeeeeeerere ee 

Webster. nies ereeeeeeees 

4e 
eeeeeseveseees 

West Mill eeeeeeeeeooer 

@eeeveeeesene 

eeseeeeeereeeeeeseeeeeeee Crude, 

Remarks 

eeeeseoeeeseeee 

eevseceosesesese 

Washed kao- 
lin. eevee eseor 

ereeeeseeosacter 

eeeeceoseesteone 

eeeoeeoeeesesenn: 

Nonplastie 
white kaolin 

eeeerereeessece 

Used for white 
ware.. eves 

oe 

Kaolin washed: 
not worked. 

Washed, 
worked 

Not worked .. 
Halloysite.... 

Halloysite not 
sworked ‘ 

Halloysite not 
worked .... 

Ka’lin(w’sh’d) 
not worked... 
Not worked .. 

Wash’d kaolin 
Wash’d kaolin 
Crude kaolin. 
Cl’y sub’st*nce 
of abuve..... 

Wash’d kaolin 

Crude kaolin. 
Clay s’b’st’nce 

aolin ., 

SILICA 

Alumina 
Com- 
pinea | Free 

Ferric 
oxid 

———————— | fl 

1.3 
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lins 

WATER 

Lime |Magnesia} Alkalis Miscellaneous Firm names, authority, 
Com- F or analyst 

S bined ie 
a 

1 79 eeeeveene eeeeveeee 13.96 eeeeere eeeeeeere eseeeee eeeeee G. H Bivan, anal. 

2 sa Ba! .68 ES EG rae |) ral isisinain aise Odie paraeie Siicmiee Paar geol. sur. bull, 

3 2.17 tr: eeeeee ae eeeeeeteeeeeeeeeee eesveees eeseeer eereee 

4 .19 BOE nic tisiate aie 18.29 aiuiouharaterour| Sec gates sali tee score Min. res., 1891 
5 .84 25 6 13.61 a AncoCeer tl | Acne MEIC she 
6 e@eesese eeereeee | #8 Bee eee 138.4 @eestevevee | @eoeees | seen < 

7 .29 2 1.55 14.66 eevee e8e | ~eeeee 4 seonene 

8 tr. eoereeee 5 aa § 12.49 | e@eeeene @eeaeeser- eeeeee eeeeer 1a Ef Regi, anal. 

9 ct i <43 eeeereeee 18.78 $03.07 eeeeee eeeeee Min. industry, 1398 

Loss } 
10 25 Geiamieinels -79 Rey 1 wha lebsrcicoiet are Spe 11.17, Ind. geol. sur. 1878 
re j p. 158 

Ne of ed eee os eh) IGOR) S| ecco Pacacce locdeces | Penn, mineral co. 

13 .37 3 .35 per oa eee ancowinoas |Measeee stones | Ind.” geol.. sur: “xx, 
105. 

14 tr 64 tr 15 55 eeeeevesr eseeee eevweens Tech. quart.. 1890 

15 -68 .39 .42 7.04 siatatataiele nodtieccn Seat arse ilies we nisiets Mo. geol. -ur. 11: 536 
16 1.6 tod Fick ete i a) le ae elatnjele sis Be eae 2.2 From Glen Allen Kao- 

lin washing co. 
1% 24 22 12 eereee | seeeeee e@eeeernese | evevery | ev enee Mo. geol sur. Ds 536. 

18 tr aa. 24 GTS! Ma Skee hela ewe) Uh sits, cate sc GOob be liek 

19 24 31 6 DS ea ee eee Sorhcue ou) aceotoull occas. Ibid., p. 564 

20 25 41 .68 52.86 . eee @eeervreevee fp OE A Viele errs oe 

21 Soa aye mmcsiata = mE scnucicctuhay Me eaaeeh tio ta A ere cae a Se ieraieia alt ialsis cies Mo. geol. sur. 11: 666 

22 2.2 Waastcietse al tasecersia AE 7.19 IR «fea et Ne Se Oe ZnO. | Ibid., p. 566. 
37.23 

23 2.58 38.9 eieainie ets 6.94 GINGOE SOc meee tee els eres ate rie 

24 16 14 18 Bey cues oe PMD e ata laratacaerey \[aiaree.s © ||- wickeveiele a 
25 26 18 1.21 6.20 PROGR e sete tes eaes tl! ts ae stele Ibid., p 570 

26 43 -20 “5 13.56 SACLE CS [aria aS | bearded Mia fer ae Mining & manufac. co. 
27 45 .09 2.82 8.98 “BEE Sa OE Re onl PRE ee) ae ..-. | Harris clay co. 
28 .57 01 .98 8.8 eee Paes see MALT= eet “eases . | G. Springer 

29 86 .O1 sai | 13:35 eeeeeee —§ #@0@8@r7e88e | weeenee eeeee- se 

80 .50 04 2D 18.4 2.05 eeeneeee eserves eeeeee — 

81 .38 -08 .83 6 ME ERG eS Net ee eee eae weeeee | G. Brindels 
82 .45 .09 .03 13.58 aresetatally ciate relate sis yalllack co. oiee SG Ate: on 
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Kaolins 

SILICA 

Tee a er . Ferric 
State and county Town Remarks - nan Alumina] “oxid 

; bined | Free 
va P 

~~ | North Carolina (cont'd) (eont’ Ph Mae eaag: MeL Res 
1 cnaeseusvesasecvacences | Clays 0 sh mee 

and Fey Oz.. 38.58 33 66 10.46 

we seseeteevreerseeeeeteoeeene Washed dark 

kaolin’ (i. 2. 86.03 6.46 2.14 
3 a eeeseseeese eeeeeeeeseus Clay ;’b’st’nce ’ 

and Fe,0 2 43.46 30.04 9.37 

4 ate eeeeeeeaseeseeveeveeeereene Washed white 

kaolin 638.1 23,33 2.97 
5 Bosticks Mills .. .,... HOSA SCLOOE siecscees | Crude: Kaolin: 

Dil phe eons 68.15 19.99 1.86 
6 We *+@ecseeeeeeeeseereveseee Crude kaolin. 

20. 70.63 21.81 1.49 
if BY MO SHOUIORO AO CMCC | NC Cr ASE Oey Ha avers 47.88 39.04 1.9 
8 SIT ot! Rennes Al race Risley sia'ets siaisiasjasienin | OLMGe “ka Olin: 

22 73.7 16.03 1.57 
9 oe aie sisjelenhiviaelaisslemiecises) INO, COsWwaASaeGs 71.12 19.61 2.18 

10 POR SAV Uz nd Dis Sis: peter Srayeierafauay .. | Clay s’b’st’nce 49 33 35.9 8.15 
11 Cleveland........ Ne argii| AROVEL. ic ccstie oabaaie spell Pra eeemami eons 55.24 30.84 .84 f 
12 J&EKSOR Jin eces Mawaees| Harris” MINES hear # 

WEDSEGE. ; Ruined. . she) bees aisicis bieiorelay eee Oe [nce 40.66 14 ; 

Pennsylvania: 
18 | Chester...... sseeeeee+| Glen Loch, White land ; : 

kaolin co... Raistein'c| (Is nena 4 Sn ee 50.96 #330 
14 we Thomas . miele eiele\p'e cones 43.88 40.96 82 : 
15 de al ae er eals cece all AE Vein toes Baers ake EMIS Coatieot is eek ond Sh 70.88 20: G91. tl tenets N 
16 “6 National kaolin and : 

fire brick works... entero eaten wars 71.02 19.72 1.58 Lf 

17 oe National kaolin and q 
fire brick works.. eoaata stot Valaintatetelete 67.71 20.43 3.12 q 

18 Delaware ............ | Brandywine Summit] .........0..00. 46.278 36.25 1.644 | 

19 SO Te ge! «lg gelh EONS WAG es Seals reapers ieee steiner tote - ofa 47 ,22 34.1 2.49 
20 BOBS sicies nemnsatee sie cigs MEL UCE Miitie: Litts 4 ese afajeets = 66.173 19.89 a.783 

21 ATLeCASter a eke de ooo a MO BESENUGIEUIINE scteakn'|| 6 on eee Gin 20.1 3.9 
22 Chester ...... desdeidecte | HUBS Nottingham .. MOT few ctere! ote nccrhias 46.34 36.32 64 

Os Borie occas wae eee ol) Mertiphown scons. el) ee ie Se 51.62 28.18 2.24 

South Carolina: 
Q4 ATOM <a. aoc circles eoreoeeeeeeer. eee eeoee enone . oe 44.94 39.18 52 

2 , 
9 

26 : 
27 * 

Texas: 
28 Edwards.. eeeeeereeeeene @eeeeeerrevreerseeeeeseeee eeeeaene eeeeeoees 48.61 43.17 eseceeee 7 

Virginia : ( 
99 Nelson. eeoeeeeeeseeoeeee SF Re Pe Cee eee ae eeerreeee e eee 69.5 19.1 eeeeeeee i 

: 
Wisconsin : 

30 Wo0d.....ceccseecesee-| Grand Rapids....... : th Na 78.83 13.48 74 
31 ne i neleralteeten tee ne lesness. (a Weabed).! a... 49.94 6.8 72 
82 Bt GLO: ing vanes es « Hersey.......seeeeee0.) Crude kaolin. 58.82 31 18 tr. 
33 os eeerreeee = eereeeesens Washed kao- 

lin Ae 49.7 38.25 .05 
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(concluded) 

WATER 

Lime nae Alkalis Miscellaneous Firm names, authority, esia fs lyst om Free or analy 

o bined 

z —— 

1 91 .07 2.7 13.56. | seies 

2 17 -04 1 2.9 eeseces 

3 84 19 1.33 14.35 | ..ceoee 

eseeee | W. M. Bowran, anal. 

~waesa) | dA. Holmes, Ti Ar J: 
M. E., 20 

er A. E. Barnes, anal. 
Sonne t 10th census, 2, p. 1078 

aeeree 

7} 
| Rep. Penn. geol. sur. 
; 1885; p. 589 
J 

ROTO Ty a pare OFAN pil Ee? "e geol sur. D.3 

See -sese. | 1885 Rep’t. Pa. geol. 
sisi toa by wh Se sur. 

-seoee | seeeee | Booth, Garret & Blair, 
anal. 

weeee, | Ti09] U. S. G. S. bull. no. 
a) 148, p. 290 

eeeeeees sp eeeeae eeeseees | 

eeeeeeee caersrecee / 

settee ses eeeesenre seerenne P= es eee oO 

.38 ee | 1.78 CEL cei) || AM eee, |e ees § essere | Tex. geol. sur., 1890 
p. 1. 

eeeesene eeereees 1 11.12 

oe ae Se a ee TAPER (Sas AE [ Wis. ac, sel. 18:0-7%6 
07 -05 38 10.02 "} wscse. 

tr. tr. 87 12 seeeees 

,eeeer p ? 

Superior China clay 
co. 

alt ler ze 
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Fire 

eee 

SILICA 

State and county. Remarks % Alumina 'o 
om- 

| bined | Free 

Alabama: ‘ ji ) 
Louina. AP EE 
J igs venue FASC 

Randolph. cscs sxe 
Galhouwn cs wsewee ce 
Choctaw 2 ssessmscas 
MATION A iicsatinsisee 

Clay. se@eereeevetceeneee 37.29 . 

White clay......... 44.6 38.92 78 
cheep aa 36.3 
White clay......... 47.2 Pikeville . OCOD ee, 09 2H | No. 

Arkansas: 
> POMSObG! Ss edcicaine et Cees eseeseeeeenesseee 61.76 22.91 3.32 

eseteeeee tes eeereeeseaest 70 43 19.15 124 

eseeeeeeeeeeeeeeeeaes 84.24 11.5 .08 

eeeeeeseeceeeeeesreener 

6 GrECNE Ws osee sore nck 
Cs LAWTENCE ....c eens 

eee eeeeeeseoee 

Black Rock Tanase 

California: 
ES Carbondale ....... 

Grass Valley.. R@cooce 
LRG SS Gro 

Washed clay....... 59.98 30 29 
S oe ee 57.75 30.6 » 38 
i sive ees 49.08 37.09 1.9 
+ bale hustle’ 12.54 42.97 

10 Placer......--..0e0. a 

ATHTIUCIAY \\c.< cio vnice 66.75 37.35 125 ’ Sulphur banks.... 
Carville: 5 jssiestererccwte Wash’d whiteclay.. 88.3 85 aS 

fee) aE oe tenses ws He. 
Mea CP UTR GY «seca releto% ercresels 

Colorado: 
14 JeMeErSON ses civees 

15 Pueblotes incense. 
16 Jefferson ......... 

ny . Pa eece eeee s . a fia at@elalctane aioe 

48 & eeeeeoeecevas Fo eeetee- eee 

19 “s saute akan e ee eS eakicte 
Delaware: 

| 

BUCH cicascecs Clay .cccssececeeeees| 28.76 134.46| 24.72 48 f 
ae Ban Cale oN han 35.42 | a1.74 ; 

Crucible clay ...... 71.81 15.09 a1.75 } 
Shale ee occcatwacieecs 49.54 34.04 a .88& > | 

Golden )..cud. ln. 

For crucibles ...... 39.134 33.64 15 4 

eeeee eeeeeevreveeee ee 72.4 14.8 tr. | 20 | Newcastle .........| Wilmington........ 

21 se e*reeeeeee efreereeseevreeeeeeeeeeee 2.0 16.75 a 1.29 } Newcastle......e0 

Georgia: 
22 Baldwineviien Stes 

23 Sf eseeeee eee 

Illinois: 
ty IONEY wc wciantre was oe 
25 SeOtti-: 4cttaaekaare 
26 Mercer Jawenenese 

@eneee @eeeeeneeseeeeeeeee 41.2 38.6 1.45 

ae Eee eo icaeal biases 30.24 |  .06 : 

Stephens pottery .. 

ae 

Geneseow. ieee. sais 
Winchester..... = 45 
New Windsor... 

Indisna: 
37 | Lawrence........-. 
28 Clay +e .ae areeeerees 

Indianaite.......e0. 40.5 36 35 15 
eeeeee -@eeeeveeoevene 67.87 12.7 7.24 

eeeeweeseeseeeeeeeeaee 69.82 14 QF : 2.13 

Huron... taloeioteis 
Knightsville........ 

oo 29 Parke. 5.0¢e0ssaeoe . Bloomingdale ...... 
80 =s @sevweeeeeeeeee Leather wood creek 

 & mile yeh 
Bloomingdale.. 

Mecca (S. L. Me- 
Cuse) 

West Montezuma 
(J. Burns). 

—_ = & _ 

ew 

81 af eeeeseeereves- 

82 Vermilion.......... g 8 

ess SBee * 

Under clay no. 10.. 83.44 
—_—r 

ee = & 
—_ 

Iowa: 
33. | Woodbury ...sccces Sergeant bluff.. 
84 Dallas a deawitn daar 

eeeeeeeeeeeeeereeee 76.8 

Van Meter.. eesieisia D att naps 86 63 
*seeee 55.11 

Cretaceous clay... 67.14 
eeeeeeeoe 2 for) ~ h—_ 

ae Cw Crilisimills.. cuca 

Kentucky: 
i RSET -  cieca'e (Scop ats 

88 wy eseeeee seeeee 

89 | Muhlenburg........ 

eee ccccetevesccessene 74.84 

ee eercccncecvccevenes 47.56 

Blandville.........- 

WYCHiT@l Scan cust 

Ross mine.......... 

Thomas bank...... 

Edgemont eeeeeeeae eeereeeeeeeeeeseeeeeeeoe 46.61 37.2 15 { 

ee eeee eseeeeeeeeeee 73 382 

Under clay no. 16.. 63. 23.57 ; 

' 

5 F & a oj ss st a 

s & — 
ct + 

msastingndierpindeeaegeae eT 



oS we 
clays 

Lime 

S) 
a 

i seaeeeeese 

lies 
3 
4 

“146 
tr. 

5 Avs) 

6 52 
7 52 

8 28 
9 02 

10 bo 
LE | .oeeceee 
12 2 
13 1.03 

14 44 

15 3 
16 44 

17 14 
18 .61 

19 *“* ereeese 

20 35 

21 2. 

22 eee-eeeve 

23 .09 

24 tr. 
b-3) .28 
26 .62 

27 eeeee . 

28 é 

29 9 

30 v4 

31 .44 

32 36 

33 4 
34 eeeeeeeve 

co eee 
36 55 

37 - 269 

38 -3825 

B!) - 203 

40 -28 

72 
1.03 

tr. 

9 

eneeecer 

tr. 

eeeeeeee 

eeseecece 

eeeseeee 

tr. 

2.69 

74 
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WATER 

Com- 
bined Free 

3.98 | 

22.6 
eeeeeessssseeees 

8.12 

6.45 | wccccce 

3.15 

foray Re J Ow 

5 59 — 08 2.98 

5.126 

6.622 

4.195 

10.036 

Miscellaneous 

eeeseeeee 

eenceceene 

eeresses 

eeseseer 

seseeses 

@eeceeces 

eeceseces 

Org. 

oe 

eeaeeees 

Clay subs 
84.524. 

Org. .34 

eeeecee 

eeceee 

TiO,. 80 

in 'i.35| SOy_39 
eeeesene 

seseeece 

eeeeetoee 

eeeeeene 

eeeeeene 

seeeees 

eecese 

eteeee 

eneece 

eeeses 

Py Oo: 
179 

Po O; 
49 

eeseee 

seeeee 

serene 

seeee 

ween eee 

Firm names, authority 
or analyst 

Trans. inst. min.eng.,10 
te 

Ala.ind. and sci soc., 2 
ee 

Ark. geol. sur. 1889, 189 

Jour. chem. soe. Octo- 
ber 1896 

Cal. state min.,fth rep’t 

es 

ce 

ee 

“ec 

M. Moss, anal. 

Steiger, anal. 
Crossley, Analyses of 

clays 
Denver fire brick co. 
Furnished by Golden 
pressed and fire brick 
co. 

Mon. 27, U. S. G.S., 
p. 390 

Ind. geol. sur. 1878, 
158 p. 

Crossley, Analyses of 
clays 

Ga. geol. sur. 1898, p. 
280 

H C. White, anal. 

E. A. Terpening, anal. 

Crossley, Analyses of 
clays 

Ind. geol. sur. 1878 

Helwig & Hobbs 

Ind geol. sur. vol 
20, p. 49 

Ibid., p. 188 

J. H. Hurtz, anal. 
W.5S. Robinson, anal. 

G. C. Patrick, anal. 
furnished by Iowa 
geol. sur. 

EY. geol. sur. Chem. 
ep’t A, part 3. 

Ibid., analysis no. 1618 

Ibid., no. 1488 
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State and county Town Remarks 

ce) 
Za 

Se ed yee 
1 | Carter. eeieietate c/o BOONES LULNACEeic:e'srci|) ersyelnis's sin vidlvlalelee\el oYeisie's 

2 Powdermill hollow :| ss vcccsesccocsecccess 

Bd | Pea GST AIS ate lo cteket cle: ||| OOVUITN DUIS iotelclelerolerered| = \alels}elsieVsivieieiatelaiccale oiatalay 

4 Carter.. eseeveeeeeves Olivehill . euvueeeeeene eeoeeeereereeereestentreee 

5 Se oe Are Rai oo Rift or OR IMICEED “in hro'e cioiace srualit sic iete sie-aistel Vinielojnew aiaints 

6 . Boyan St Jie: Summit. eeeeeegeeee Crucible clay eevee 

|) (CALter sac. cose oes vos) UOUISVHIG ade} lint ‘elave.< 

8 Goo” selsesieesicesert POLAMMrS Seaton. ad tha eat a 

9] Boyd Ben oriole Ashland . TRO aT EAA SIC). sista eeu 
10 ees Ae okimane BR acts eis Pe 8 2G test (ogee mee 
11 Fulton eeveesee eeeeee @CCeeeseeeeeeeeeseeeees Tertiary clay.. peeee 

12 Graves.. erseeeeeeeeoee eeerereeeesaeaeeetevneee £6 eeseeese 

13 Union , wepeeeveeeeeeeese . @eeeeeaetceeeneeeeeseee @eeeeoseeaoeceeeeeecreeeear 

14 | Graves......++...-.| 14 miles east of 
PYYOTSDULG ......] sseceveccvccvecsevecs 

Aeon CATUCINE panielele shais cre) | (OUVEMING 59, cic chelnsisnvl) 16 sianislelaieyetnioa Riaiy ene /aete 
16 Cariisles/cs vinta ve MUD UT sie cc ce election POS eee reer eeeserseere 

|), Callewayi(N, Wide: 206 os ie leveien ences], White ey, aiclelare siaials 
as: |. Graves. BetSd sak Boaz Station ....... rir aide nraats 
19 Marshall . et see a Seale tne Keke Sksihtel er that ala inteletats 
20 Ballard eeeeee s,e2ees Lovelaceville.. . os eesveeesecoeeseons 

Maryland: 
21 | Allegany ...........| Mount Savage.. Winh Clay: vances soe 

22 ee eee @eer at eeeeor ee e ee eae ° 

23 sf esevece eeee Re eeeee @eesee eee 

24 xe Selovialetete an’ |>) NOONE BE Savage 
union mining Co..| «cose: Serte dees 

Michigan: 
25 | Genesee...........-| Flushing ...........| Used for fire brick. 

Minnesota: 
26 | Blue Earth.........| Mankato............| Cretaceous clay.... 

Missouri: 
i lh Crawtlord yencdnenece Oak hills ete ee alate pantie 

25) |) Stioulsek.cewedscen Gel Pena ee. gavew lls >t love. vraluie lo a'eralee ats 
29 ie So autora IMO SMALE eo Aciveia vic? wéteies aes isc ale ogee Ga 
30 Hf Lye mine Se Lae chiara nes Math eas d pot gis 
31 AUGTAIN.. ci0.0..05.500% LC RICO c/a. Siaiiiale’ aisle 5 

2 SA io SteeGrlenteee te dow aeacanl eased: fae buff fire 
brick 

33 Sin bibs FRe, Glas Ls Miata Used for buff fire 
brick . 

34 Sh WR aie tame te ee Hb serstaiaaiacts Used for buff fire 
BriGk c.f reuse 

35 ieee a eth G wleiats|) MERIC IIA in a platoons Washed fire clay... 
86) |) (BOONE: fob ise scans | ban). (Fay’s 

j = Roiebe vhatotdanels Used for stoneware. 
387 Callaway A ae i eidew t LEDS .| Used for fire brick. 
38 ; ..| New ‘@lcamGcla ...| Not worked ‘ 
89 | Crawford ..........; Leasburg .... ....| Flint clay for fire 

Brick wad dvinaetien 
40 eeeeeeee ee eesee eee eee Sankey mine seeeeere Flint clay not 

worked. wate 
41 | Franklin i..cecseess| OLY DFADCH siyincsss)) 2 an Clay ior fire 

brick . 

Fire clays 

* Ferric Alumina oni 

37.471 tr. 

20.735 | 8.82 

10.26 1.12 

39.49 eseeeeeee 

35.16 3 

95 eaeereeene 

39.9 eeees ee 

40.04 4.c0..4e 

43.72 1.98 
40.86 76 

13.609 

16.751 1.198 
6 

80 eeese . 

40.21 "53 
14.82 "96 

38.98 
30.06 3 
31.07 1.5 
2298 1.19 

35.9 ai.5 

38.56 1.08 
30.08 1.12 

33 295 59 

21.2 3.2 

2.15 25 

22 82 1,%5 

31.58 1.92 
40 09 "88 
24.55 2°37 
30.71 1.51 

30.9 1.74 

33.64 1.26 

30.71 1.51 
32.52 1.42 

25.17 1.47 
87 54 1.48 
35.65 1.95 

88.24 28 

28.08 2.31 

41.88 .62 

. 
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CLAYS OF NEW YORK 

(continued) 

WATER 

Lime /|Magnesia} Alkalies g Miscellaneous 
. om- 

S pinea | Free 
Za 

1 .112 tr. Diz 13.03 . . eee P, Ox eewenrer 

.550 

2 213 2.281 8.26 6.4 Pe Saree Py O; Saas 

.o71 

3 tr 064 5 Of 2.276 aS S°S810') # Bis 86 Uits wSd'e.8 es 

4 3 .28 131 9.18 Ao: Renowned | ie itinae 4 ee tet ai 

5 54 15 .07 14.03 era tats ANC sien Rakes ose 

6 1.99 undeter. 2.15 cinta atecaiad Mllrshere tosere BPMN tates 

” ig Vs Al 12.69 Bate eters Seta canis 

8 GE; tr By 14.35 eereceeee eeee eece 

9 1.60 BERL Gul aleve cepa cane cic JLT SRI Oe Ped 3 5 MORTON EL, sree 
10 .29 14 24 Rew hefolepeierctera spa es A cia cae 
at -014 .139 252 .36 P,0 5.051 Loewe Be 

12 ii we .144 11: 5.047 Sisia ehoeae ele Ke dees a's Maha oata.s 
ibe .336 | undeter a 5.% cS Re eee Md eae 

14 4 tr. 5.27 a eeeeeete . eee eee 

15 .88 .06 Cf 142561 | Ue SaeaE as see ws sin ae nica 
16 tr. 331 1.155 6.1 Be ieraimberkinis ealcele See 

17 -773 .136 .481 13.61 SORE se divaiees sas 
18 tr. .064 1.841 5.815 aa Aare Brrre aire 
19 Bt 245 2.093 12 365 SYA se chat es eatars el 
20 .437 .209 1.577 7.3387 Beh Se yclarcic oul bemtele cto dub 

21 13 .02 @eseeeee 12.74 eeeeveese ereeve seer 

22 tr Pig li! -25 4 DT eal ate bands, A eae ce Sew 
23 . ee eenree 8 10.5 sep ee eee . ef se eee 

24 ae 115 seeerene 9.68 @eeeee . eeervee eeee 

25 1.9 es 1.65 *®eeeenreeteeneeeeee eeeeeevnee eseeesee | saeesern 

26 2 12 tr. eee eeeee | 9.25 se eeeone | #©0988808 . ee 

27 45 12 Se fel ts /altiacers w nieicte nian SOx Sid br amne TiO, 

0 ee Bee tr. 4 11.3 Brio, adi te 1.50 
eV) eS FN Wg 2 13.8 Bh ata hotel Neetu T kets <6 
30 tre: .68 eeetrsere 11.25 Peeeeeee eseeee | see vee 

31 54 tr. 1 eeeeeereese eeeeee Ign. 10.56 eenreve eeenve 

32 39 .o2 .49 BABS Ih svete [ates nlace SBS Fis es 

33 BS fi eeeeetee 1.28 11.48 e*sees eeeeeeee eeeeee eenesr 

34 54 tr 1 37 10.56 esteeee ef Saes © e850. 016 @ ee eee 

35 -28 22 .52 12.34 SMELL (ate cas stub icici aise dawters 

36 ol tr. 1.88 8.14 Wi .cinluin wise te |i cists: oe eek 
37 ay4 eeeeree 5 12.76 eeeee . eeeee Gey vee ease eeeer 

38 -51 .26 .49 AZEAR | Ree Sa. HAE eee a eink 

39 1.93 eeeeee . BY 6) 14.94 esee eeeeeneee . . . seeeee 

40 24 .68 2.06 10.438 1.45 *e@eeeeee eseeeee eeeeese 

41 28 2 D4 14 . * . eeeeeeeer seeeee eeeeert 

869 

Firm names, authority, 
or analyst 

Ky. geol sur. Chem. 
Rep’t A, part 3,analy- 
sis no. 1337 

Ibid., no. 1478 

Ky. geol. sur. analy- 
sis no 2715 

| Crossley, Analyses of 
clays 

_-—-—+--- — 

Louisville fire brick 
works 

R. Peter, anal. 

Ky. geol. sur.,n. s. 1, 
217 

Ibid., p. 433 
Ky. geol. sur. o. s. 

361 

R. Peters, anal. 

Ky. geol. sur. Chem, 
Rep’t A, pt 3, no. 
2570 

Thid., no. 2639 
Ibid.. no. 2665 
Ibid., no. 2760 
Ibid., no. 2778 

Pa. geol sur., M. M. 
p. 266 

N. J. clay rep’t, 1877. 

Otto Wuth, anal. 

Saginaw clay mfg co. 

Minn-sota geol. sur. 
1872, 1 

Chauvenet & Blair, 
anal. 

Evans & Howard 

Christy fire clay co. 
St Louis samp. and 

test. works, anal. 

Mo. geol. sur. 11: 563 

“ce 

es 

sé 

se 

ac 

“ce 

Mo. geol. sur. 11: 564 

ae 

se 



870 

ad ne << oO, WwW © KF OM 

par [=>] 

8 

4 

25 

26 

27 

28 

29 

3 
-O 3 

382 

33 

m2 am wm wo w uw | No. 

State and county 

Missouri (continued) 
Gasconade ........- 

ce 

Lincoln.. eeeeteseees 

Monroe. .sccesereess 

it) 

Montgomery. segnde 

Morgan....... sie eis 
. St Louis... eeenevece 

OREYEGYRSRAAOORE 
Phelps. -csscsecasss 

ee 
eeeeeeeonssece 

ee 
eonece 

UH 
eeeseeee-seens 

‘ec 
seeeeseossoene 

SHLOUIS i acsicinivicis'e.s 

evreeesesene 

eeeeeseesece 

eeeeenseoce 

eeveeveser 

6é 

eeeeereses 

eereeesens 

ee re seneee 

sé 

ce 

Shelby ..... 
eee reeees 

SA WVERLED ie irreisie v.ci0'co:o0s 

NEW YORK 

Town 

Drake eeeseeeeereeeee 

Owensville .....c00 

Baker’s shaft 

Clapper (William- 
son) . sccctetteeees 

High hill ........00. 

Versailles sccchwenec 
Bb LSOUIS Sipin eco intents 

Lion (Gostang)... 
St James (Buskett 
bank). 

St ate (Buskett 

eR ee 
eeeeerseees 

t 

ban 
Renae 
bank) 

Bartold (Jamie- 
SOB'S) ics sie steve ser: 

Bartold (Jamie- 
SONS) ac vie sie sereisinle 

St Louis........ 
St i Christy 

CIAY) COG okie sess 
St Louis Christy 

Clay Oca aa see 
St Louis ‘Christy 

CLAY, COsis «veh oiicure 

St Louis, Laclede 
TONG ct seed ai wek oe 

St Louis, Evans & 
HO WATE: wae nmisrcian 

St Louis, Parker & 
Russell. ,, Peevseee 

St Louis, Columbia 
B. road (Sattler). 

St Louis, Jamieson 
French fire clay 

Columbia, E pbadl, 
St Louis..... .... 

St Louis...... 
Coffin & Co., Gratiot 

st 

ee 

ee 

Higgins pit, Lake- 
man 

Chiles bank. saint ater 

STATE MUSEUM 

SILICA 

Remarks 6 
om 

bined| Free 

Flint clay not 
WOPKO 2s. Swett: 40.5 

Flint clay not 
worked .....+....- 44.7 

eeeecerse eevee eeeeeeeeee 34.4 

Used for stoneware 70.3 
s 67.76 

Flint clay for fire 
RIE Kati rrette pieiaialers 45.12 

Not worked ...... 68.94 
Washed clay “for 

glass pots.. .....- 60.31 

Flint clay not w’k’d 47.87 

seeeteeeese reese eeseeeee 51.05 

@eerveeereeenseeeeee ee ene 46.33 

seeeeeeers epee eeeeeeee 47.306 

Min tClaiy se avekvewes 61.408 
ate eeeeseeeveee 6.339 

Flint clay for fire 
brick. ... messes 53.9 

Washed fire clay 
for clay pots..... 55.61 

Silica Clay... cc. W2AT 

Washed fire clay... 64.35 

+e 60.66 

Used for fire brick 61.73 

a 57.34 

os 59.36 

Fire brick and gas 
retorts ....... aces 67.47 

Washed clay for 
glass pots........ 52.98 

Washed pot clay... 52.52 

Not worked........ 51.66 

Pe ene OR cia kien 58.54 
see for. gl ass 

POLS eos Be Ree ah 55 
Washed for. glass 
POUS Fs caea ae wee 56.01 

Fire brick.. tite Maite 48.27 
£67 eae ee 56.47 

Used for stoneware 58.5 

see eeeeeeene eeeeeeeerve 67.6 

Fili t clay. euccseecs 46.18 

Fire clays 

2 73 

-516 
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17 

18 

Lime 

65 

Magnesia] Alkalies 

67 

-63 

1.01 

OLAYS OF NEW YORK 

WATER 

‘ Miseellaneous 
om 

bined Free 

14.15 eovee . e . eeee sees 

12.20 42 aseaece sees 

seencces | coveees LOSS | eoeese | eveeee 
23.08 

7.12 EOkl ew tawex Tibiepiens ee 
7.8 43 -eesesee ae eas 

18.34 ereeeee seeseeee ereene sees 

7.08 eeoeeere eoeonreee seen evees 

10.11 1.96 eeoneeeos eeeses ee 

13.18 37 teeeeses eseces evecee 

14.33 ereeces eoeoesees eos eserves 

13.4 eveeoss eeeeeees | eeeees eeeees 

13.6 eeeeees eeveeeee eeoeee e ee 

9.78 eeeecee sees eees see eeece 

8 8.27 teece eee eee peone 

11.61 1.75 eeeeeoes seeeee 10) gee 

c1.05 

11.13 2.26 eeeneeee ee SOg 

51 
c1.36 

6.56 1.68 eeeeesee Sessee jf et aeuve 

8.94 S.G8 Posen eee Sener | Or. OG 

11.39 eeceteee «eeneoee eeeee pecee 

9.25 2.94 eesecese sever SO 

-56 | 
c1.96 

1.55 2.86 eeevereee eeenes SO 3 

.54 
c1.6 

10.2 2.74 eeeeeeee seeeee SO 3 

.35 
c1.01 

PG) ee ise Sp (Cee + )kSD 5 
24 

11.42 3.68 eeeerees ee . esees 

e@eesees | seereee eeeecees eecoes b 12.42 

11.86 4.06 eeeee eeeee c1.85 

13.26 ease eeerecee eesec eeoee 

11.61 sees eeeeeecs eeere eee 

8.77 74 eee oes . eee e.2 

8.42 DBT | as spicata oli Waie:sie 2.1 
11.44 eeeeeeer eseceee tees seeese 

6.74 4 eeereens eveees ereee 

10.03 1.42 eeeseees eeeeces essece 

14.01 ereeeer eeeseees peeves eeevee 

b Ignition 

871 

Firm names, authority, 
or analyst 

Mo. geol. sur. 11; 664 

Ibid. 11: 564 
Ibid. 1872, 2:288 

Ibid. 11:566 

Christy fire clay co. 

Mo. geol. sur. 11: 568 

ae 

ee 

66 

66 

Furnished by H. Bur- 
den, 2d. 

Mo. geol. sur. 11: 568 

From Christy clay co. 

Mo. geol. sur. 11: 568 

Ibid. 11: 570 

Ibid. 11:570 

From the company 

Mo geol. sur. 11: 568 

eé 

6é 

6s 

te 

Hist 

Mo. geol. sur. 11: 570 

Mo. geol. sur. 11: 572 



872 NEW YORK STATE MUSEUM | 

Fire clays 

SILICA 
——_—_———— = F = 

State and county Town Remarks wee Alumina ait 

bined | Free 
a 

Missouri (contd) 
1 MUIRSETIEG fics iei stesso Kelly’s pit ......... Bling (Clay saicics slates 43.56 41.48 35 
2 bi  tasisinieloiatelald National PH; Bes eee Ares: Hire oe 2 Se oe 44.34 40.8 sat. 
3 WNW wes eevetayie citer whacere ce ORLY GAR bes «ater 78.44 14.08 1.56 
4 He i svfoln elslana &9 Sonim ests Blarelofeys Fire clay < wcaber Sieh, SN 56.69 27.18 1.68 
5 me eeeeereeece hy Pw ap Se ee ee ace sw ee ts 55 6 28 .22 1.02 

6 “ setmieesnbace National pit........ Fire clay . Seiler retstes 53 14 28.54 1.32 
id SS aiatcie stele He st FS RIC el adc he oie 52.0 27.54 1.6 

Montana: 
S| PDESHLOU REY <n ccecddl HORSIMITS wis view iene | on Besieor aie eatin hataele 72 ve 2 

New Jersey: 
9 Middiesex se eee ners Woodbridge........ eee eee ete te eheeesee 61.6 28.38 -5b2 

10 i ST eisione o.cvtl EXOEUNAEIS WIN 2 Ere’s soc], SOMES sarees afsiae meer] Mata eh > lar sees 15.5 1.2 

11 - suseesa sel] WOOGDTIOZE. .pcses=| ROLOrt Clay... ss 40.5 | 6.4 35.9 tit 
12 SH Beas uisieis oe Za eiattore SN COLR YS? soko ics ea aii dole. | SAMOS 5.7 35.83 : 
13 cf sduet ceca] RAFIDMTIVER percck JS Se re ee ens BL Oe GS Eee 35.78 95 
14 ny ag iniulc ole ere) Ys SU ERTUCDED MUL ca corny feiateceseteil lek bamibiecei eas ai obara in abe Eee & 1 36.34 1.01 
15 bb eines ennui] ASLO WOOUs. sa sine a Ades (bea! 5.2 38.4 1.2 
16 ye Gale e dos oa ADO cicep cee ibe Der clay . hein de goles 42.71 Jt 39.24 -46 
17 ae vesdeacte Burnt creek,.......| Washed clay....... 42.9 |. 1.5 38 34 86 
18 Me gaeteseed San Reville sapckeness POI a, spate ss Clee Hee 38 .66 74 
19 is wielnbie ooo Martins doek.t cssrh, ..0k ait «sooo nade 45.1 a 38.6 1 
20 ee Sahin Se Niat Oldbridge..... LySRets  oisKd nies te Macaca knee 24.55 | 44.8 19.85 1 
Z|; Mercer 2. isdscscvcnt CEGRGOU ln yas5% Pees) ee Mee A eee @ others 70 05 19.43 1.52 
22 | Gloucester ........| Conmrad...... ae eisaist | Rie AoE. Ecce Ruan oR 29.5 | 34.5 23.3 1.5 
23 | Cumberland.......| Miliville..... spaecwvitt CLOSSICY S' CLAY. .nixs 77.15 15.65 re 

24 | Middlesex...,......| South Amboy......| H. C. Perrine & Co. 61.76 26.14 8 

25 Oe tan cocaine ee Woodbridge........| Crossley’s clay..... 15.74 18.84 .06 

26 ee ckeisiachcs --.| S. I. terra-cotta 
TEA OESGO i cisteipiclet'| | jeje cisraicis|sieie oie ola/aie/alels/als 56.62 31.5 135 

27 rr icccvesses| Valentine 66 Co. ; 
WWOGRDE MEE: ahsostcll). « wisie vn magn pe ith cbele s 56.82 32.4 mS ] 

28 a . oe oe eaees epeeeereeee ee eee re eee 64.9 £5.28 52 

New York: 
ao) Righmond .612..4..0] WR PeISCMOROMNEs sme. | cise bazar ectemmpingesoe 64.28 24.76 .83 

North Carolina: 
Sel MOOEB.. cauas tua Beet PR bade Aaieinerese spree alttataie 75.84 17.06 a 1.94 

Bei Marneut... .1cssnesen Ss MV aiaios sieeve einiota ll} ustalein ss cniavecsle cicbea a@taaGte 70.6 20.46 1.82 
32] Cleveland......... co gta a ee Sa) RR e re papsyete me 68.28 18.83 2.6 — 

33 | Guilford.... oie OMIM Ts alls phistsipind » Fed's Hn. 05 ws weak a brenen 70.45 17.34 3.16 

34 ROR On, Raia Mais fate ot One mile north of 
POMONA isles oiices| veasess dinieitabeawralee ste 71.6 15.27 3.33 

North Dakota: 
SB.) pMereery ois 4 sierre tard | Plenty coal. mine. ....] \. veadis scene dsltdacers 60.79 16.23 4.49 
Oh. CREE = 5 ld nivemncereld iS itep ats (Toa ee RR See oie iaraiees 72.66 17 33 1.05 
Si AW AT Occ dp aitin e's ac \2| Minotee biawe RidaioelD Black clay. Fo eo ares 53.72 17.78 3.85 

Ohio: 
38 Summit oeewmeereae ee . Akrou ee eeeeeee eceeoeve see eereeeeeeee 51 21 | 8.132 27.62 tr. 

BE ECIOEON . visto ssieaapiale S.. WebSbOP, 5.5 bien | sols’ Renna amooed reddy 40 8 
Bf RILETSON s cieicimarrmeints FY@@ramy | css \cin hiiavavia| Uatee thse a ai oat Emel» 66.77 19 35 4.25 
41 Trumbull .csecccevs Mes has Gong ola claie alte aI a cw wicicoehs Seiea ate ote 44.45 40.15 1.67 
Al OCKSON) \si0:ais aresssivield OF Adah | EN PA ea We enn ore Jods Geral 58.25 31.02 S. Oates 
43 | Tuscarawas........| Mineralpoint ...... Flint Clay)...ssees. | 35.39 | 17.18 31.84 67 
44 | Scioto.......cecce0e) SCLIOtO ee sebinieav | CLAY . . v0 nh Genes seal eee 26 40.05 8 
45 | Columbiana .......| Salineville..........| Flint clay eo eh, ee 27.56 1.03 
46 Perry ee eee eeeeeeeee MOGHRSIR oc sche cause eeeeeeeneereeeeeeeeees 49.2 37.78 e@erervrees 

ee eee 

oe S- 
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(continued) 

Firm names, authority, Lime /Magnesia| Alkalis Miscellaneous or analyst 

-_—_—_—— 

ae eee 2 14 05 T vances diiocaceena | sisewaes | samen? | DO. £OOl, Suit. 1a) bye 
2 : . an . 
3 tr. 37 18 GE ites cia, Petes wiki ni Msennpas Ja epee. a 
4 1.08 1.6 2.74 9.63 Pe ee ey eeeoecar vesone -eeeer ae 

5 81 1.22 2.62 A GaP onsen iiemes cinta’ fis mean ihegrawe « a3 
6 = 1201 .97 14.56 eeecees eeeesese eeeecee sesees Us 

re 1.22 2.24 2.14 13.68 e  seces eeeeeeee reecee | eeee8 . we 

i +8. 3. sieweens fiscannce | cwessea | voterser |. cenens fivacese | Mullan fire b.&.t. Cas 

9 -46 .36 Stub ine ce Ib decteioa I\iccetvet (Lee oL08-|  Cds6 sameog ails poe, SER Ww.bB. 
Dixon, E 

10 inteatestll| cgnpas aes lve 4.9 Dea ec ahistesre. | CLOG lucas: | [| Niet ae ere 1878, 

5 Bahcereteis c1 3 wales Bea 
35 Boe ase cll ooo WP ekooe 

Sache a c1.6 cisestnen| Lowa: 
2 piers siren PeLazee 

sinjetetere |, Lueck: 
eseoee Ibid. 

eseeees Ibid. 

earsceueatl|: LOCOS 
eseeceee Ibid. 

preiaee | clr: 
esesesee Ibid. 

eeesoce Ibid. 

eeservece 2.22 

oversee 1.6 

senccces 1.93 
eereecee 5.35 

eeereree 9.6 

eeeesece 4.58 

SEPEEPE PERE? BL 

—J le) 3 

erveseoce 1.7 eeeoesce snesee 

Fu nee by H. Bur- 
den, 2 

a7 eseestes #eeevese 10.04 

ey 

S 
| 

@e@eeveee 6.68 

eceeees be eeseesee seeeee 

26 tr. amg 9.74 

tr. 2.35 — sisisieiiatcien ese emaniiedemece in| clsp drs eV iUbib Gypsum cle 

Sel @esenese | e8e00e8 

5.27 eesverveece evsoce 

76 6.47 evevovee erncees 

..eese | Crossley, Analyses of 
clays 

"¢.27 Eskridge’s pit, Bull: 
Ferr. 13, a C. geol. sur. 

p.- 

First pit. Pomona ter- 
ra cottaco. Ibid. p. 

-98 6.63 eeeereoces eeeeee 

84 
aeietd . | Woodroff’s clay bank 

Ibid. p. 85 
1.48 5.4 w@eeeese ereeee 

16 35 Sejelfeticiay tt wieieiese : 
9.35 iviaiateiaiais as 

21.82 sete lafelsra’e). lly a canepetous 

eeeeeareeeeeeees eeeeseeen eeeeee ey Wiahstar are mck ne 

«esse | E. Orton, anal. 
13.77 is ...eee | M. Shiras, anal. 

Ohio geol. sur. 7, 1893 

6“ 

A. Tharp 
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State and county 

re) 
Z 

Ohio ( continued) 
1 Shelby .chtcmecies Sale 
2} Hockin sre laleietete ale 
3 TUSCATAWAS....00. 
4 Jefferson ....ceeer- 
5 ce @eeeeveeecest 

6 ne . es eee 

f¢ Lawrence....sseers 

8) Jeflerson vssisc'c sos 

9 Stark eseeeveeseege eens 

10 SET hero ds e@ere 

11 TUSCATAWAS.. ices. 

Pennsylvania: 
12| Fayette..... tania 

13 Clearfieldiaac..e.< 
14 sy A One raL 
15 Gambriak cikiscsreces 

16 Westmoreland..... 
17 os eee 

18 | Olearfield .......... 

19 CUT OM dora scissors 

20 Ce eeeeveeevreene 

21 SOMETPSEDt vaasinscewac 

22 wt teh io ne 

23 Westmoreland .... 

94 ee 

25 Blairs: kee Siaeaiere 
26.). Cambriai«. scare 

27 | Somerset .......... 
28 CUINtOM. Sas eaiedeiatehie 
29 ot eseeeer eee 

307) “Hayette: sheer ecree. 
81 * doi siaaNeleniiate 

32 Clinton ..... Ate ae 

338 | Armstrong ........ 
Bao HR es ee Shie 
85 Rem fs, SRN SI Se ote 
36 Clarion he eee 
S fen (nin Soman Ar ANSE ie, 
38 Indiana . ei OR IAT iat 

389 | Westmoreland..... 
40. pe say 
41 a Bets 3 
B27 OM ay ebb wise cw cues 
43 IBOAWVGE \. as s:eslaiascraee 
44 me Mi ce avs eke ehainis 
45 ENGR cov a os eee 
46.\.@larion «i fats. 
Ag ie MOOTODIIG)..« ve'enc dete 

48 |} Indiana..... fs iw eee 

NEW 

Town 

ereeeeeesvece 

PHEV IS Pieris)" sforeieieiee 
Canal Dover ....... 
Steubenville ..... he 
Newcastle 
Fre-man (Freeman 

fire clay co.)..... 
Hanging 
(Means Kyle & Co.) 
Irondale (Martha L. 

haecey). .. 

Massillon.. 

Canton”. seach 
Strasburg (Dover 

fire brick co.).... 

Connellsville (Sois- 
son mine) ........ 

Woodland ete 
Curwensville....... 
South Fork 

King mine ..... 
pei Hammond & 

Cr ey 

Clearfield (5 miles 
eae tea aot 

Queen’s run. 

6e 

Savage mountain.. 

66 
ee 

Hunker Station ... 

Bradyss run ....... 
Benezet ..... Natattiainie 
Jane Nel rig Sone Sislerelevale 

Keystone Junction, 
Farrandsville ...... 
RetOrh | vsadeccen 
Brillskin township. 
Wymp’s gap..... Shit 

RENOVOvviclecevacees 

Kittanning atiaden ane 
Jay township 
Glen Mayo colliery. 
New Bethlehem.... 
Sligo ly CHAD COOTER 
IBS OLIVE Piien e+ ascsteiasie's 

Salimawycs. cededed. 
Laughlintown 
Jacobs creek....... 
Meadow run ......, 
WVaniporte: wieswesa 
Rochester....cssee- 
Bolivar..... 
Clima hehe leche 
AITO ODE js\s siete w «/nate's 

Black lick ....cssee. 

YORK 

Rock 

STATE MUSEUM 

Fire clays 

SILICA 

Remarks Alumina veces Rican. 3 Oxi 

bined | * Te 

Clyy* Sue sCepgaw bien 52] Oke Hel ane 26.47 1.22 
‘ae ae eee bate at's? @ a eT 25.74 1 61 

Sree s eee aietatsiet oly 35.02 2.3 
Petacale Baha slot 2she chats es is 29.99 81.34. 24.97 1.66 
eeeeeeeoeceoreeaeeeseeeer 55 49 28 33 2.46 

eeeeeee seeeereeeeeeees 66.75 19.95 4.25 

No. 2 fire clay...... 58.72 25.34 2.34 

@eeeoeeeeaseeerereee: EQ. 24, a 

eveeerseeeeseeeeeesenr 61.58 O24 .14 ie 

For fire brick ...... 69.85 19.43 51 

ee eeeeoereseoesreeeeeees 50.09 36.06 1.01 

Hoos sip nininiete, oleleveuaiers’s 55.388 80.42 : 
epee 45.29 40.067 1.074 

Bilger clay.. ate\shciayera a 43.92 38.195 a .81 
Bint elay sven ise. 43.46 41.61 1.03 

Flntielay: idasciaess: 63.81 26.39 1.23 

Fire’ brickscscne acc 53.08 43.41 2.44 

A weoliptaich euutetets ietehararntehersteve 44.05 87.51 a .819 
Raw hard clay..... 46 .65 36.36 1.19 

Calcined hard clay 52.73 40.63 1.73. 

Raw flint clay...... 53.€6 85.484 a 1.28 

Calcined flint clay . 59.16 38.7 a 1.36 

PIM Clay citawscwes « 52.58 33.12 2 

Ret eet BaD oc 62.029 23.656 .896 
Raw clay nears! See 47 .233 38.409 891 
Hard aes ClaN ica: 48.878 32 002 3.629 

dik case iioisiseepas 54.65 30.74 a .08 
hte: wala : 45.26 37.84 2.03 
She door aiaierainte 42.32 37.01 a .95 
Flint clay . re ae ee 55 28 34.17 2.27 
Glass pot clay..... 54.23 32.8 21 

eceeeeeeereseeee- eee 58.84 82.6 a1.02 

@eeoeoreeereenee- ec #8 ee eevee 97.03 9 

Sats abet wal der v Wie wlan 67.57 | 21.042 a .621 
slaia elo) eels oie nina) sn) ehe/ers 51.72 21.738 a 7.875: 
@#eeeeeeeeeeraeeeteoreene 44.61 38 01 a 1.251 

olathe pane winnie eterna a & 56.63 28.85 a 1.26 
eoeeeetereeeen eeeseevene 59.838 24.58 a 1.655 

@eeeereeeeeeereeereeeeeer 51.92 31.64 a 1.134 

vis absnvied ewsisiarms ads 55.68 29.18 a .837 
nc rere eee ane 56.78 26.89 @ 3,22 
eeeeereoeeereeeeeeeee 52. 23 31.31 a 1.008 

eevee eeereeeeeeeeeeeee 60.19 24.23 a 2.097 

anaiehe-< kV nasqaagnk sess 61.98 23 88 a 1.395 
eee ee ee 50.84 30.745 a 8.213 
an eh Me pe SOFT 42.82 40.2 2.59 
a visihw wae uxe 3 SARE 68.35 22.78 a .1l 

64.83 23.95 9 
Flint ‘Clay ‘sé scorns 68.49 18.46 a 

a on 

—ne 
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(continued) 

SRSRRESESS SISKKS 

Lime |Magnesia} Alkalis 

b.6 

45 

12 

74 
048 
.2355 

065 
1.3 

1.83 

08 

CLAYS 

WATER 

Ign. 13.29 

Ign. 9.12 

fens 226 

15.21 
13.01 

8.75 

13.68 

8.049 
13.775 

= cene 

OF NEW YORE 

Miscellaneous 

vesesere 

seeeeees 

eeereese 

eeeerese 

eeereese 

ereeeeee 

eeseeees 

eeeerens 

eeeeeees 

eeeereee 

eeeseeee 

eeeseeee 

eeeevtene 

eeeseeee 

eeessene 

eeeseees 

Peeseees 

eeeneres 

e@eseeeee 

eeeeseee 

eteees 

eeeeee 

c 2.94 

eesees 

Loss 20 

875 

Firm names, authority 
or analyst 

Ohio geol. sur. 7, 1893) 

Ohio geol. sur. 1884 

Furnished by com- 
pany 

Furnished by M. IL. 
Lacey 

From Massillon stone 
and fire brick co. 

From Royal brick co. 

J. H. Cremer, anal for 
company 

J. Soisson & Sons 
Woodland fire brick co. 

1897 Rep’t, Pa. state 
gollvge 
id. 

Ibid. 

Queen’srun fire brick 
co. 

Welch, Gloninger & 
Maxwell 

Westmoreland fire 
brick co. 

G. G. Pond, anal. 
Harbison & Walker 
G. G. Pond, anal. 

J. B. Britton, anal. 
E. E. Melick 
Soisson & Kilpatrick. 
1897 Rep’t, Pa. state 

college. 
Renovo fire brick and 

clay co. 

7} 
| Da. geol. 'sur., MM, 
f p. 259 

J 
Ibid. p 260 
Ibid. p. 263 
Ibid. p. 262 

Climax brick works. 
Otto Wuth, anal. 

"<8 | Pa. geol.- sur. H4, p. eae 194 
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State and county 

Pennsylv’nia (cont’d) 
Indiana....... iiste'as 

t) Clinton ..... 

3 OL eseseeeeceveeene 

4| Westmoreland..... 

Chester eeseeeoeeeeeee 

5 ee 

7% | Allegheny ......0.. 
68 Sf e@eeeeoeveoee 

9 Clarion e*eeeeeeoeeeee 

10 | Allegheny ......... 

South Dakota: 
11 Pennington........ 

Texas: 
14 | Montague......e... 

15 Henderson....ccee. 

Washington: * 
1% | Kine. eenveeeesere 

19 SKagityr). sesiales sac 

West Virginia: 
20 | Fayette....ccscces 
21 Kanawha ..seoeeess 
22 MaTriOM.. ceca cee act 

23 | Monongalia ...cees. 
£ PrestOD ....eeereees 

26 es 

Wyoming: 
Se | ALOR Y:Vasiwele «lolcats 

28 Crook: auelseviaelvio eiee 

Virginia: 
20 | Chesterfield........ 

Town 

Layton Station .... 

Lockhaven.....se+- 

Lockhaven ..ceeoee 

ALUN elelsigeces cua ee 

Valley Forge....es. 

Brady’s run (B. R. 
fire brick CO.).... 

ATGUIS [7 vcie'diuiele cree 
PItCtSOULS ses aeen he's 

Rapid CHEV isc isiee 

Bowie eeeoe eeeoeveees 

@eeeceeevereeseeseone 

ATHENS aces cic decness 

Black diamond field 

Green river fields.. 
eeeeeterece @eeeresecos 

Great Kanawha.... 
Charleston..... eeee 

Eprsguavilie (0: 

Rock creek. .ee-sees 

@eeeoeveeesreoeseereeeeoer 

Robins eeeeeseeteeees 

Fire clays 

Remarks 

Glass pot clay...... 

Soft Glay .vecstsdees 

Hard Clase Biwecoces 

@eeeeeeeeseneeeseseeene 

M. J. Bean’s clay.. 

@eeceseseoeseeces seeev 

eeeeereseseesesereees 

eaveceeeceeeeeeornesreeese 

Silica brick ........ 

Hard clay...ccssss 

C. A. Marshall’s... 

Dark clay,base of hill 

@eveereceesesereeesases 

eeeeeeseeeseseseeseees 

eeecesesseeseeeeseseee 

Hard clay...csseees 
Sach :clay. wscesnevue 

eves eeeaeeeeseeeereees 

SILICA 

Alumina| Ferrie 
Com oxid 

bined | + 

32.28 

36.36 

40.966 

19.26 

68.55 26. 

31.82 | 37.06 

57.5 

69.71 
49.73 

61 
1.33 

PA IT a 
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(concluded) 

WATER 

Lime |Magnesia| Alkalis Miscellaneous Firm eae % 
om- 

2 bined | Free 
a 

1 41 .19 1.08 9.29 vesdoces | recess | seeees 1897 Rep’t, Pa. state 
| college 

d 8.94 Queen’s run fire brick 
2 .05 47 4.56 eeeeeereseetnees eeereees seeees b oat co., ae WwW. Shimer, 

j anal. 

{ Queen’s run fire brick 
3 .08 @eeteesse ice eeeeeesseeeesene eeeccens sss} A Nas W. Shimer, 

anal. 
4 tr. eee ee | @eevecce 14.41 @eereves eeeeee eeeese oe at Pitts- 

urg, Pa. 
gs 1.04 e@eeeseces 5.4 eeeseese eeeees eveese Furnished by A, Bur- 

den, 2d 

6 .19 ahi eeereene 6.14 eevee eee f@eeseses eeeeae eeeseee F., G. Frick, anal. 

¥ 4 12 @eeseees etre eeeees eee eeeseeee eeeeee eeeves From Manown mfg co. 

8 .03 1.02 eeereoee 13.2 eeeeeene eeseeces sseees eseeees From Westmoreland 

fire brick co. 
9 44 15 eeeeee ee 13.99 24 ecereens eseces eeeeee From Erskine & Co 

10 1.86 : eeseesse eeereeer | ts008 e. 14 feeerese eseene eeeres From Stuart fire brick 

co. 

11 tr. 39 ereeeves 3.42 e@eeseeee seeene eesene Rapid City steam 

9 1.243 3.008 brick works 
12 . By . Soeresesererene: @eeseces eecese eeeerze Furnished by F, Cc. 

18 1.3 tr 2.7 eeeceesseeeseees eerseses eseces | seeee ” Smith 

14 .89 % eeereoes feeeeeeesenreese eecesneoes eveces eesses Montague coal mining 

co. 
15 Lins li tr. 6 eeeseese eeeeee eeeves eons ae sur, 1899, 

16 122 39 1.08 | 7.17 | 4.082 | .dasss.s | tele” {igm.899| Gm. Ladd, anal. 

17 5 1 68 4,71 - eece esees eesece } 

5 1891 Rep’t, Wyomin 
18 B43) 15 1.02 eeeeetrr tran peee @eerevee | ceetre Loss. fr state Fook: y & 

19 42 1.28 1.1 12.38 6 .43 CaSO, 8.94 |) 

. .10 enecce 

20 ot tr. .12 12.87 @eetesres | essere eseece Ww. As Bradford 

Sib) str. tr: 2.2 | 76 LO | eeeeeeee HAS |e aes) 
22 24 .36 tr. .Uo serereee enrese eneeee | Bull. on min. res. of 

28 | tr. .02 1 11.01 Pia saboh Wetted eee | West Virginia, 1893 
24 - tr: tr. tre aeol: CAL CEOS Pewee 73" Se a ee J 

25 .36 .346 .481 12 S88" eS eee exe GAGS fede eees I. C. White, anal. 
26 ral -692 2.704 5.58 atten mee 1.387 | cevees te 

) sto 4.14 eeeeeese | 16.26 weeeeees | seeene sseees Bull. 14, Wyoming 

28] 2.69 1.82 2 12.1 sesseves | eseese |S0.88])  O*PCT. Sta. 

29 sige 108 .832 5.025 aCe oe bi | ene | osccee | J. R. Jackson 

——— a ee eh 
—LLLLKL 

} 



878 NEW YORK STATE 

© © I mo per = | No. 

~ Oo 

-_ ory 

12 

State and county 

Alabama: 
Tuscaloosa ........ 

66 

Fayette... 

ee 

Colbert bah Oh 

IPICKONS : jac skiles 54 

Lamar. eeeeeesecee- 

AV BELLO vers ate cessor 

Tuscaloosa ........ 

Georgia: 
Baldwin.......-eee. 

Illinois: 
IP OPO": eeinia.sieie oisverainioe 

Indiana: 
Putnam. 

Clay eeeeeesereseeee 

Porter 

Fountain 
Vanderburg ie 

Kentucky: 
Madison... eeeeseenee 

Mra nin .. jeje efsseslde's 

Hickman. weseecae 

DSRS) OS AROS eTe 

ORIGs Se eint tele shoes Os 
BIAGISON ie pistes wes 
FU TEICONN etiercatietste oes 
GrAVeSaiiakn {Scheie : 
McCracken ......., 

Calloway ...s.seus- 
GYAVES 2 esinsleslemieae 

Minnesota: 
Blue Earth........° 

Missouri: 
Bat tOn ls vcinen steaisares 

es 

Guthrie, Callaway 

Cass eons 

ECFANEDIM ieiese s,s eens 
Henry G eisihs ciolejwinnl inte 

6 
eeeeeeseeenes 

Town 

Prattville . 
W. Dot 
13 miles from Fay- 

ette C. H. 
Shirley’s mills ..... 
Je on eee Pe- 

Betacts Hill, coal 
fire co..... eeecar 

I. B. Green, Fern- 
Was § 6:04 SOE NBER 

H. Wiggins, east of 
Fayette E. C. H.. 

H. H. Cribbs, Tus- 
CALOGSHE -ixis,esleveratene 

sw eeeerses 

Stephens pottery .. 

eoeeoraeseosaeeeseseeene 

Reelsville... 

Martz 

Sumanville.....see. 

seeeeren eeeeeseseor 

Evansville. efeletaretetara’e 

IW ASCO! Nave isuts aavaterste 

HrankKtort).c.<\0 <0 

ereeeeteeeseeeeeeeeeeer 

Pryorsburg ...... 
Paducab (3 m. 8.).. 

Murray (6 m.e.)... 
Bell City . 

Mankato..., 

Wear mine,Minden. 
Waltman’s 
Moore DIACOs sy ura 

Harrisonville: Siaatels 

UNION Ge ciestesn bites 
Calhoun: cncasaiener 
Dunlap pit, Clinion 
Frawe’n pit, Clint’n 

- 

MUSEUM 

Pottery 

SILICA 

Remarks Alumina| F wok g 

Com- Free “i bined 

Tuscaloosa Creta- 
COOUS: seine aie steele = 66.122 24.781 r 

Stoneware clays... 62.6 26.98 .72 
ie See 65.58 19.23 4.48 

“s ee ie 19.37 2.88 
ES de 72.20 17.42 2.4 

Le a 66.45 18.53 2.4 

be : 68.23 20.85 8.2 

ee 69.5 13. 6.4 

30 oi 63.27 19 68 8.52 

we ng 65.35 21.3 2.7% 

e@eeceseoeceetreeeeeseseeete 46.07 21.72 15.75 

eeeeeeeteeeeee e-.eeee 46.9 31.34 16 

eestoeoeeereeseeeeres ee eee 60.56 37. 8.48 

Wiese EAC HOCEE 65.66 17.2 4.05 

Blue clay.....2..s- 68.5 17.55 1.88 

Yellow clay ........ 50.43 22.18 4.37 
Clay eevee ewe eeeee e 59.5 26.22 8 

CON Rests hk ae ae ae 79.41 1u.8 2 07 

Pottery clay ....... 59.976 27.64 ase ta eniee 

Ss @eeeeeees 69.3 21.78 

aS eeeeeees 76.36 14.95 2 1l 

es arahs fatale 51.66 15.56 7.68 
cs wakes 70.06 17.94 .38 

Black shale . Sistacws 62.56 24.78 1.8 
Sh la /teovereuatsveeeraneeimos 71.021 17.977 8.417 

eoreeeeeee entre eeeeeeee 56 4 80. eeee . 

Black shale ........ 59.5 24.96 

Black shale ........ 54.84 80.84 1.18 
Black shale ..... 56.98 82.16 2.16 

PREGICIAT wiccmsyecisiee 73.34 14.75 6.45 

Not worked ........ 50.94 24.24 7.18 
Stoneware clay ... 65 32 22.63 1.81 
Used for stoneware 48.92 82.9 8.1 

ss 47.18 84.98 2.92 
ES ee eens aoe 63.93 19.73 3.69 
Washed clay, not 

WOLPKOG ec nite mniwle's 64.62 19.98 2.91 
Jeaies 44.14 89.86 .46 

Used for. stoneware 71.94 17 6 2.35 
67.49 21.11 2.45 
64.97 22.64 8.28 

ae ae th 

La ad 



clays 

WATER 

Lime /|Magnesia| Alkalis 
om- 

2 binea | Free 
A alin 

1 eeeeveeeos eeteeueee seer eeee 6.287 eeeee 

o @ FD AK CK 

_ Or 

| oad “a © cle . = oa 

oO for) 

12 eeeeeeee «1 

13 725 

14 865 

CLAYS OF NEW YORK 879 

6.05 

7.35 

11.72 

20. 

aeeeeeesneseeere 

ee 

_ 

SUSY See 2 ae ee ee a ee CERES SSBESS 

Miscellaneous 

Loss 6.3 

Loss 8.1 

eeveeees 

eeeseeer 

eeeneeeen 

eeeeeees 

eeeeeees 

eeeerene 

eeentese 

eeereree 

eeeeee 

Firm names, authority» 
or analyst 

Rep’t on valley re- 
gions, Ala. geol. 
surv. 20: 180 

R. Peter, anal. 

Ind. geol. sur. 1878 
p. 159 

Crossley, Analyses of 
clays 

Uhles pottery 
B. F. Harris 

—_—o u-—-+-—_Y 

Ky. geol. sur. chem. 
rep’t A, pt1,no. 1876a 

Ibid. no. 2007 

Crossley, Analyses of 
clays 

Ky. geol. sur. n. sg. 
p. 430 

R. Peter, anal. 
Ky. geol sur. chem. 
rep’t A, pt. 3, no. 2777 

Ibid. no 2648 
Ibid. no. 2666 

Minn. geol. sur. 1872- 
1882 

Mo. geol. _ Sur. 11:563 

ae 

ee 

ae 

ae 

Ibid. 11:64 

ac- 

‘ 
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Oo IRonw wre | No. 

35 

36 

87 

State and county 

Missouri (continued) 
Henry eat che rh sis\etnts 

eeenereseser 

é 

te 

ee 

Jasper Shwlemiercmy 
Jefferson ...eeeeees 

ee 
eseeersene 

Lafayette... 

IMOR Zane. cee cance 
Randoiph......... 

DE IGOUIS) cisieen.c eae 

Sali .. SRA elees 
Schuyler..... .... 

BCOUb ceases dances 

Stoddard ..... 

New Jersey: i 
DeESeX fos.s . 4! sivene 

Samrole ol 

Ohio: 
Muskingum..... i 

Stark: 5..2. seer hae 
Muskingum........ 
Summit 
Columbiana 8 

BEAVER wi \ssi0a0 sci Abe 
+t 

TeNMESSEEC.....ceees 

Texas: 
Henderson... 
MALION cadena cewe 

Michigan. eee eeeeeer 

New York: 
PARANA. oso winsetatanuin ie 

Ohio: 
SUMMIT. vcecces 

NEW YORK STATE MUSEUM 

Town 

Grant farm,Clinton 
Missouri clay co.. 
Deepwater oF ican 

Fields creek ....... 
Gilkerson ford. 
Chancy sh’ft, Joplin 
Mammoth mine, 
Desoto. 45%.) 
Mandel’s pit,Regina 

Strasburg mine, 
Mayview .. 

Pricel’nd, Versailles 
Lanigan shaft, Mo- 
berly re i 

Oem aie Slater ..... 
Chariton river, 
Glenwood........ 

Anderson 
Commerce ...... 

Dexter sacc ost 

Woodbridge. enseeee 

Glencove. csienscees- 
Elmpoint .........- 
Littleneck.......... 

Roseville. . 
Uniontown... 
North Springfield.. 
East poker ge | Shas 

se eeeces 

Greentown.......- 
Zanesville ....., “He 
Akron.. 2h: 
East Palestine . 5 
Salineville..... stant 

New Brighton. 
Oak Hill 

IGBTS oi icie sien cinerea 
Linden road... 

ROW. jccincleicicsnnes 

AB RAV: oin'smini cls, narsis 

Brimfield.. 

Remarks 

Not worked .......+. 
Used also for sewer 

Used for stoneware 
Not worked : 

Ball clay for white 
ware. 

Ball clay for white 

eeeewerr esses 

Not worked . eeveates 

Used also for pav- 
ing brick......... 

Not worked ....... 

Used for stoneware 
ee 

Stoneware clay .... 

ae 

ee 
eee 

ot 

Yellow ware clay. : 
Stoneware clay 
Cooking ware clay. 
Stoneware clay. 
Yellow ware clay .. 

Drift ‘Clays .8 <0 0% 
Yellow clay........ 

CARY sccs'srnic satanic 

46 

ee 
eeeerseeeeeseees 

CNA sivin crwainn ste tele 

te 

6s 

SILICA 

19.44 | 48.4 

70.45 
62.06 
62.66 

25.6 
29.35 

| 72.1 
42.28 
72.26 
25.4 
27.68 
29.93 
32.33 

43.73 
35.85 

18.02 

40.81 
36.58 
29.61 
24.11 

57.67 
46.16 

45.06 

68.57 
58.2 

12.85 | 31.09 

14.33 | 46.26 

15.65 47.98 

— 

27.52 
26.976 

30.03 

28.24 
23.97 

11.17 

12.46 

18.57 

SEBR8 

2e 9-2 we 09 

a 1.494 
7.214 

a 4.5 

tr. 
4.43 

Slip 

3.81 

5.79 

a ee ring” & =~ 



——— ee a 
CLAYS OF NEW YORE 881 

(concluded) 

| ae | 

Firm names, authority Lime |Magnesia} Alkalis Miscellaneous or analyst 

il a o~ 1 

4 > ce ] a 

3 
a 

i .84 cee 4 2.74 SeTe: | ivea cash peteetees cseate reece Mo. geol. sur. 11: 564 

q 2 <a 47 1.18 4 76 2.02 ereeeeee eteeer eeeece ee 

8 .48 51 2.37 3.69 Dee tok siale Mwlelenie seoncs = 
j 4 53 31 3.39 8 6 1.25 ereeseee | seeves eeeeee ps 

5 .65 2.82 86 SAB Us vicisaiatace) tAhMantats lame etorwwvaw: ex 
; 6 .42 1.95 4.69 SAG wees Siatecxaiats gill cis! eters ere memiey st | head. 11> 566 

- 7 ico 1.04 85 12.33 eeee . eeeetene eeeeee s en ale 

_ ) ES en ae nee De ee et “ 

9| 9.9 2.65 O97 4 14.08 | ...00-. | POR oF | ce. eu, us 
10 1.31 1.25 4.01 TT C4 Gaeveinie £ DS astrcle/ca al als tote cnt askiees « a 

11 .63 .48 2 04 ¢ 8 eseevese | @eeene eee eeenvee seeeee Ibid. b= 568 

12 1.65’ 1.55 4.42 6348) Ihisececes Petia sine Wire le tte. [cele ofts Ibid. 11: 570 
13 1.04 woe 2.01 8.25 1.69 eeeeeveeve eee ef eeeeee 2s 

14 8.54 2.17 8.2 12 78 eee . ee ee se we om 

15 34 43 78 8 13 . . ee eee eeeeees | Beeeee oS 

16 AY cf tr .53 Wel aleictosicis | Meimicictete SS Crete (iecteesicteis Se 

17 28 24 2.24 5.9 SB isaernvine: | kemeee! ) cesses | Na ws Clay rept, 18vG 
p. 99 

18 24 | 5 eeeeetee eseeete seereeee eeeeee | seeeeen H. Te: Vulté, anal. 

19 1.05 tr 6.11 e@eeeerse | #£8 8 Bete eeeseeeve | #@©8 0888 | wpeeeest a 

20 79 eeenve ee 2.33 eseeeerve eeeoeevte eeeseeeece eereeee eseese a 

21 6 -63 2.16 5.57 94 | pecccace |) © +29 | wees. | Ohio geol. sur. 5, 1884 
22 .58 .58 1.45 7.39 11 elcteiasiet CxDO| veces a 
23 1.38 2B eseeee- . 5.138 112 eerene eee- ~ > @e8 8 eee ve 

24 59 .68 2.42 tee We .&6 *eeeeeees 1.2 @ensece AY 

25 ene . . e@eerre eer ~ a. 10.03 .88 eeeeeene eereer @eseeee $f 

26 51 -18 1.8 6.29 RGRAY petctemne cat wears caiut ates .. | Ibid. 7, 1898 
27 45 37 1.96 6.74 2 OS pip Maier eer Ul gestae sms Obama ne 
28 Arg 51 1.95 ft 2.63 Bie Meee) | ean Batatels is 
29 47 63 3.46 7.59 2.48 eer ef seeeee eeseee ae 

30. .388 .122 .619 9.68 eeeeveee e 2.54 eeeseee eeeereeee ee reeeereeeseeee 

31 2.21 1.52 3.246 11.22 eel Ol re ere eoseee | 1897 rep’t Pa. state 
college 

82 4.7 4.8 St ee 10.1 sate ninyei 1 inipis Seat A saeee's c Crossley, Analyses of 
clays 

33 tr. 1.25 aseie P depweucl oducts @ ase 1 | ew ealdiccuds. | Miller Brethers)/ 
27 ane ieiie eke : (fg 5.36 Raiehieisiess theidws | envces | Lexan eook, sur. 1890, 

p. 112. 

clays 

35 11.64 4.7 3.61 POE LAG Get Seeeness } ancast Possess | OLO BOGk eur, 7, 1606, 

Og 

36 6.84 3.28 4.39 4.36 1.46 & eereeeee eeteeoerw eeeter we 

COo 

37 2.55 , 1.47 2.63 4,75 2.9& eeeeeenee eeeeee eeeecer sie 

CO, 



882 

State and county 

NEW YORK STATE MUSEUM 

Slip clays 

——| fe ee 

Ohio (continued) 
Hemilton .......0.. 

Texas: 
GErUMOSin scsersccses 

Nevada......... 

New Mexico: 
Bernalillo........0. 

Utah: 
SUMMIG. chs nieces 

Alabama: 
Tusca@loosa...cesess 

Elmore....... ease 

a6 

Montgomery ...... 

MOUSE. daisies selsv) 

Arkansas: 

Little River........ 

Sebastian.. ........ 

@eereone 

Poinsett.. .cceseess 

Craighead. ........ 

CREGEHO. eaeainie nies 

SE eee ee 

ICEORS: os eaysinin oe 8 

Hempstead ........ 

BOVIOE Soc isccie ccs iota 

California: 
Placer. eeeeeeeseges 

Sharonville..,.....+. 

Piedmont Springs 

Humboldt City .... 

Fort Wingate...... 

Salt Lake City..... 

NE. 4 of NW. ¥% of 
9.24,T. 1,R.14 W. 

Elmore Station .... 

ae 
eevee 

Montgomery. ...... 

TiS COM eincicia bine nlalelets 

Jobnsonsridge...... 

Williamslake 

Nigger hill, Fort 
eis) tit ia Berserk sa 
Fort Smith......... 

Harrisburg .... «... 

Jonesboro.....0. 

Gainesville. ........ 

Paragould.......... 

WittSbUrg....tesuse 

SLODG: daicie's veins ae'veiva 

Brownstown. ...... 

Lincoln.... veeeaeer 

SILICA 

Remarks ore 

bined Free 

Clays sdcaats oh Votes | deeO4e) BO 

Kaolinite slip.......| 12. 48 4 

CUA a sini Fiayey-nieie duis 58.5 

P.O; Le A 26.67 

P.O; 65) eeeeset eee 26.67 

PLO. Te 19.24 

Pinkish clay. Tus-| 68.108 
caloosa Cretace- 
ous. 

 Sebrsie Sct sch ae aivernciae 59.65 

River terrace clay 60.81 

ss 61.15 

es 62.75 

ereeene eseeoeeeeeveses 75.52 

eereete @rpeoeeeeeeaneeeee 56.91 

ereepeteoeeeeerereosneseeeee 58.24 

*eeeeeteere eae eeesteeeeet 58.48 

SAG eee Saniceieeinee 74.79 

eeeeeereseeeeeeeeeeeeee 81.37 

,eeeeeenreeeeeeseeeeeee 79.49 

. . eee . ee . 79.07 

eee, @re eee @8e . ee 69.55 

eeeeeerenreeeoer eeeeevene 72.42 

eeeeeeteer eer eee eeeeeer 79.07 

44.82 eeeeeeeseeeeeeereeers 

Alumina gi als 3g 

11.08 5.07 

10.42 5.38 

18.39 8.29 

Adobe 

1§ 5.12 18.19 ; oat 

91 .64 

3.26 1.09 

Brick 

10.858 14.471 

27.04 4.75 

21.69 3.48 

24.81 2.48 

21.15 4. 

12.945 | a2.605 

19.8 6.68 

18.22 9.25 

22.5 8.86 
12.86 4.9 

8.52 2.88 

8.71 8.48 

18.44 2.77 

8.79 2.54 

15.2 im 

14.94 5.54 

10.58 5.27 

84.54 1.86 



(concluded) 

Lime 

5 
a 

1| 15.99 

2 9.88 

8 2.94 

soils 

4| 18.91 

5| 36.4 

6| 88.94 

clays 

rd eeeevene 

8 e@eeeevene 

9 Be 

10 8 

11 2 

12 867 

18 4.76 

14 4.55 

15 .82 
16 .88 

17 44 

18 

19 25 

20 25 

58 21 

22 

28 eeeeeeee 

pa 1.55 

1.61 

2.96 

2.75 

57 

2 8 

Magnesia| Alkalis 

7.68 

2.8 

tr. 

tr. 

eeseeees 

2.15 

2.8 

2.28 

3.17 

3.22 

1.89 

1.02 

4.74 

CLAYS 

4.58 |12. & 
co 2 

8.64 | 4.41 & 
CO, 

8.7 

2.26 

2.26 

1.67 

7.26 8.6 

6.45 1.7 

6 2.7 

5.5 

9 64 

OF NEW YORK 883 

| 

: ‘Firm names, authority Miscellaneous or analyst 

=seAn AC aces) wAeaetie te | Ohio geol. sur. 7, 1893 

eeseeeee | se 8888 seer | +6 

Waban citddavotivieses hex. geok, aur. 4th 
ann. rep’t 

Cl .14 |MnO.13) CO, | Bull. U.S. G.S., 64 

e5.1 

Cl .07 

Cl .11 

seeeteee 

eeeeeete 

eeeseene 

eeveeees 

SOg 82 

SOg .53 

eeeere 

8.55 

CO, 66 

25.84 

CO, 

29.57 

ccneas Ala. geol. sur. rep’t 
on valley region, 
p. 180 

epeieeusre ibid., J. M. Pickel, 
anal. 

SC 
SO 8 \ Ala. ind. & sci. soc. 
st v. 1895 

80. | | 
11° | | 

se es Standard brick and 
tile works 

Loss | } 
9 57 
Loss 
8.96 iia geol. sur. 1888, 
Loss p. 296 
6.07 ; 
Loss | 
2.91 | J 
Loss 
2.88 | Ibid. 1889, 2; 85 
Loss 
3.83 | Ibid. p. 87 
Loss 
eS Ibid. p. 107 
Oss 
o Ibid. p. 112 
oss 
sh Ibid. p. 138 
oss 

4.54 Ark. geol. sur. 1888, p. 
Loss 296 
4 43 

Loss |} Cal. state min., 11th 
.4 rep’t 
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© ropa | No. 

So ONTO ao 

State and county 

Colorado: 
Pueblo.. oe 

District of Columbia 

Florida: 
Escambia... 

Georgia: 
BartOw .o00 cesscees 

66 

eb 
eee veceeenes 

BELOW iclcin ais eve icine 

Richmond.. 

Illinois: 
Lasalle........ mine ete 

Livingston. 
K 
Peoria. ..:ccceks 
Lasalle........: 

ot 
eeceeeeneser 

Mercer. 

Lasalle.... 

4 

ce 

Indiana: 
MATION Silene satesin ses 

1 Koy (6 Lara cic cic 

Crawford. 

Monroe.. 
eeeee 

Martin . 
J ennings.. 
Warr en. 

eerererseoe 

eeeeen 

-eeeeten 

ereeeeesesnoces 

WieOrn.n6 ee ia Ne ates 

HOUNGAIN GE. cfs tere ts 
DAVIESS: jeicieeislsisiesis 
Greene...... AT 
DASPOL cc \satatiae eis 
Parke ...... aie .cebtey 
WUD OLS sracaisvercse aceicjeie 

IVE} oi fa eer ar gees 
Washington aiahaiatel tte 
MAGISON: 30's viv see 
Hamilton .... 
LAWYenGe ..ceseees 

eeesees 

seereees 

eve eeenees 

seeeresens 

eeeee 

== 

NEW YORK STATE MUSEUM 

Town 

PUCDIO Se atesiece cae 
Washington.. 

Bluffsprings. 

Cartersville.. 

&e6 

McCamores cave... 
Cartersville......... 
Rome.. 

AMES AR cnc danas 

La Salle....scsevess 

Woodland.. 

Cornell. .... 
Aurora..... ; 
IPE OTIA 6.x sicjeine Sen 
Utica. ... 
OTR Wien on cetcaiecce 

Griffin.... 

ec 

ereoeeeeees 

Lasalle. paelels 

66 
eeeecesesseonr 

Streator. .r.eccercvee 

New Albany........ 

Indianapolis.. 

Wyandotte cave... 

| aeaton a ALS 

Dover Hill.. 
Vernon.. 
Covington.. jaynisiels teins 

Cannelton......seec- 
Brownstown ....... 
Liberty. Srelsfovarereix 
Jeffersonville ...... 
Terre Haute 
Wabash ataraie 
Veedersburg....... 
Washington... 
Worthington..... ee 
TASWCV eke: ak were 
Montezuma ........ 
Haysville......sceee- 

oO i ee eee eeeee 

@aleichacn m sustecahel Riga 
Salem S pniaisien ates 
ANAELrsSON ...eeeeeee 
Noblesville..... ater 
Mitchell.. 

Remarks 

eeecees eeeeeeeesessees 

Shale..... eeoeeareoss 

CUA: cisccitiatlae neers 

Slate.... 

Plastic clay .. 
Alluvial clay....... 
Surface clay....... 

@ereeeecsense 

Red clay. ...scscees 

®Seoseeseresereseoere @ae 

eeeereorsesese oor 

eeeceecens speeeeeesesen 

e-eeeoeesereeee 

Clay. eeeenceeeseeereeone 

No. 2 clay. s.cseoees 

No. 1 elay..A2%i.%. 
Red clay. 

Butt Clayic. vise sisscas 

Brick. @oereeeseseseos 

Terra-cotta..csr...e- 

CIB: © Avlpaleiershcuisisieteie 

Red Cl&y: ..icsisnwie eye 

Clay erveveseneeoseere 

enwever eeetereeveeeneeeee 

Clayincriee sabe 
SNA Sree Appa jo dence 
irae a Liaiptelguleieteheratenn 
ee eeteeevreeeeeeee eee 

« . . . eee 

eereeneer eseeeeseeeee eer 

eee eeereee+ee eevee ane 

* ee eee eeeeere 

eeveeereeeeeve eeeeee 

. er eeeereeeeee ee J . 

eeeeeere seeeeeeeeeeeer 

eee, @eeeeeeeeeee ee 

eeeeseree eer eeeenee 

ee eeeeeeeeeee 

eeet ea eer ee seer eens 

oreee eeeereresneereee 

ee eee erseesene 

SILICA 

Com- 
bined Free 

Brick clays 

Alumina Ferric 
oxid 

12.3 

oo 

PON G0 OTB 19 29 7 LOT LO IO GE RIDING IW GW RRS BEmREE SSSI“ BHRSSS* BS 
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(continued) 

WATER 

Firm names, authority, 
Lime |Magnesia| Alkalis Miscellaneous or analyst 

Com- 
pinea | Free 
— |} | — ee 

Retrial fete wialate veins || aleieiheiwiaru 3.75 wssehiel (waeees | WLAN. dire brick co. 
.49 Sieraicisiele’e 5.6 diawraoales f Lels gucie n't wieiwelaisivich |), 2 yisetevie lateral «| WYOLInetOn prick ahd 

tile co. 
wae | No. 

co 
Q o Q (e) 

J) MgCO Chlorid ervevene eeeeene eeeeeree eeesves Pg Os 

6.2 4.28 15.32 79 | J. W. Crary jr & Co. 

eeeveeee eral 1.98 6.83 ot a eevee seeece Ga. geol. sur. 1893, 

Dp. 286 
eeenreeeve 3S 4.55 8.95 eoeeeveeee e 1.1 MnO 

6° | Ibid. p. 284 
tr. 87 2.28 7.14 e@eeeeere eeeeee eeeoeense Tbid. Pp. 286 

tr. 1.42 4 7.26 eeereeee eeeneve eeeenene Ibid. p 286 

ee@e-reeene 81 2.55 7.6 ‘ eeeeeees Cc 1.67 @esetee Ibid. p. 287 

WILE, 2... 2 mot i heat. |) eased 64.80) | access | 2 O 5 de Bison, anal: CO OAD HH 

PRM epee a fala eiayciaia |v esicierataisier Raisected Pl) eOe mle sie SO , -1 OSS) Seiaed La Salle pressed brick 
co. . 

15. este eeee eeeevvene feeeeees eeeeere | @eeeeore eeeereees eeewre eseee Asst. state chemist, 

anal, 
12 1.16 iv 3.82 BEBO @e ae oi | keeacee secoes | Js H. Snyder. 

Fefeivisisieis || AQMe 2 |llopieeante || Win COGke anal: 
dieters -eeee- | Peoria brick co. ~ 

ss 20 BS f : 
.99 .92 g | seeeee Crossley, Analyse of 

11.61 clays 
17 .62 86 55 5.2 settee eres H. A. Weber. anal. 

Griffin brick, tile, 
18 .07 .2 1.48 7.5 Beeb tavercte etl cieare wn (ec elarstare and coal works 
19 s@ereeie eeeeenes eeeeeeee @eeeer ees eeerese eeeeeees eeeeee 5.66 Lasalle pressed brick 

co. 
20 eeeeeerve eeeeeene eeeeveveee eeeepeeeeeeee eeee eeneseene eeeeee SO, TU 

21 eeer eevee 1.45 8.49 eeeeveeeeeoe eee 7.94 seteee eeeeee Barr clay co. 

.6 e@eeeneoene eseeeevreeee *eeee 7.72 eteeens eeeeee Indianapolis terra- 

cotta co. 

5.81 5.66 €2.22 | ...02- | seecee | W. Finnegan brick 
mfg. co. 

.52 1.12 eleelsiae Py O; MnO 1.05} Loss SO, eT ey sur. rep’t, 8 32 & 

3 5 

eeeeeeee 10.07 ; eeereeend eeeeceve eeere- St T ouis works 

1396 fF avascanie 7.72 ecccavee | seoene | cooces | G. POWwell’'s yard 

Dr G2 oO [4] 

fae _ x ile} 

i) — 

ie.) for) . : e 

. Owens’s works 
. Carvite 

WSOBe > BSRS 

Eo 

CnIRe OD Cm 

_ _ i 

. White 

. Snyder 
. C. Summers or) 

. Or 

8 © 

oo ~ 

iat) 

i986 WED. ca. 
1.009 eeeaeeee 

5 eeeeeree 

48 
485 
a6 ; 

41 sot 1.28 eseeeeenee 

7 
75 

_ 

AMAA GAS ~I-7 

. Weber 

3. W. A. McBride 
e@eereeee eeeeee e®eeeer G. Walters 

J Klein 
iclisiasia eed epine owe Leama eat AP Oee oO leT 

J. W. Jones 

f_ ~ m 

ey eee 

4 5. oe 

perecsen . 6 
44 1.01 1.76 e@eeeeees 

45 .533 . 984 eeserese 

46 a5) . 282 eeeseeen 

47 .666 B61 | ceccesee 
48 8 B20 VW ccccncee 

— et 

BSLSBS" O° SS 
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Brick clays 

| No. 

in ond t~) 4S OO AF OR OTR OO DOr 

ae iJ) 

SSR S 

State and county 

Indiana (continued) 
Wells see e@eeeeeseee 

Owen fi Hee eine siete 
Madison. .......... 
OPANLE prises ateltie de 
Washington ....... 

-eese evens 

Kosciusko.. 

Vigo.. eeeeeeeeeseesr 

Gibson eeeeeseenese 

Knox eeseese Beer eens 

Parke eeseeeoereseeee 

Vanderburg........ 
Vermilion .' 

ee 

/ 

Iowa: 

Cerro Gordo ..eees- 

Adair. 

GENTE ss veep secon 

Payette ...cearscess 

WATrren; tives -cniens 

te 
eeeeesteeeeonse 

Montgomery......: 

Clay.. 

Town 

WACOM s o:6.<ieie,o\0 10,0101 
Gosport... 
Hranktoneacagc sci 
IPAGHIT. cast set nies 
Salem «.i0%.. siadivieis 
Edwardsport....... 
William- og aeaetelets 
Stone bluff......0. 
Shoalse. wasnt acs 
Greencastle .......: 
eeeee eerseeeeese esses 

eeeeceverer 

Terre Haute........ 

SE. 1%, sec. 4, T. 20 
N., B. eeeeeone 

Princeton. .eececrvers 

Vincennes.......+5. 
Under-clay 8, S. L. 
McCune, Mecca... 

Evansville .. .sseoe. 
CWAVAICA We cieiclanecionee 

ee 
Geooeeesreser 

Mason City......+.. 

Bridgewater . 
Gillett brickyard.. 
Guthrie center.. 

West Union........ 

MGianolaics.s sence 

cs 

Lime creek... eeeves 

Redoak.... eeneeees 

SPENCE vicisc(0 viscose 

Remarks 

Clayiar oles. @eeesceoes 
66 

@eeeeeeceeerseess 

@eseeesereezezese 

Used for brick, but 
good for vitrified 
WALB ainejineamitiuttee« 

Was used for roof- 
ing tile. Cracked 
in burning 

Yellow surface clay. 
Used for segs 
brick 

Burns yellow white. 

W. Schnute’s yard. 
Dry press brick— 
mixture of shales 
3 and 4 ese eeesevesor 

Bastard shale no. 5. 
Makes buff dry 
press brick....... 

Blue shale....essee- 

Alluvium..... sinter 

Brick and tile loess 
clay. W.E. Barry 
yard.. : eeererenae 

ee eeeoeeeseeree esas 

Loess clay, plastic. 

Gray or yellow loess 
SER ASC camer 

Mason City shale... 

Cretaceous clay.... 

Altered loess....... 

54.8 

77.13 

68.62 

69.75 

52.42 

- Ferric 
Alumina aid 

30.36 2.88 
11.94 3.2 
16.21 2.18 
17.84 4.033 
11.22 5.04 
24.23 9.2 
25.98 13.6 
12.64 3.16 
25.138 7.36 
15.34 6.82 
20.78 4.77 

13.78 5.35 

13.388 2.19 

18.56 a.15 
1.34 

28.473 3.12 

25.71 a.91 
5 Bd 

12.16 4.48 

14.79 8.08 

20.76 b4.01 
8 

2.47 14.91 | 9 ‘ 
10.95 ~ 2.36 

14.98 4.16 

14.08 

16.57 4.06 

12.58 4,02 

14.62 5.69 

18.68 1.94 

18.04 6.24 
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(continued) 

WATER 

Lime |Magnesia| Alkalis Miscellaneous Firm names, authority, 
Com- F or analyst 

= bined ree 
Z 
we ee fsa ich . 

1 1.31 a niin 2 12.25 SA Soe lececi see (brine J.N. Goodyear 
2 .633 BOE DS oeisiaiy oc OT nl cas a aine Widdeaiis: bette J.Smith - 
3 1.16 ge) ene es iad Ee ele H. Pierce 
4 1.633 A SD hae i Fo) Media A ide Se Co SR LM tek) 1d Peterson 
5 476 SE Mirai hd NE ta Alene iam) he Silearwins Al wm cian A. Shrunn 
6 47 Bip 5 fie bp ek eG ee eee At Pes cote? Tabee oe 
7 .336_ 21 edges Bee Jap) ae EE Ae pital WP tate mes Spree ans. S. Field 
8 ‘eae BL arses pe AS ee Menu CIPS ae ee) Lh ae igi J. W. Shuster 
9 AY G SER TE occ ie Re AN Sacktocicen Lesbtai@an’ fms ose H. a. Barton 

10 1.22 SOA iL Be, ook ocr TO el patience, Meee | itwbaee « O. M. Johnson 
11 | 620.51 ilere SM Renn See OR) SE ae ee Geen eae ESA 2) SERS Dr Hurty, anal. Ind. 

geol. sur. 1885-86, 
p. 48 

‘1.67 1.78 3 26 6.38 9.25 eeeeeree veeeee aeeen= Ind. geol. sur. 20:76 

97 1.01 eeeeecree se eeeeeoere a oss | s*e@0e088 Ff eseese Ibid. p 59 

14 D2 1.58 6.3 seeeere ee eee eeeevetre | seeee Ibid p 14 

179 2.741 eeeeeeee stsesee ae eevereeoe eeerer ee. Ibid. Pp. 95 

24 83 3.01 Soe | ee Or RAE SE) hee rie cl 2 | Ibid. p. 183 

347 6 1 eee See EE eae tcc | Sldtea o\ao, | uaieie om anst ante maine Ibid. p. 119 

CO5g.26 Ind. geol. sur. 20: 129 

1.2 
CO, 

3.04 af 

5.2 83.76 6.32 a8 Selakiaeiaa CO, mS | a aioe Iowa geol. sur. 

2.08 .83 
eit 3 Ts ae eee se Sncaoe ysoccnn Seen! Bas Furnished by Ia. geol. 

sur. 

2.78 | MnO .64] ...... ssvaes{) Gro. @. | Patrick, anal. 
Furnished by Ia. 
geol. sur. 

1.48 1.09 

} 
PG 
F didenath vascme (| Linnfin) POUL BMAP. 
| 
J 

3.76 MnO. 49 seeees | seenee ) 

4,14 5.33 

5.89 3.74 oe So oS ee) See ee C. Patrick, anal. 
From Ia. geol. sur. 

2.96 3.85 

8.08 4.06 

1.33 

2.67 7.8% 2.24 COg 7.57] rssace | ereeee J 

1.51 : 2.7 Rte i tee cee Bete, Ign. 

1.33 2.22 W.45 | ene sien rere G C. Patrick, anal. 
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C) 
Z 

od 

20 

21 

22 

State and county 

Kansas: 
Greenwood ..e.eee. 

Kentucky: 
Ballard eeoeeeeeneone 

Graves. 
Marshall. im: eiete's 
Campbell .. ann ate teas 

oe 
eeeoeeecevece 

Boone... 
Grayson .. 

Ohio 

6 
eeoeoeseserooe 

Louisiana: 
Oudgehita neice 
“Catahoula ...cerces. 
Claiborne ......... 
New Orleans. 

Maine ..... 

Massachusetts: 
Middlesex.......... 
Dukes..... ela ee Giete 

Berkshire... 

Maryland: 

Michigan: 
IKi@1it) -ciicleleteiefatelaieicield 
Marquette ....ceees 

Jackson. 

Minnesota: 
Meleod. .aecsasweke 
Hennepin; <..cc0 ven 
Lesueur 

Blue Earth eeeoereee 

Mississippi: 

Missouri: 
Marion 
(ORS oases 
Carroll. 

Oole . poeoereerereere 

NEW YORK STATE MUSEUM 

Town 

Flintridge.......... 

Wickiimte:. cesses 

Lynnville..... picieieiets 
Highland. 
Newport 

eveeenesoes 

Mount Vernon..... 

Burlington ......... 
Canolaway creek.. 

Elm VIG. ckcwiat sistcas 

Ba'd knob church.. 

Forksville (5 m.e.). 
Rosefield........... 
Homer .... eetaccese 

West Cambridge... 
Gayhead, so. end .. 

Clayton ...... 

East of Baltimore... 

Grand Rapids...... 
Marquette ......... 

Springport town- 
UES ELUENT cis evela aus ele\ ares 

Hutchinson ........ 
Minneapolis........ 

Coon Creek ole 
Mankato. 

te 
eeeeereeees 

Clingscales. eeeontees 

Hannibal eeeeeeeoesr 

Creighton ........ 
Norborne, Davy 

clay ballast co.... 

Jefferson Oity ..... 

Remarks 

eeeeceseeseoeeeseseoes 

Yellow clay .ee....- 

Clay seeeeeeneeee 

uma 

CTay c's sjei:0'e Sosonod: 
Herrug, clay). i.ses 
aay oe eer eeseee eevee 

es 
eeesoseeeeeneees 

Gray clay ......++.. 

Clay....... See 
Sandy clay... 

eeeoe 

ee 
eeneeres. 

Glacial clay ....... 
FROM Clay .cciecias ones 

Brick and _ terra- 
cotta clay........ 

Red sandy, 8 feet 
from FOP ivv.ecess 

Gray, less sandy, 22 
feet from top.... 

Blue, no sand, 38 
feet from top.... 

(OE SaaS AAG. CaEINSOOe 

eoeeessees 

G. H. Wolcott's 
SVAIEC cis Wate selene 

re | eeeeseves 

Clay shale. Auman. 

Washed brick clay. 

Veer eeeeoreseseesesens 

eeeeeeee reese eeeeeeee 

Gumbo clay, - 
ballast . 

Makes red brick . ae 

Com- 
bined 

SILICA 

44.84 

62.68 
60.98 
72.66 

82.56 

48.36 
68.38 
61.58 
70.86 

62.76 

58.43 
61.91 
82.83 

16.86 | 48.27 

63.69 

48 .99 
57.5 

50 

77.62 

72.02 

71.66 

58.7 
54.62 

52.26 

48.25 
60.31 
59.72 
60.31 
70.1 

87.7 

90.877 

70 
59.65 

54.9 
74.39 

P Ferric 
Alumina oxid 

29.8 ad.4 

22.83 20.35 

25.88 2.9 
18.48 7.5 

20.5 

12.223 

33.06 
12.282 7.588 
23.946 5.814 
19 24 3.12 

26.42 1.58 

22.45 3.23 
18.38 2.14 
6.48 1.42 
14.07 4.06 

17.02 10.18 

28.9 3.89 
81.21 

44 al.07 

12.46 4.1 

16.66 1.38 

16.92 1.82 

5 
12.82 2 

22.95 8.15 

86.60 
23.77 .96 

23.77 796° 
16.99 tr. 

7.24 tr. 

2.214 .126 

15.94 14 
87.27 1.18 

18.08 6.08 
12.03 4.06 

Free 

Brick clays 

pare 
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(continued) 

CLAYS OF NEW YORK 

— 

_ | No. 

Lime |Magnesia| Alkalis 

6 eeeeeeee 

932 
b.16 |dMgCO, 

84 83 
68 49 
15 -08 

1.67 

.97 @eeeeeeee 

3.66 
19 2 

52 46 

12 

1 
13.68 

67 07 

-66 | ... 
@eeeeece tr. 

2.88 i 
1.5 1 

me es | | a 

3.66 

WATER 

Com- 
binea | Free 

3.31 
eeceeerresesesece 

4.58 

8.07 

10.56 

8.5 

Miscellaneous 

Gecnenvs || sien es 

oss .373 Py Os 

.192 

ee eeeee Py Os 

fel’. 

eeeveeoe e@eee 

seesesee | Loss 

eeeeveece eeeeee 

Peeseeee | +++ eee 

seereees 

eeereren eeeeee 

eeeereee 

eeeeeeee 

etr. a PE 

eeeeeeee 

eeeeeeee 

ee  —E—————EESSS 

eeees 

889 

Firm names. authority, 
or analyst 

Crossley. Analyses of 
clays 

Ky. geol. sur. chem. 
rep’t A, pt 3, no. 2568 

Ibid. analysis no. 2663 
Ibid. no. 2762 
Ibid. pt1, no. 1319 

Ibid. analysis no. 1320 
Ibid. no. 1697 
Ibid. no. 1789 
Ibid. no. 1873 

Ibid. 

Ibid. no. 

no. 2075 

2076 

J. A. Blaffer & Son 

A. J.S. (8), p. 407 

J. Card, anal. 
%th Rep’t U. S. @. S., 

p. 359 

White brick and terra 
cotta co. 

well brothers of 

] 

| Furnished by Crom- 

Baltimore 

J 

S. P. Sharpless, anal. 
Min. res. Mich., 1889, 

p.61 

Mariner & Hoskins, 
anal. 

M. C. Madsden 
A. Humphreys 
Ottawa brick co. 
J. Dunn 

Minnesota geol. sur., 
final rep’t, 438 

Hilgard, Geol. Miss , 
1890 

G. Ross, anal. 
Creighton, brick and 

tile co. 

Mo. geol. sur. 11: 568 
Ibid. p. 568 
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Brick clays 

= SO OMOSD TORWDH | No. 

State and county 

Missouri (contin’d) 

6b 

66 

Marion 
Randolph.......... 

ob 
eeoeseseoe 

St Charles..... Revels 
St MOUISE ve ctiane ce 

66 

Ge 

Montana: 
Deerlodge ......00. 

Nebraska: 

Douglass county At 

New Jersey: 
Middlesex.....s.6. 

Burlington...... 
umberland . 

DROIT IASiitrs stars reranateleie 

New York: 
Suffolk... 

ts 

eeeeee eaveceer 

QUOI iy olaxiesicie sbion 
COPPA ore ins. <us sims s 
Wisteria. e. wide ates 
CUMING 6s Veclee t 
Climtonm esses une 
Conblamad yee. cine 

Tompkins..... 
Monroe .... 

&t Lawrence. 
Saratoga.. 

tt 
seeeeteees 

Chemung ...ssccces 

‘Allegany istate iar waa 
Ontario.. 

Homer 

,|. Roches er 
Ontario whale etelels 
Onondaga......se.. 

ee oe ed 

Town 

Boonville .......... 
Gilkerson Ford .... 
Hartwell . 
Kansas City. Dia- 
mond brick and 
tile co Apgods 

Kansas City. ace 

Hannibal.. 
Clifton, Davy clay 

ballast co. : 
Moberly, Moberly 
BOT, & H::€0..%.55 

St Pe‘ers ..... 
St Louis h y d. 
pressed brick co.. 

Prospect hill..... 
St Louis..... Ar ic 

Sayreville ect eeee 

Chees equake creek 

Kinkora ..... Badeietns 
Millville........ a 

Whippany.. 

Southold .......0.. 
Farmingdale. ., 
Wyandance  ...ae. 
Fishers Island...... 
West eck. .aeee 
Hast Williston ..... 
Roseton A rene 
FRONGOUTHK |. is ecatelelste 
Barrytown,........ 
Plattsburg ........ 

Newfield . 

Cananda:‘gua. ‘ ; ¥ é ; ; 
Warner. secure wee ree 

Ogdensburg....... 
Glens Falls. 

G6 

eoeoveeer 

Breesport ......:. 
IBUIPALOR. (yejseleraasicc 
Warwick.. satetats 
Rochester ..... 
Richfield Springs... 
Alfred wenlae & nd 
Canandaigua. . 

Remarks 

Makes red brick.... 
Not worked ACCA COe 

Shale clay.. 
Average of 7 
analyses..... Alyy 

For red brick Hono 

Not worked aes 

For railroad ballast 

For paving brick 
EVES OS Sietateee in ces aver ons 

Not worked........ 

Red brick.......... 
Also for roofing tile 
Alluvial Mo. riv. 

settlings ....... fe 

eevee eeeedseoseeeeoreeern 

Red clay ... AGS 
SUE: (CLA, Sales areie este 

Front brick clay.. 

Phil. fire-proofing 
and brick 

Clay. . eee eee or saeoer 

Black clay s..sscses 
Brown LAN Pate tetareiwie 

Gray. AY ceccisoas eeone 

@eoeeseewee 
66 

66 

Red clay..... «-. 
CFA in wives evoee eeeee 

eseee e@ove 

Ja 

6s 

Chemung sh ale. 
For hydraulic dry 

press brick, Qua- 
ternary clay...... 

— 

SILICA 

. Ferric Piiteos Alumina eid 

bined Free 

81.11 11.62 3.9 
74.72 15.72 4.32 
60.938 21.51 6.72 
54.8 23.73 8.67 

56.81 25.77 6.06 
72 11.97 8.51 
74.6 12.26 3.04 
73.8 13.19 3.43 

62.8 17.22 5.21 

65.01 19.3 4 91 
61.19 15.48 5.49 

73.92 11.65 04 
60.7 18.22 7 58 

51.68 23.65 6.63 

"2 17 2. 

61.8 13.9 01 
42.58 12.05 4.28 
79.5 11.61 2.57 

28.8 | 27.8 27.42 2.68 
28.38 | 28.7 21.5 i 4.81 

25.5 | 31.8 1 % 6.4 

75.8 17.82 4.78 

64.62 13.74 9.86 

59.05 22.11 6.54. 
62.39 23 6 3.389 
59.83 24.45 tr. 
538.77 20.49 9.23 
61.01 19 23 5 48 
69.73 16.42 2.58 
55 34.54 
57.8 22.6 
59.81 22 
65.14 18.28 7.65 

82.12 | 4.239 51.18 a2.122 

51.8 12241 8.32 
50.55 15.46 4 38 
62.24 16.01 6.96. 
57.79 | 1615 5.2 

49.2 17.47 6 23 
48.35 11.838 4.02 

57.46 21.15 5.52 
52.48 16.78 6.79 
57.36 16.2 4.55 
53 23 7.2 
28.35 10.47 1.9 
49.65 23.82 
58.2 28.25 10.9 

45.12 12.76 5.44 
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(continued) 

Lime |Magnesia! Alkalis Miscellaneous Firm names, authority 
or analyst 

Be scoccece'| eveayge | Svevee | Mo, geol. sur p. 563 
= Ap Maney | apcoos alone aeae Ibid. 11: 564 

1.02 weeeeres | tte eeee eeerere eeereeee eereee eeetee Ne 

1 1.12 3.25 .42 ereeeee eeereenes eeeeee eeecsee ax 

1 1 3.26 hs 
2. 

a6 aeenere eaenerren eeeeee ereeee 

2 6 eeeeere eeereene eeseeee eeese- Ibid. 11:566 

82 OG lh we se tebePHt access Ii cence | 2000. 11:568 

51 1.03 eeenzeee eeeete essere st 4 4 2.6 5. 
11 95 1.56 2.82 9.02 B11 | ccccsnve! | scvcce | wvcaes < 

12 6 3.13 3.08 C.I6- fe secs bake | ieeleceee lt castes bebe el) V0 
3.67 TUL cee eene eeeereeee eeeenve seeene = 

2. 8. 75 5.14 @eeseeee eeeone a7 seee 

3. rae Giainiote See ec cea. | menace [Pwasenelit MONan  Bbrk and’. eo; 

” Boss WF 1 ose Phys. geog. and geol. Srna PA TIOSSIAY 1) cecccs (|) weeens 
of Nebr., 1880, p. 255 

eng oo eeereeee eeeeee eee-e From Omaha hydraul.” 

dressed brick co. 

9 se-teece 1 seseee Sayre & Fisher.. eevee . 

at SO, 1 CO, 3.8] .....- | Rep’t of clays, N. J: 
geol. sur. 1878, p.317° 

areas Ibid. p. 3:7 

Bo ect © o> re 

16 & =e ot _ — ioe) io 2) ©) 
Cw 

oe @ fe) ile} 

Sead f Seer ncen Piwenecas [i sistwaccGl subesee Jogusveves’ |’ swocce | seveee | Furnished by BH. Bur- 
den, 2d. 

From Whippany clay 
mfg. co. 

& 8 Rk Ss R 8 oo br Si i) 

2 LS) seeetee eseseerte eetcereeee eseeee eeteeoente i3\- WY Vulté, anal. 6 
5. Soca 
8. 5 eseeorte . eeeeere e4.28 eeeeeet eseeere ce 

9.6 See eis < Wl eswetste OT isis ol aioe » PSMA | poeeisrr a 
46 = SE Apu z 
6 

bon 
es 

ee 
eras @eeeeese es eeen se eeeseeeene ReBeo Fy 2 Beare 

.48 ee tec eent |iceaa Jova brick works 
eeeseeer 12.68 Bias . eeereers eeeer- eeeees Be ue Vulté, anel. 

ES ae pae Per eh eg ee |i o 
eeereere | eveevene 6.7 e1.277 el .004 SO, Trop wo 2 SORRBRSRRB WS Srowrs MR BRBISSRSS RK ima 

od 

o~-or 

Bd | ceveess | veccses e1.50 cocce | cones ai 
ee 

eeeense | eeeeseee eeeeeere @eeves | everes 
‘6 

eeeerne e@verec-e weereeee eeeee ee eeee g ‘ 
3 eee eeee 4.5 eeereeee CO, 

3.42 | ...... | R. Froehling, anal. 

Boa liane ee Estates eh lime ats wae srw ceiees Hglampeaih [eR at hreew Ube: ERnoES 
05 CR eters cite LF Ww ale's'a's : Loss 

SSG do fad | Cate ae 

BIKS 

wr Bees 

He 20 CO 

— Ss be Se: 

AR 

Se 288 

sé 

ee 

es 

9.7 me eee e'.5 | .sceee | N. J. Se0l. surv. anal. 
4 Rely cei a bce bee [rate ciweie ostoaee) |t dke (Ee Vulté, anal. 
i iidaes gua] meee 1G. SE Ue eee. Nae e ge! [<0 ee ee REL. HG. & 
GS re eas ee Pee a Rrem ©: Barris 

~ 

SSakSSe SS SSSR RSSSSSSNARE 

© 

SS ee Se ee TTB Bas 
eo 

_ 
. . 

& a & 8 or 8 eeeereee seeeeee seeeene eee eeeee eeeeee eecereer R. Chauvenet & 

brother, anal. 
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ian | No. 

oF © wo 

18 

19 

State and county 

New York (cont'd) 
Ontario... .cevrcsoces 

Westchester.:..... 

Ulstere.ssseeeeseres 

North Carolina: 
Walks tcsriecte 
Harnett.....e.ee nc 

Robeson...crecccces 

Lenoir...... Gieleisvateiate 

Bladen....... aievemyatotd 

SGeoeovsseeoecvece 

Buncombe......e.e- 

ce 
eeoeeeeoe: 

66 
eoveesee 

Burkes-jois iets. 
Cleveland.....c.05s. 

Cumberland........ 

6é 

FOrsyth, ox cos Wnaiets 

66 
eeeeee seeeees 

Gastonia da cislsep clase 
Guilford by cha aie aheetaceth 

66 

NEW YORK STATE MUSEUM 

Brick clays 

SILICA 

arte ye A Ferric Town Remarks aan Alumina omid 

bined Free 

Canandaigua.......| For hydraulic dry 
i press brick, Qua- 

ternary clay..... 46.55 12.66 4.92 

Croton point....... Blue Cla Virrlslels es see 51.61 19.2 8.19 

re ehepese| , COMOW clay: yas « 56.75 20.15 8.82 

E. Kingston........| Champlain clay.... 55.45 } 18.91 7.39 
‘s ecoovever oh eaeaer 61.65 15.24 5.61 

WAILKESDGLO..=: opps) Gomera sb ste etaad aes 54.808 | 30.924 a .787 
Spoutsprings.......| Purple clay.. MOO LD aeleye 56.63 26.22 5.93 

Shoe heel depots...) ade saietisid secs Rieialtte eve 60.93 26.53 Ur (al 

eeeeeeeeeereneeesene e@eeeeeot speeeoeceoeoeeseeaes 42.25 11.28 3.62 

Prospect hall.......| Upper brick clay... 56.13 17.8 5.85 

a «see+e| Middle brick clay... 63.3 15.87 5.48 

is .-»e.-| Lower brick clay... 55.65 20.86 5.11 

Emma.......+......| Upper clay, Penni- 
man’s yard....... 66.27 19.95 3.16 

Ao Piura raverelecs elarbhete(siere Lower clay, Penni- 
man’s yard....... 70.66 17.21 3.44 

Fletcher.....e..ee..| Brick clay.. 75.08 13.73 8.47 
Morganton..........| McDowell’s ‘yard.. 67.03 16.88 6.50 
Grover....eeecsseee-| POW. Clay mfg CO., 

clay for white 
face brick........ 53.07 29.54 1.27 

y soeveceeeess| SAME COMpaNny, pit 
¥% mile east of 
GYOVEl.. ly. ue se 64.18 22.35 1.95 

hg ecscoctsessss| Under, clay for red 
; brick, Cleveland 

BEICK COs clases 61.75 23.3 3.34 

Wy Meeverevaer) Upper \clay, same 
company.......... 65.45 20.02 4.18 

Fayetteville........| E. A. Poe’s brick 
CLAN, Vow. wanimine ae 64.93 17.08 5.57 

* eevee} SO-called “tough 
clay,’’ same yard 58.17 20.1 7.43 

Bethania............ Carter & Shepard, 
lower brick and 
tile.clay }.. ..+-.% 64.39 19.11 5.39 

og soevseseese| Upper clay, Carter 
& Shepard ....... 55.81 20.06 11.79 

Mount Holly........| Not worked........ 61.28 20.83 5.51 
Greensboro.........| Dean’s brick clay.. 59.27 22.31 6.69 

eS eeeeeees| Greensboro brick 
and tile co.. 56.81 20.62 6.13 

pA pieteraieininte Kirkpatrick's brick 
Ret is Se ae 69.7 12.87 6.18 

Roanoke rapids.... Upper sandy prick 
oye s 5 rae 67.55 13.16 8.54 

id inate Middle brick clay.. 65.58 17.14 5.76 
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(continued) 

is 

18 

19 

$8 

as he ey 

225 

Lime |Magnesia) Alkalis 

2.05 

5.32 

4.5 

678 

2.8 

1.31 

CLAYS 

WATER 

om- 

binea | Free 

7.25 and CO, 

5.52 and CO, 

7.8 5.58 
6.85 2.026 

7.148 
10.92 

9.44. 

11,4 

11.6 4.5 

8.25 2.8 

9.94 4.26 

6.17 1.15 

.05 8 
4.€5 Fi 
4.78 1.8 

9.93 1.29 

5.98 95 

7.05 1.18 

6.58 .63 

6.58 2.48 

7.84 3.28 

1.5 9 

8.8 1.85 
8.79 1.43 
9. 1.9 

8.6 1.64 

4.08 1.5 

5,08 1.63 
5.58 2.45 

OF NEW YORK 

Miscellaneous 

esr v,eee8 

seeeeeee 

eeeeee 

seeee. 

eeeeee 

eeeeee 

seeees 

893 

Firm names, authority, 
or analyst 

H. A. Wheeler, anal. 

From Terry brothers 

c3.772 | Mound city brick co. 

Sulfur 
1.78 

Sulfur 
1.18 

Fer- 
rous 
oxid, 
67 

peeeee 

f 1, p. 357 
Geol. North Carolina 

Bull. 13, N. C. geol. 
02 sur. p. 1 

Ibid. p. 103 

Ibid. p. 83 

Ibid. p. 108 

Ibid. p. 109 

Ibid. p. 110 

Ibid. p. 111 

Ibid. p. 112 
es 

Ibid. p. 113 
Ibid. p. 115 

Ibid. p 114 

Ibid. p. 116 

Ibid. Pp: 117 
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Brick clays 

aaa 3939393333353 35 I (CGS I 

SILICA 

State and county Town Remarks Alumina| Ferrie 
Com-| » oxid 

z bined f= > 
Az 2, ee oe, LS a 

N. Carolina (cont'd) 
1 Halifax .........-+-| Roanoke rapids....| Under brick clay .. 59.68 16.09 8.91 

2| Harnett..........-.| Spout springs...... Not worked........ €4.16 21.76 1.58 

3 oe peeoreevaeveoeer at e@eeeeoee ze e-eeeeeoe 50.68 82.51 3.06 

4 my eeeonceveevevee ee ue eeseevee gs ee ee 53.65 28.66 4.5 

5 | JacksSON,.eccceccess| SYLVA. ceccnscvcceces 34 mile south of sta- 
+ fae Not worked. 66.7 19.75 3.25 

6 | Mecklenburg...... Charlotte. eiaieuaeievorers K. Cecil’s yard.. 68.35 13.18 6.87 
76 me eseeseeesn eeeeeevever a Ses 

WAT wccisicis vis «ate 59.15 * 18.36 6.04 
8 ue eoeeoess $6 eeeesreseeee Sqssamon'’s_ brick 

(CLAY: inletwivie v2 eece 65.95 14.67 7.61 

9 as eoenever et eeeteeevecee Upper clay, As- 

bury ’s yard...... 60.33 18.57 10.03 
10 | Rowan..... Seveew lel SRHSDUPY.c<96 lcicke D. K. Cecil's yard. 69.89 15.31 4.39 
11 Richmond........--| 4 miles north of| R. L. Steele’s brick 

Rockingham ..... C1AY  canensinioisininteiet= 59.59 22.07 4.27 

42 | Robeson...........| Red Springs,.......| Sandy brick clay... 78.16 8 26 4.09 
13 | Union... ccsececncs| MONTOCt ss. c0sce0e.s| tI l1. Shube's* brick 

Cla ncecis aero 76 16 9.98 4.46 
14.| Wake... ..ccsees.| Raleigh.....sesssess ere ich bs clay 

MiGs) | Mawes 70.03 15.64 2.88 
15 | Wayne.....25.....-| Goldsboro..........| H. a ‘@rant’s brick | 

CLAW? 68 Dasisiheneterere 66.05 17.81 6.69 | 
16 SPA otinvaisyaiess)sieisig A vecveseee-| Weil’s clay pit..... 67.9 18.74 3.16 | 

17 Si) Wes terelersialeiejecainrd wy eoeeneece-| Grant’s brickyard.. 65.95 13.51 4.64 
18 | Wilkes.......e.se...| Wilkesboro.........| D. Smoak’s upper 

CLAY ie Sawit gale ares 53.75 24.91 7.99 
19 Ge eeoeoeeveeseeee Sik eeeoeeeeee D. Smoak’s bottom 

CLAY Beinn wasn ae Seek 52.25 20.66 11.14 
North Dakota: 

20 | Grand Forks.....«.| Grand Forks ....0..| cecccvcvceeevecseeees 51.27 9.33 3.52 

Q1 Burleigh ....ss.e0.- Bismarck .ecccesere @eeeveeeseeeeeeeereeeee 58.73 14.98 5.63 

22 | Williams...........| Williston ..........-| Clay with coal..... 57.8 9.47 3.16 

BS WAIO) os seep cecus| MIO ( Cottons j 
MINE): ssdceersssess| DIME CGAY. ...ccss00+ 56.86 25.03 6.11 

24 Stark eeeeeoeseeeseon DickKinSoOn. .e..eseeer> Buff clay sees seeeer 56.038 24 23 9.46 

25 SY Sakovececsvs de| MUGhIGh MING i fiea- | WHIbG CLAY, cevmnsics 55.77 12.15 4.27 

Ohio: 
26 Stark eseeoeseees eee CaN TOM ais, cintonre cevareyare Shale ...seeeseeveees 57.1 21.29 VoL > 

Of eeeeoeeeeeeeuae Waynesburg .,....- eeeeeoveeeeeeees 49.3 24 8.4 

BAR| SATNAV 6 neaicssncd ol COLUM DIIAY. «<x cemaude CLIN,» 5 ty se ae ate 14.5 | 56.8 12.63 5.07 

29 | Lawrence weseeeee-| Coal ZrOVE. reese Brick ‘and tile clay. 56.9 28 1.5 

80 Lake eeseeeeeeeeeneense eerer ee Peseeeeee Shisle yal... saewetaseines 58.26 24.64 7.29 

31 = é Snpeeaneeceu ere egerr i «5 —. @8 85 @ 7Re ee iy eeeveeeevesreeees 59.24 24.73 5.07 

82 OMIT a cinlalete ew ieetale Elyria seeeee eeeeeecer Sik @eenvaveeveneeene 60.38 18. 89 2.714 

83 ly aeeteeeaeeeeeos oh @eeevaseeeeeene eee eeeeeseeeeoevees 60.55 18.29 4.7 

84 Trumbull eeeeoeneees Doughton @eeeeverte Semi- -plastic blue- 

gray clay .....ee- 63.69 23.91 83.57 

85 re clase mages of sehsavees| SeLOR clay. zeigt 62.86 23.91 9.21 

36 ‘ dat Carneee ut seseeeees| Plastic, whitish 
BTAY <cccsslense ues 66.28 21.49 8.21 

i a a. 
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(continued) 

WATER 

: . ‘ . Firm names, authority, 
Lime |Magnesia} Alkalis Miscellaneous or analyst 

c om- 
S bined Free 

4a —_— 

1 1.35 14 3.24 6.33 AOD oie wnaincies|, .sterstenlpiels eee» | Bull, 18, N. C. geol. 
sur.p 118 

2 23 15 Hits 8.3 1,42 Roocboe| haope Fer- | Ibid. p. 119 
rous 
oxid 
1.08 

3 3 02 58 11.08 1.35 LAGER PARAS Soc desae,() 000. Dp. 1:0 
4 1 1.35 29 10.79 DOr erik es arches acces |fiaties wee vevee | Lbid. p. 121 

5 45 16 2.12 6.65 AS ull 'sisteies Ae! Se r are ce 
6 2.1 32 2.82 as 1146 St Mh cence - secs» | Lbéd. p. 123 

7 2 84 1.72 7.47 Tale alle aaeneay [hee sts) meres . | Ibid. p. 124 

8 2.57 25 2.55 5.52 DRO Tisaihs cx AA mec “HAGs se 

9 2 14 55 7.83 63 i ata) cisleialll| he votstelere e seece | LOta p. 125 
10 5D .16 £4 6.37 1 91 @eeeeeoe | #08 O88 e eee Ibid. Pp. 27 

11 65 .49 2.7 7.53 IROG oie tiaeee« Be sie Ibid. p. 126 

12 4 22 2.91 4,14 VO pail wiste sisice'a, eb da raion | Pes bh ole mS 

13 oO 27 2.25 4.3 1.65 eeeeeere senses eeee Ibid. p. 129 

14 8 Ay 4 1.47 6.37 1.6 He BMG ocied hooacOT seeee | Ibid. p. 130 

15 3 25 1.04 6.32 ABB Gl litsresiclerete(ey'| mp hetete tev satel Thid. p. 132 
16 4 45 1.85 6.03 1.85 alate siataip crtahersiote Ibid. p. 134 
bes 20 | .36 2.82 11.58 1a obane coc sees | veeeee | iG 

18 AUS 1.12 2.94 7.6 Tr OF eie eesiaye Shari [KLeBIes te we 

19 6 1.08 4.62 7.46 DiMirerullVsiolso) x asia doa ae BENT | Warelete ate Ibid. p. 135 

20 11.15 2.31 2.58 @eeeotees . eeeose | © ®t eee | weaved seeee ) 

21 2.1 74 1.148 16.672 ralcieercisters iitciartotom Vite mratelats | 

22 7.91 2.84 ee ee |, @eeeeee | eeeee eeeeesee . peeeee | 

\ Rep’t labor bureau 

28 71 6 66 10.014 or aie, ol eae ae a | a bake 1891-92. 

24 ene ee . 31 .808 9.39 | eevee . > | se e068 eee | 

25 5.92 1.9 1.248 18.742 sfocesajnsuiey | yisia eiiwintal tals ek | 
J 

26 29 1.58 4.05 6 1.3 diofusisseiesa |v mcrae etal Heo aiale ob Ohio geol. sur. 1884 
27 56 1.6 4 9.4 Tee) cpap Wasa afa'h | abe > “ Git 
28 1.05 @ereeare ee@neeest bees Zaeeacacd F 8G e Biacsie | esvssviegn iy eee - 6 

29 alefelely Ae ie'c ales ESrGyeliese sae se B eisjepnicieie, \l ote ae ote EN WNRId ad a From Forestdale brick 
and tile works 

30 2 1.246 1.14 aeiasiee GOES cia therebh [erzeidee aaulita sietetde From Buckeye brick co. 
31 1.714 2.13 Dylan waqaut Hasina e OFAN) ASR eMY HD wah bs Coy 
32 94 9.12 VGGrl ep ananas Peesee Beds HAP ago A amb From Lorain brick co. 

[ CO, } 

et aay | | 
33 2 .81 3.38 eeeeete | seeeer © | eeeeees | SO, [ i ‘ 

| 
\| 118 J 

34 44 Ue eeeeeees eeeee 8.36 eee BS 64) Fh ie Bieta Cie) 1) 66 ¥ 6 oe 

35 ot .48 eseeeeee eee 6.26 Ot eT a a! a oa ee Y 

36 tr 5.75 eeeereene eeneee 5.85 eer . eeeeee aan 

_—“ — SS. [+ !_ ese eee oes 
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89 

Pennsylvania : 

State and county 

vececvevcecess-seeee| Kittaning..........| Soft brown shale... 58.31 24.54 8.75 
eh Ce cde hates ee eseeseees| Blue gray shale.... 55.17 19.92 12.01 

Sicraroislettahtetalmieyetete Bret: ae cesccevess| Hissile Shale........ 59.8 19.72 5.92 
psa stutatbtevateret pia tite latefatalgrs ee secosseees| Hire clay used for 

OTICK sacide wee mreate 60.4 26.23 1.34 
24 a.23 

eeoseoreeeeetere: seeer Charlerol......se«e- Red CLA ca sista bess 56.32 21.44 9.92 

e+ seerevoe eoecsecen "E eeeoesvece Gray shale.......-. 51.12 24.6 10.49 

Allegheny .........| Pittsburg...... ..e.| shalefor terra cotta 
umber. .cvcessee- 57.537 20.127 | ab5.797 

Montgomery.......| Norristown ........| Red shale .......... 64.4 18.54 6.06. 
Cumberland........} PiMe@ZTOVE .6c.cccess| ceccccccces dia cena Se 74.97 13.86 a2.7 

Clinton ............| Lockhaven .........| Red shale........+. 56.55 21.46 9.72 
Erie er epeecseaeneeoe Corry evceoceeeeereoere i @eeeerteeee 46.491 33.119 2.84 

Venango .... Rees Franklin .......000. xy ed ch ees 61.06 21.76 ” 04 
Indiana i.sisses.-| Bells Mills... .. évee| Plastic clay .voise.- 68.49 18.46 a 1.566 

Somerset -.....<cs | Hooversville:. sssce |) Clayous. ccesctcssees 45.73 29.698 | @ 6.857 

Huntingdon ..,....| Lewiston..........-| Upper clay.....++.. 73.9 13.07 a 6.1 

Warren ...ecc.e--.| Little brokenstraw 
WAMLSYs vcr nine sicie'eis ER Vinaiate cigs eussaipinss 65.12 15.989 | @ 5.464 

Thehig hy hia cetes bslete Schneiders mine... ih eoaeeeeeoeerseene 53.17 23.431 a5d.4 

Chapman station ..| ........ Tas sib Sane 60.53 17.4 9.29 

Monroe peer eeeeeoes Stroudsburg ....... CT aiyetade cs ee viet a disle'> 64.7 28.389 1.28 

Beaver seeorccsees New Brighton......| Terrace clay ...... 67.78 16.29 4.57 

Crawford.........+| Titusville ..... Li desiul| othe erevsieie sMMRSSBERGTH e's « 51.01 20.98 6.831 

Tennessee: 
Scott..... Gee gtd Oa ME VOWDIO TINS cave cle’eie trial re li CU e ctorele sieretare eres siete 70.57 15.19 7.97 

Texas: 
PArrisOn . ccs s'ce cata DIATSHAIPD ich sien Gad ha stews celeste saeeebeeens 71 20.2 2 

Harris even eo eevee Harrisburg ix. sacred eoereereeeereereeeeesre 78 3 6.3 

Grimes wenReeeeaeeoes Courtney eeeeeeeees Clay epeeeerpeeseeeeeoare 40.69 12.68 7 3.9 

McCulloch ...c.eee- Milburn Sa en eC Lh eeeeeeenertessore 57.6 19.34 6.14 

Waldrip Bed, Cisco 
. division ...... Boor] erGOO DOT pciOC Cac Cir 55.57 22.04 7.85. 

Cass @eeteoeevpeeeeee Queen City......00. (O16 arigdr deur uoor 82.6 10.25 3) 

gi @eeceoeoeveoeees eh eee Gideon Story H’d’t. oie eeeeeeeeer eee ree 66.7 11.48 8.78 

Oe De alee at | pAss Dima E46 yeti Te wretercaiedadeete alsin 68.3 12.2 

Marion ls iect. cee: A. Richardson Hid’t)~ °S \cesncsesecuvees- 62.4 20.66 8.54 

Smith....cssccsee.e.| Garden Valley....e.| °*% seceseccsecveces 69.05 22.6 1.4 

TUBES Acs dacescecdtt LLCDGETSOR juhtcwes- |) “Ue weeueaagiscaican 64.4 24.17 8.23 

SHAG iss cc clecinne eens Tyler eeeeeeeeeee tY eeeeveeeaee eene- 85.4 10.02 2.18 

PANO oe cweccods | ORTUDAZE fs icetelesl| bubs dimeutatauittainicts.sisteiele 82.8 9.83 2.57 

iS idasdeantscs| Tatum sation! ...'.: Gray CIAY «cas citess. 57.8 18 94 7.55: 

Orange.......:... | Millville.......... «o| LQ, Clay snes 62 12.12 8.08 
secevscseee-| West of Henderson| Dark clay .......... 71.25 18.58 1.62 

Washington: 
Lob osama hae a TACOMA .sccevereees| White Clay.....0.-- 62.43 18.79 4.2 

Town Remarks 

Brick clays 

SILICA 

Ferric Alumina oxi 
Com- 
binea | Free 

ed ee OS. ee 
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(continued) 

WATER 

Lime |Magnesia’ Alkalis ; Miscellaneous Firm names, Re por ite 
Com: | pro or analys 

Ps bined 8 

Z fi NDE ATU Me eeade Sane Saal Le 

co. 
1:97 Rep’t Pa. state 

8.71 soe. oer eeee seeeen eeeeese college, p. 123 

Z| seecseee | seve seeeseee 6.81 ieee secseces | coecee | succes Fi Sasa mfg 

| 

| 
J 

6.73 eee Pew 48:3 ae eseeoee seeeee } 

r 6.59 eres eeerreoeen eeeever eeeese lbid. Pp. 181 

— Oor 
= 

by diff. 9.022 

41 -46 ~eeeecete 

12 BL 3) 02 ies Sicko oe 

c .474| d1.68 5.387 
C aCOz, MgCO, 3.692 

8.93 2.58 

12 58 .23 4.55 
13 -20, 1 pol 2.775 

14 44 1.005 3.415 

LAE Wetaieiecs. 0. |r otetmty dec’ |) sence | occcoe | Eittrbure ter. cott. 
Jjumber co. 

Be cinae oh ly cece ee. Scoerieabremc lite... | ernkionien) brick Co: 
SMO MLN ee hipeae esvoee | eee. | Fuller brick and slate 

co. 
eh miata lag Se nals sesees | seeses | Mill hall brick works 

woccees | wacees SO, soeses | seeeee | J. F, Elson, anal. =O oC 

Becca Ne eee Ign 4.8 | sevees | «sees. | H. Froehbling, anal. 
6.31 ate aes en oat ee ts ee ve Bk sur. MM, p. 

4 
12.86 aeoe eee jephete eeeees Ibid. HHH, p. 123 

15 06 526 909 Bs430 5 Weems asd cocces | seseee | LOid. HHH 

3.16 eeverereos eseece Ibid. 3 

4.86 eene c1.25 eseeeee ae 

GTi le salt wel lr Acer eosces | voeeee | Fa. geol. sur. D. p. 58 

Rete tee craee wack | LoMeeCO eect | eeee sn SMOnroetPriek and) tite 
co. 

6.34 T Og FB) svacee’ | aesene | 1897: Rep’t Pa. state 
college 

(| e1..09 
| 

eee SMe A ig | 140872 no vBIBA| v.sak ria COg ae Pa. geol. sur. no. 8, p. 
J i 

eeseeeeeeeeeire ever pene eervese eeeene Clay worker, Dec. 18 3 

23 eeeeeeee @eeene 7.4 

24 tr. tee. 7.41 
25 18.12 92 1 

SEA ME ae EOI I Sos cy a8 esceee | seseee | 22 Rep’t on ircn ore 
dist., E. Texas. 1890 

aie eisai Ign.2 eovcoe | soaees | Texas geol. sur, 
HO and CO, dee soeees | ooveee | 4th Rep’t Texas geol._ 

22.55 sur. 

26 1.22 eeaertee oO x Loss 7 Mosisisullieeseue | ep GO i Col. coal 
field, Tex. geol. sur. 

Po 3 
Y's STOSS' COT aeanecay Wal eciaane } 

eeeee- ee | 1690 Rep’t Tex. geol. 

seeeereeas eae 10-S 13 eeeeer * eevee | 

eeeeesorreeeneee Loss 14.6 evevee eevee J 

eeserereeere. ree ever eeeves eeeees Ibid. 

4.12 eeeree ereves 

G20 SOx 19 eaeene @eeesr 

es Sa Lepeee saath | veeses | Ibid. p. 229 

9.01 PE O08 ae : 
eeseseowe#e ~@eee ‘eee eseeeee eee eese lbid. Dp. O57 

“es 

for) 

sur. p. 91 

eg tabi 
. 219 ~ Oe Ibid. 

no ye) =T re) So oa 

WHO AR OO Od 

ce 

55 eeereeene eseeee eeveee: 

eeeeeseeeerseeee Ign.10.93 e@eeees @eeese 1 Ae ie Clark 
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Brick clays 

SILICA 

State and county Town Remarks Alumina| Ferric 
Com- a oxid 

6 bined| “T° 
a 

West Virginia: ca as. 
Ll ra aine saben NMOUNGSWAMG. 4.00000 1esns acme saaekieess 71.78 16.01 2.86 
2| Monongalia........| Morgantown. ..... Clay near river .... 73.88 12.73 5.78 
3 Shhdie oh we Morgant’n brick co. 3 re 75.12 11.2 5.22 
405 Matalellg cgen-ten| MOUnGSville: 5.2 .msin| cmnainecs seen ose caie seins 74.62 16.01 2.86 

Wisconsin: 

5 | Milwaukee.........| Milwaukee .........| Clayseccssssscsseeee] 38.22 9.75 i 

6 DaNGis vic aucceeimnaee Madison ...0<¢ eeenee peeereeeseeseoeeeesee 75.8 11.07 } — 

” WHHIGHEWIS TADIGS ..).'ho cols catia palecvicn as match 70.25 17.68 2.82 
8 Milwaukee.........| Granville station...} Clay.......ceeessoee 52.18 19.27 3.138 
9 “s AGihctw Siete ats|| Seolelaversretalaserava euelecey ela’ ..-| From the Chase 

BriCk:COrccs aceite 38 .07 9.46 2.7 

Sha 
Indiana: 

10 +. Fountain: .. dec» ss 4. [, OtOne DIUM. Js. 023<.] J. We OHUSECr 4s acs 68.46 16.08 a 

11 “ Pm, Dyan eee’ We Ra Po thle ne 67.82 13.6 a .45 

12 | Gibson...........e..| Princeton ..........| Near Air line shops 62.04 18.49 a .06 

TS | VKMOX cis, Hereelee Nee» VATIGODTIES ~ sareiniciserti| Whielcinc seinveletsivisieie c\aleicieie 64.05 16. a5.85 

14 | Greene. .ide0s vec ece| DUINGON ES cecicc esses. | USland, coal’ -co:, bis 
shale no. 8, shaft1 55.31 22.46 a 

15) |S OPALKO. cs adasagaeen. | NECOCAL SocsccedtceiMOn ty uu.) MeCune, ‘ 
shale no. 5....... 58.83 22.34 aes 

16 s eeeeeoeeeaeeeeanes « @eeeeeseeev eee Ss. L. McCune, ; 

shale no. 9..,..... 59.02 20.93 re: 

17 We doe nipadbode occ OL) Mawes tese reel *Oep. 0 Lede LCOUNG: p 
shale no. 2.. ..... 59.77 20.6 ais 

18 | Perry .......es00...| Cannelton..........| American cannel : 
coalco., sh’le no. 7 53.26 25.77 a : : e 

19 | Spencer...........-| Railroad cut near 
Lincoln.... .,...-| Mixture of shales.. 56.68 20.33 wt 

20 | Vermilion......... | West Montezuma..} J. Burns, shale no. : 
eeeeepereeeeeseeeeeee 46.07 24 22 a .34 

9.65 
21 eg Seteimieieateras es ..| J. Burns, shale no. 

Wcdicetaeptarnute le aletetahs 56.32 24.34 a 

22| Vigo......sese5e0s..| Terre Haute. ......| H. T. Thorp .....0- 61.05 21.46 a.71 

23 eesveeeeereeeeeeeeeeeee Rocky ru ..csseoes eeeeereeereereeeereseeee 55.2 14.4 9.4 

Missouri: 
Q4) | BALES tives asscevcs| POSTCP Sec scmcaces]| NOUNWODICOGN a-icse ns 55.96 20.62 8.12 
25 | Christian ..........| Billings ............| Used for . terra- 

cotta...... patuiaieaiets 63.11 23.11 1.79 
26 1 CoOper. .vscccicsse.| BOONVILLE. ccescesaee| NOG WOLKE sccccces 58.24 23.62 9.02 
QP HOMILY css: Cea pian Clintons. <sa.teccoes ae aiciagepnies 52.7 26.86 4.49 
28 e secceeee ov-| LOwn Creek, Cl't’n. ss POA SAGE 54.69 25.96 4,97 
29 Sle Bia bine s sei delvw eel CLL ROrSOMel OTG i ent st cEaeeiete 55.02 24.38 5.79 
80 s Giles hapah | elas) Creeinitvers ce tate Ce a8 55.44 22.88 5.86 
31 = puteisiaviodeeeiee || VICKOY, UAROS can se oaisieietelate 59.06 23.05 7.31 
82 | Jackson............| North bluff, Kansas 

5 ee Used for press brick 55.75 21.16 5.69 
SB). JaSPers ciccssteuese| Driggs Shaft, 

Bie y oy Us ame Not worked........ 55.84 22.78 5.24 
34 Johnson. seer eeeees Clear Fork. @eeeetere nig @eeevece 60.82 23.98 4.37 
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(concluded} 

WATER 

Lime [Magnesia] Alkalis |~" Miscellaneous Firm oar all 
S bined | Free 
a 

Z .B2 .43 1.98 5.45 misicjalbicin’e fiP erelero/cu tl terae -»- | Mound City brick co. 
<0 Ne SES See mi 1.67 4.64 1.12 pamiepeisiice lle acecere ..ee-- | A. R. Whitehall, anal. 
27) Asee See .18 1.67 5.1 1.3 qa a ECR ML Moree eT? Palters. oe 
4 .32 438 1.98 ELAS GC. GD el cetmacewsHis eee es] iers esse | From Mound City 

brick co. 

13.24 
5 set t di5.88 2.81 2.80 eeseeeere | eeeevee | of eee | ry Wisconsin, Q: 

4 6 
6 b 2.45 Py 3.14 3:7 aeeeeeee . . eseeeee J 

v4 83 1.49 2.08 ReGh > 4 ates Maat. Ibid., p. 469 
8 .09 7.29 Po sy Gi | VEE | 12.64 AeeoneeeesE Bthece B. Schmidt & Co. 

9 15.84 (8.5 TG! en six 2.49 CO, 
20.46 *eeeee eeeever eee ee eters teases eeeeeee 

les 

10 .99 .05 CG Ears: ay (eee Dee seseee | €1.49 | Ind. geol. sur. 20:130 

11 5 44 2.86 9.72 eeeeeee . ees see . e1.1 a 

12 .16 91 2.97 Goals ok ees ce ae amewre Sl usenet c1.8 ab 

13 .42 2. 3.78 3.79 Es | a eee el. = 

14 .66 93 4.11 7.48 ereee we oreo? (7° e Sere ed c1.15 SS 

15 .49 1.56 4.81 Pen addtaicvesease | avenas c.? | Ind. geol. sur. 20:129 

16 59 | 1.66 3.33 7.59 meee raul raining siciwat | 7aisjeicte's e1.1 - 

17 .64 1.98 3.95 4.53 eer eeeeeee eeseve c.8 “< 

18 32 1.9 2.98 Ws ee ee Ta a c1.05 | Ind. geol. sur. 20:130 

19 be 2.09 3.78 6.54 eeee eeseeeeee seeee c.9 ef 

20 19 1-31 3.42 9.76 eeeee eeeeeeee eeees c1.19 = 

21 31 54 5.19) Palaces Wh As ck eee. | cetyl 07 “ 

22 .25 By f 2.64 6.94 moose uiicct ace ciel ie veces c1.2 | Ind.*geol. sur. 20:129 

23 6.12 .52 8.6 ehh Gawae. i tateet is a Ind. geol. sur. 20:57 
gia 

24 1.91 1.96 3.34 % 32 a PEsaeEe i oemcaae. Loceweue Mo. geol sur. 11:563 

25 42 ry é 3.71 (ECS Apres Sh PRT teva “ 
26 117 1.41 4.38 Gee Wh ee catem dt aeb > Sieur en lt rue eae S 
27 ot .68 2.47 8.66 SAS aMr eee ssiscie tl aioe eaie tilt aes ates Ibid. 11:564 
28 .18 15 3.58 8.9 1.41 ee Ar. tl eee “ 
29 58 1.5 3.32 8.88 1.08 ee 2 Ok ve OW OD OD oe) on oe os © aa 

80 .38 .69 3.02 11.95 ENE TM aban. Ut canlebs Nise wawe us 
81 .46 .86 2.8 CNL GN tee ee cee Ruieies wines a 

82 3.25 2.84 8.02 8.45 . ee eee eeeee | @8 88 ots 

33 73 1.26 4.1 9.84 eeeeete eeenenee eeee eeeeee Ibid. 11:566 

84 46 45 8.16 6.6 eeneeoaae aeeeetete seeee oe . a 



NEW YORK STATE MUSEUM 

| No 

OD VKIRMSeP Crore 

pet Ho 

23 

RS 

30 

31 

RES 

State and county 

Missouri (cont’d) 
Lafayette.......e0- 
Marion. 
Pike .. 

ee 

seeseoesneues 

Bible iigusiraw ss os 
Randolph.........- 

ee 

66 
eeeeeserves 

Ste. Genevieve .... 
PION TOUWIS aieicie slaves ote 

IWELNON csiece neces 
te 

Arkansas: 
Sebastian ee @e@eneeee 

California: 
San Mateo. .evesees 

Colorado: 
Jefferson AOC EENGGT 

aridasS..ceic aa 

Tllinois: 
Sangamon .....eee. 
Scott..... erpeeeeeee: 

MECTHOAMG etic iealecw nine 

Indiana: 
Vermilion. ..seeoe. 

Clava teniaiclesieiatesresute 
(?). saeereeceoseseone 

Vanderburg. weeeor 

Vermilion.. eeeeseoe 

AO LITGON siete! sistaciasies 

Kansas: 
Leavenworth 

Maryland: 
Allegheny . ...ceoee 

Missouri: 
St Logise ds. cbivwkere 

ees 
eee eeer 

Montgomery. veeeee 

Town 

Lexington . .eceseee 
Hannibaliics << .0ss0s 
Minor’s Land, Bowl- 

ing Green .....0.. 
Louisiana .......e0s 
Aldrich 
Humansville. 
Hammet’s 

veeee 

Stuarts mine ...... 
1% miles northwest 

of Huntsville .... 
Sexaner farm ,..... 
Laclede mine ....., 

IBaTretis. .c ses euie ser 
Deerfield ...... 
Prewitt’s bank ..... 

Fort Smith....csee. 

San Francisco. .... 

GOlGCTE 2 visieinsiciaveretar 
IMOPISOD. oi aa  biccemine 
BATtOWn scissile ovis 

Springfield. eeeerveee 

Winchester ........ 

Bloomington. ...00. 

COLIMGOMG es canicecie’s 

Brazil. 
Seer eereeeeeeseoesses 

Evansville...seseees 

OlintOn sets. teeueck 

Burlington .... .... 
Clinton .... 

Leavenworth ...... 

Mount Savage . eee. 

Cheltenham. Ritcheuae 

Montgomery .....+. 

Remarks 

Not worked........ 

ae eeeveeue 

at eee e . 

146 Ratene 

be Bete 

- eeereven 

iy eeeeeeae 

ese 
— eeeteone 

a e@eeeeoeee 

Used for sewer pipe 

Not worked ........ 
6 

eceeseeeseeeeeeeeeeee 

Shale. @eeeeseseneeoene 

TAY ic cine nierdotalniancleieie 

eeeceereneeeseerereseer 

@eereeeeerecereseersene 

@veeereereces er resese 

Petcvreseeeeseeseseres 

Shales iwc ores 

Mixture of shales 
and surface clay 
for paving blocks 

Mixture of shales 
and surface clay 

Mixture of shales 
and surface clay 

eeeeeeereeeeeeeeeesee 

eeeeeeereeereseees etre 

Carbishale)...ccBee. 

ClAY sv eceeeeeeeennes 

Coeeereererseres 
6 

Shales 

SILICA 

Ferric Bet Alumina peas 

pinea| Free 

SEIB 3” 

SAE EEC, ORR, eee ee: er 

4 

SR Kes 

Rom 

Paving brick 

23.74 8.18 

3 21.33 

32.21 
15 

618.21 

23.25 
17.08 

11.55 6.5 

40.875 | a3.437 

23.11 1.84 

16.21 

65.87 14.66 

16.54 

11.74 

61.46 
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ES: 

SS EEEOeeeEeeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeeerrrrmereeeo 

ail gE TE en ee 

Lime /|Magnesia| Alkalis 

16 eeneeeee 3.53 

ai) 1.58 

-66 1.81 

1.6 1.91 
tr. jas 

1.05 1.57 

Peon ors: 

rt OU mF ao Dd 4 00 <O 

1.31 

OLAYS OF NEW YORK 

WATER 

om- 

bined | Free 

OL for 

. ° 

42 1.42 
2 43 
CORT hc une ici 
16 veveee 

QI Qe — 

seeeeee | pesoeees 

9.482 

abe Ba Wes fea 

5.62 

9.68 
13.8 
14.6 

eseeses eeeee- es Ign. 6.69 

3] 1.2 

tr. 

Miscellaneous 

Po 0. 
1.15 

80, 

eeeoee 

-ss0e 

pceees 

eetees 

3.15 

e1.t 

901 

Firm names, authority 
or analyst 

Mo. geol. sur. 11: 566 

Ibid. 11: 568 
“cs 

i 

at 

Mo. geol. sur. 11: 568 

ts 

Ibid. 11: 870 

“es 

Byrnes on Roadways 

ee 

ee 

Min. resources, 1893 

J.S. Cary, anal. 

Byrnes on Roadways 

J. ¥F. Elson, anal. 

S. B. Hart 

Ind. geol. sur. 20: 129 

ee 

Clay worker, Dec. 1893 

Byrnes on Roadways 

os 
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Paving brick 

ao OH 

J 

ole 2) 

40 
41 

State and county 

Missouri «cont'd) 
MUACKSON sii witieete.c 

Henry...... se@eree0e0 

Jackson 
Johnson 

Michigan: 
Saginaw ..csesceser 

6 

Nebraska: 
Otoe.... e-eeeeseooe 

New Jersey: 
Middlesex........0: 
Warren... 

New York: 
Onondaga....eseees 

Beeeeecene 

Steuben....cssseeee 
GTECMIC vin euisiie el pote 

Ohio: 
Athens. .....-. 

Richland....... wees 
Bramicling Spee we wae 
Stark Eh ites eineiiteias 

sss eee +8 serene 

Columbiana.. .... 
Jefferson, ....c0c0. 

ee. 

Columbiana........ 
Jefferson.... wees. 

ee 
eeee eeeees 

Hocking... -... sisieist 
Montgomery....... 

Pennsylvania : 
Beaver.......+ Adlon 

G6 

Mercer. chert 

Ce 
eaecereoeveeear 

IBCAVED fies ciccsnnet 
ot 

Tennessee: 

Fla miilton shies 

DCOUL ness Rica Gdisietet 

Texas: 
Henderson......00. 

West Virginia: 

DUURLOUN: vcine c'o'e es ote 

Town 

Kansas re dame eee 

Deepwater, Mis- 
souri clay co..... 

Kansas City... ... 
Boyd’s pit Knob 
noster.. 

sete sessresceeeeeeeenes 

eeee-snesoroserteeserees 

Nebraska City ..... 

Woodbridge ....... 
Phillipsburg ....... 

Warner .... 

e@reecetervons 

Hornellsville .. 
Cairo.. vPeeoterneresee 

Glouster,..... cee: 

Darlington......00. 
Columbus...... mon: 
Canton saosin 
North Industry.... 

Island siding....... 
East Palestine...... 
TOLOWCOM es eke ePIC 
Elliottsville........ 

Croxton run.......- 
Haydensville....... 
Brookville.........- 

IMGWEACE ic sie c cetne be as 
Rochester.....--ee. 
SHATOM J caresiscs ces 

os6 
ereereeeretan 

Woodlawn..... nee 
New Brighton...... 
Corry... 

Powdes station..... 
Chattanooga....... 

Rob DNS teaser ce ne 

Morrisons... ct -ssers 

Cumberland........ 
Nuzums mills ..... 

Remarks 

Carb. shale .....0.. 

@eveeceerneeoeseseneeees 

ec.ecoeeeoeeeverenesese 

Gray shale ......... 

Black shale......... 

L 

eeteoetreesreeeneeeeseoase 

eecene reser eeceeeseee 

(CIES A Gagan Godacone 

PALO sien siclaeieaieie 

ec 
eeeoeeeeseesreoee 

esecoreeeeerereseeese 

Shale clay.......... 

ee 
eeeocesone 

66 
eeeresccvoe 

6 
eceresoes 

Gb 

Fireclay icin awneees x 
66 

eoontvaeees 

66 
eoesecseoee 

ee 
eeeocerececs 

66 
eveevnoeeccces 

oe 
Pe ee ee a) 

66 
ececneneser 

ee 
eeesensoves 

Shale access crew 
Clay Meigas ants ee visie siete 

Shale clay.....seses 

Red shale 

Blue shale......eee. 
(GI aatoenaoen octane 

eeeeavreee eeoereerevee 

aeeeeeeres 

peeererreee 

eb 
et ovseseoeene eee 

66 
ee 

eé 
oer eeeseeereses 

sé 

. . - > 

a 

SILICA 

Ferric Alumina oxid 

Com-| Pree 
bined 

64.37 

68.54 
56.8 

69.65 

63. 21.8 

54.6 

i Or iJ ~ 

or Ud 

ree Ve) iSe) [@r) — 

oo So = 

al anaes! omen Pay PMNMAIGNARELSSSR 

PO BOP aS og 



CLAYS OF NEW YORK 903 

clays (concluded) 

WATER 

Lime |Magnesia| Alkalis| | — Miscellaneous Firm mamas, pabmority 
Com- or analyst 

S bined | Free 
a 

1 82 2.32 3.78 eeeeeere eeeeseeee eeenervese eeseeee eeevese Clay worker, Dec. 

1893 

2 1.08 .88 2.37 4.62 a er a le erp -eseee | Ind. geol. sur. 20: 564 
3 1 is Goal | SAeigercne advicdos.| Poeesase sina pivle’nie Ti acaiereieel | eer uinie From Diamond brick 

| and tile co. 
1.21 tr. 8.52 Brae bdncsic ih omenGaes Te saace SPN meme -- | Ind. geol. sur. 20: 566 

14 2 2.65 Rinewiciliarnvice.s: [itecestets AC ORIOGE | minaeooe From Saginaw clay 
manufacturing co. 

1.05 1.69 3 Le ia Ge ae ic ate aor a 

Uf 2.18 .94 .98 4.96 e@ensveees e@eereveve eveecee eseees on 

8 OP CES ae ae 49 13.59 TAb | eastueistes | OL | aaa, tie ee Ree ei a (ee 
9 4.14 3.15 3.42 z «6 | SO, .89 |. P53. O 

2 2-5 se 
13 eseeeee 

10 225 | ‘1.29 1.2 9.25 80, 2.78| COs 

@.50 eseeer 

li 8.36 4.49 6 eeeeveee 5.3 eeneeeens CO, 

3.04 |MnOtr.| R. Froehling, anal. 
12 .95 19 8.71 A dic Mia merece sas Sete RAE pig Cerne eee 
13 aee eeeoe | #8 @ tee eee . 5 eesvete . ee Oeere st. 6 ©0808. R10 From Catskill shale 

and paving brick co. 

14 9 af 62 3.63 2.7% eeeseses eoeove eee ) 

| 
15 .29 1.22 3.66 5.9 gS aa A AO Seal be ala tat | toe teietst ane ~ Leeel. sur. 1898, 
16 .44 WR 4 5.02 (eee Basadce ais abiedovan valion’ it Ameiale ic 
17 |... ts TE 2 a aN aay Wont 
18 ne | 1.41 3.99 CV EW ieee fie ta ek ee) eeeeeese eere eeeeer J 

19 -42 68 3.43 8.87 sthO)a|tiarerstereiats OU.26 |. wena Ibid. p. 137 
20 .62 53 2.74 9.95 B.05 | seumoats te Baeo bt tenes us 
21 Br itd 1.41 2.82 9.67 a ACP sellgodenet ric CAAT Noreen. ae 
<2 125 61 2.69 8.35 2.25 eeeeovoee | @8 eee eeeeee &s 

23 15 34 2.9 BBO Il’ Sate aie steps ||lrolegatetatenatote | tavtatets atom |acteietera:s me 
24 55 45 ilPG: ri Pel BRR Al) AOnIO.< Sebel mock ant. @AbCHo £ 
25 1.05 75 1.53 Se ee ee sieisiettraca| bate ctarete “lbirateere a bie 
26 4 54 tite 8.7 eseeeeeve | #8 Ce ewaee Ff £8 Seu’ i> swene & hs 

27 .48 4 1.43 Be” SSA Ang limo commcecltnec rea dm eerone Ibid. v. 1884, p. 189 
48 15 2 2.4 6.67 ee@ereeee es ef eeeeos aie 

29 06 .33 3.24 7.5 ‘ PVR rae ase Monong. fireclay co. 
30 41 1.18 2.19 5.38 HESE OO inescart ade Park fireclay co. 
sat .48 04 @eorteevece peeeer ees eeneses Ign.6.26 ereeer seeeee Eclipse paving brick 

32 44 Bee egy Py cg eteneniny Pa Brahe AO ee. and clay mfg. co. 
33 82 POMP) cer akisle LOVE) Per rae ater CUS he ae 

.86 .386 5.4 @eesveseevreveeeee | £8 eee . eeertee ef 

35 | 612.84 d5.85 BeBe IE. pichainnininie baile ne Riv manatee Jodo sg From F. Stanford, 
Corry, Pa. 

36 .23 1 Slay lasdarcedis tseccds (Le tio MNO OKs. .. . | J. W. S'ocum, anal. 
87 .16 .33 2.18 GiB Lvon chant ee eres MnOtr.| ...... | Tennessee paving brick 

co. 
38 -78 .32 2.3 bia daisies stulsterste ates Sealy icia\eia vecse | eseeee | Clay worker, Dec. 1898 

389 tr. A) 4.44 eeeeeveeeeeeeeeee eeesne'eae eseeene eeseene Tex. veol. sur, 1890, 

p. 199 

40 1.7 38 SiGe A ccoduan seemceNiatel RadMea wr Le wiakan st) Weekte Clay worker, Dec. 1898 
41 POM ereain a s'ar3 sinee mips 6.3 Patiates valcents .»++» | Byrnes on Roadways 
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State and county 

} 
a 

California: . 
1 | Monterey .<.<.ncese 

9 Butte ..os esicereumaes 

Colorado: 
8 | JefferSON ....-ceees 

New York: 
4] Allegany. ..cs.secen 
5 | Saratoga. ...ccoseee 

Pennsylvania: 
6 | Beaver... 

Virginia: 
WC NOATIEUIUSEA cs olcleesisciaeie 

South Dakota: 
8 | Pennington ........ 

Georgia: 
9 Baldwit...csccevece 

: Indiana: 
10 RQ UIO VA cicissteial vieleleisisista 

11 | Greene... icccessvees 

Kentucky: 
12 | Calloway .......«0 

13 | Marshall ...-...00. 

Missouri: 
14 Henry ereecesveeeoees 

15 

Minnesota; 
16 Goodhue...... Breit 

New Jersey: 
17 Middlesex eoeteeenee 

18 
New York 

LOBE vehi aihle Rene 

North Dakota: 
20 | Cavalier. ..... aoe 

Ohio: 
21! Jefferson ..... at g 

22 | Columbiana sac... 

Pennsylvania: 
23 | Wayne...... setae oie 

NEW YORK STATE MUSEUM 

Terra cotta 

SILICA 

. Ferric Town Remarks bali Alumina onid 

bined | Free 

Jolon eoeeee vpeeeoveves (QE Meroe crioaponnne 85.07 7.85 1.16 

NICO Reis as sha tintermiate Ot eeeeeeeeee se ees 88.7 4.5 5 

Golde 2 sc ccwiciciieae Paleere eenee eeaevseeoeoeoens 68 .4 18.88 1.56 

Alfred Center.,....| Chemung shale.,.. 58.2 23 .25 10.9 
Glens Falls (see 

Brick clays)......  eueeeoeeeeoeeeeeeeees eeeeeeeeeeee @weeoeeee ereeeene 

New Brighton...... bitateaie aerate estates il 61.97 22.94 ai.818 

Sip ponee Wo eAta, a eavenega ry res 75.86 13.4 2.66 

Rapid City.....0«..| Shale clay ..s..ccuse. 70.78 16.738 2.78 

Pipe 

Stephens Pottery.. eeeoerceoeceeeeeeoeeeneeees 52.78 32.3 .05 

Cannelton, William 
Clarke * seeensene Under-clay..cesrees 65.83 22.94 2.64 

Worthington.......| S. Davis’S .......+. 68.25 24.81 8.04 

New Providence ...| White clay......... 61.68 28.5 1.68 

Pughs place ....... (Cais veristisi dieia/e'eisiose's 62.92 29.88 

Dickey sewer pipe 
co., Deepwater ...| Used for sewer pipe 60.12 21.35 7.06 

Laclede mine, St 
IB@UL SSAA sbodn code go 59.96 15.76 2 

Red Wines aes oacus bie 69.84 23.07 48 

Woodbridge ....... ee Gish ce acts 19.91 1.69 

ny ate avalonecs ot 33 29.1 23.8 1.6 

Angola speeoeoeoeeeens Shales vem cen akivee viele 65.15 15.29 6.16 

Langdon ...sse0.0-. ClAY .cecccccvececens 50.45 17.57 2.8 

Freeman. (see also 
analyses of Ohio 
paving-brick 
CIAYGI stinettare ds. Er cubelnele eames A winvelaleiaieiareintnl > ieldcbel | al em 27.88 2.41 

Walker’s Station..| Under-clay........ 54.53 27.88 2.41 

Texas township....| Catskill red shale.. 59.26 19.877 10.071 

Gy a oye 
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clays 

WATER 

Lime |Magnesia| Alkalis Miscellaneous Firm nates authority, 
om- F = 

6 bined — 
. a 

1 0.25 .85 .93 4.35 eeeesene eeeees eseeee 9th Tep’t CAL. state 

2) 8 .36 63 4.46 si eae IOs tel} {ha Bee | be: 

3 BB 45 | 1.71 8.2 B dinssesh set) aged. 
! 

. 1.01 62 a § G2590)) s.ce.nt| EDO 252 |e: D1 SOg .41| Celadon terra-cotta co. 

. 

- §¢ .44 .522 1.75 8.85 coecsees |C 1.975 | wee. | Pa, geol. sur. MM, 
; Pp. 262. 

7 28 -822 1.737 5.206 | eeeves SOz tr. eeeeee eeeeces Terra cotta tile works 

8 8 ieee 6.71 eoanee sesese | seeeee | Rapid C ty steam brick 
works 

clays 

Ry 42 .55 13.54 | 236 | seeeee | eeeeee | H. C. White, anal. 

ee cecsccce | cosece | coeees | Ind. geol. sur. 20: 90 

136 1.98 5.923 sislapeans! |) vianiweial rap viene Ky. geol. sur. chem. 
rep’t A. pt 3,no. 2640 

-209 1.736 5.255 covecoee | coveee | esseee | bid, no. 2763 

1.08 3.43 6.32 1.05 | seccovcs | -eeoe | coonee | Mo. geol. sur. 11: 564 

93 3.66 Tak, |. coeae ++ | SOg «7B | eseeee | seeeee | Mo. geol. sur. 11:570 

14 tr. GEESE) Wiss aie cian csguceetihcadase, | @sewas } LOM J. 1. hich, Sawer 
pipe works 

72 2.56 | 5.5 Ng Bee el ies Bang J. clay rep't, 187, 
p.- 

eeeerteee 2 

Bemeyt peates Ibid. p. 113 
Pe 5.71 eeteeee esepeeeese eeeeeene Swesne un ees he He Tt: Vulté, anal. 

1.79 .93 22.55 Loss3.66] .,..., | esse. | Rep’t labor bureau, 
; 1891-92 

.68 8.48 8 87 STGP as pesieete 1 26 | «+... | Ohio geol. sur. 5 1884 

.68 3.48 BLP Weck Pee adem A) AMOR T wvctns Ind. geol. sur. 20p. 138 

.308 S500 | ceas cece MADAM Re aie cates cocveves | secoee | cosess | Ind: geol. sur. 20:125 
1.01 7.33 

1.917 4.855 3.60 | ...s0-- eavadin B.S cas 012 | Pa. geol. sur. no. 3, 
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Pipe clays 

SILICA 

Sta ‘ Ferric State and county Town Remarks Bcd Alumina oxi 

Ss bined Free 
7, , 

Pennsylvania (con.) 
1 Beaver eeevse esveeeer Cannelton........ . eeeeeneseneesceneeeneees 67.67 18.28 1.08 

Q Butler... eeeee seeeee IBVblOr iisiecie cic act cients eeeeeveeseeevespeeeseeeeeee 59.01 21.77 10.73 

South Dakota: . 
Pennington ........| Rapid City.........| Soft shale.......... 74.22 16.38 1.95 

i Aoacde oe): vy eoeeeeee| FOrt Benton shale. 63.59 20.309 | a2.952 

Tennessee: 
5 CTI O Ss Welc o-e'e'« wet cleo’ Powell Station eeeeue 6 ee Sen 68.35 12.96 6.44 

$6 es seen SAIC i 0ccsictects «'s cee 62.3 19.17 6.88 
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(concluded) 

Firm names, authority, 
Lime |Magnesia| Alkalis Miscellaneous or analyst 

Bae ctehs'stera or. 3.08 AGEL. Ni Scancissulvesine sinsion || caveam | Qiescoul LLOMnd.. VWs mbnOritl 
& co. 

79 1.69 6.01 atarnatesetall ioe sinteesie «| tewiersle aie’ || wieeena cies eaters Butler brick and tile 
co. 

4 tr. BOG lh pwepev esl) SAC «| fqcuwesens, | reensep Rapid City steam brick 
i works 

.52 .612 1.402 3.8 eae nw aecia oieiwal Hin gitiare ta c 663 | Furnished by F. C. 
Smith 
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BIBLIOGRAPHY OF CLAY LITERATURE 

No attempt has been made to give a complete list of works 

relating to clays and the ceramic arts. While such a list is of 

value in its proper place, it is considered that the purpose of this 

report will be far better served, if only titles of value to the prac 

tical clay worker, or the general student of clays are given. For 

an exhaustive list of works on this subject the reader is referred 

to the bulletin by Branner mentioned below. Not a few of the 

many valuable works in the German or French language, while 

reasonable in price, are at times hard to obtain; therefore only 

the titles of the more important ones are given here. 

Articles which are mainly locality reports are marked a; those 

that are largely technologic in their nature, b; while a third class, 

which includes both of the others, are indicated by c. 

Barber, EH. A. Pottery and porcelain of the United States. 

WY, 4898: 

Historic. 

Bischof, C. Die Feuerfesten Thone. Leipzig 1895 (0). 

Blue, A. Vitrified bricks for pavements. 3d ann. rep’t On- 

tario bureau of mines. p. 103. Toronto 1893 (0b). 

Blatchley, W. S. Clays of coal-bearing counties of Indiana. 

20th ann. rep’t Ind. geol. sur., p. 24. 1896 (c). 

The clays of northwestern Indiana. 22d ann. rep’t 

Ind. geol. sur. 

Bock, O. Die Ziegel Industrie. Leipzig. 

Bain, H. F. Report on geology of Polk co. ‘th ann. rep’t 

Ta. geol. sur. p. 267. ? 

Report on geology of Plymouth co. 8th rep’t Ia. 

geol. sur. p. 318. 

Manufacture of clay-ballasts. Mineral industry. 6 

1397. 

The manufacture of paving brick in the middle west 

Mineral industry. v. 7. 

Binns, C. F. Ceramic technology. London 1897 (b). 
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Branner, J. C. Bibliography of clays and the ceramic arts, 

Bull. U.S. geol. sur. no. 143. 1896. 

Chamberlin, T. C. Geol. of Wisconsin. 1877. 2: 235; 1883. 

1: 668 (a). 
Describes Milwaukee brick and clay. 

Cook, G. H. Clays of New Jersey, N. J. geol. sur. 1878 (a). 

Cook, R. A. Manufacture of firebrick at Mt Savage, Md. 

Trans. Amer. inst. min. eng. 1886. 14: 698 (0). 

Cox, E. T. Porcelain, tile and potter’s clays. Ind. geol. sur. 

1878. p. 154 (a).. 
Crary, J. W., sr. Brickmaking and brickburning. Indian- 

apolis. : 

Crawford, J. Notes on California clays. 13th ann. rep’t Cal. 

state mineralogist. 

Davis, C. T. Bricks, tiles and terra cotta. Phil. 1889 (0b). 

Dimmiler, K. Die Ziegel und Thonwaaren Industrie der Ver- 

einigten Staaten. Halle 1894. 

Handbuch der Ziegel Fabrikation. Halle 1897 (0). 

Griffen, H. H. Clay glazes and enamels. Indianapolis 

1895 (b). 

Hecht, H. 

Articles on clay in Dammer’s chemical technology. 

Hill, R. T. Clays of the United States. Mineral resources. 

U.S. geol. sur. 1891. p. 474 (a). 

Hofman & Demond. ‘Tests on the refractoriness of fireclays. 

Trans. Amer. inst. min. eng. 1895. 24:42 (b). 

Further experiments to determine the fusibility of 

fireclays. Ibid. 25: 3. 

Hofman, H. O. A modification of Bischof’s method for deter- 

mining the refractory character of fireclays. Ibid. 26. 

Does the size of grain affect the refractory character 

of fireclays? Ibid. 26. 

Holmes, J. A. The kaolin and clay deposits of North Carolina, 

Trans. Amer. inst. min. eng. 1896. 25: 929 (a). 

Hopkins, T. C. The clays of western Pennsylvania. Ann. 

rep’t Pa. state college. 1897 (a). 
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Irelan, L. Pottery. 9th ann. rep’t Cal. state mineralogist. 

1890. p. 287 (0). 
Jervis, W. P. An encyclopedia of ceramics. Orockery and 

glassware journal. 1898-1899. } 

Jones, C. C. The economic geology of the Hudson river valley 

clay deposits, Trans. Amer. Inst. Min. Eng. Feb. 1899. 

Kerr, W. C. Geology of North Carolina. 1875. 1: 296-97. 

Ladd, G. Clays of St Louis co., Mo. Bull. Mo. geol. sur., 

no. 8. 1890. 

Notes on the cretaceous and associated clays of middle 

Georgia. Amer. geol. Ap. 1899. 

| Preliminary report on the clays of Georgia, Bull. 

6A, Ga. geol. sur. 

Langenbeck, K. Chemistry of pottery. Easton 1896 (0). 

' Lesley, J. P. Kaolin deposits of Delaware and Chester coun- 

ties, Pa. Ann. rep’t Pa. geol. sur. 1885. p. 571 (a). 

Loughridge, R. H. Olays of Jackson purchase region, Ky. 

Ky. geol. sur. 1888. p. 77 (a). 

McCalley, H. Report on the valley region, Ala. geol. sur. 1896. 

pt 1 p. 68. 
Meade, D. W. Manufacture of paving brick, Trans. Amer. 

soc. civ. eng. 11893. 24: 552 (0). 3 

Montgomery, H. G. Manufacture of glazed brick. London. 

Orton, H., jr. Clays and clay working industries of Ohio. v. 15, 

pt 1, p..69 (b) 

Pennock, J. D. On the expansion and conducivity of fire 

bricks. Trans. Amer. inst. min. eng. 1896. 

Perwodicals 

Brick (monthly). Chicago, Ill. 

Brickbuilder (monthly). Boston, Mass. 

Brickmaker (bi-weekly). Chicago, Il. 
| Clay (quarterly). Willougby, O. 

Crockery and glassware journal (weekly). N. Y. city 

Clayworker (monthly). Indianapolis, Ind. 
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_Perrodicals (continued) 

Paving and municipal engineering (monthly). Indianapo- 

lis, Ind. 

Thonindustrie Zeitung. Berlin, Ger. 

Topfer und Ziegler Zeitung. Berlin, Ger. 

Philips, W. B. Eng. & min. jour. 42: 326; and Journal iron 

and steel inst. 1887. no. 1, p. 389 (c). 

Platt, F. Test of firebrick. 2d. Pa. geol. sur. rep’t M. M. 

1879. p. 270 (b). | 

Ries, H. Clays of United States. Mineral industry. 2 (c) 

Clays of Hudson river valley. 10th ann. rep’t N. Y. 

state geol. 1890. 

Clay industries of New York. Bull. N. Y. state mu- 

seum.’ 1895. v. 3. no. 12 (c). 

Technology of the clay working industry, 16th ann. 

rept U. S. geol. sur. pt 4, p. 523 (0). 

Pottery industry of the United States. 17th ann. rep’t. 

Ibid. pt 3, p. 842 (0). 

Clays of Florida. Ibid. p. 871. 

Clays of Alabama. Bull. Ala. geol. sur. (a). 

The clay working industry in 1896. 18th ann. rep’t 

U.S. geol. sur. 1897. pt. 5, p. 1105 (c). 

The ultimate and rational analysis of clay and cae 

relative advantages. Trans. Amer. inst. min. eng. 28. 

The kaolins and fireclays of Europe. 19th ann. rep’t 

- U.S. Geol. sur. pt. 5. 

The clays and clay industries of North Carolina. 

N. C. geol. sur. Bull. 13. : 

Origin and nature of shale. Michigan miner. v. 1, 

mo.i15 y. 2, no. 2-3. 

Soceties. Transactions of the American ceramic society. 

Columbus. 

Smith, H. A. Clays of Alabama. Ala. indus. and sci. soc., 2, 

1892 (a). 
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Smock, J. C. Mining clays in New Jersey. Trans. Amer. 

inst. min. eng. 1874. 8: 211 (b). 

Clays of New Jersey. Ibid. 1879. 6: 1776 (a). 

Spencer, J. W. Clays of Georgia. Ga. geol. sur. 1893. 

p. 276 (a). | | 
Struthers, J. Le Chatelier thermoelectric pyrometer. School 

of mines quarterly. 12: 143 and 13: 221 (0). 

Vogt, G. La porcelaine. 1893. 2 . 

Wheeler, H. A. Fusibility of clays, Eng. and min. jour. 1894. 

17: 224 (6). 

Vitrified paving brick. Indianapolis 1895. 

Clays of Missouri. Mo. geol. sur. 11: 1896. 

Young, J. J. The ceramic arts. New York 1878 (0). 

Zwick, O. Die Ziegel Industrie. Leipzig 1894. 
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DIRECTORY OF CLAY WORKERS IN NEW 

YORK STATE 

B.: Common brick H. B.: Hollow brick 

P. B.: Pressed brick R. T.: Roofing tile 

D. T.: Drain tile T.: Floor tile or glazed tile 

F. P.: Flower pots F. B.: Fire-brick 

Pa. B.: Paving brick O. B.: Ornamental brick 

T. C.: Terra cotta S. P.: Sewer pipe 

E. W.: Earthenware C.: China 

LOCATION OF WORKS NAME 

Town ' , County 

Albany | Albany George Dunn. B. 

A. Hunter & Son. B. 

J. H. Leonard. B. 

Moore & Babcock. B. 

Newton & Co. F. B. 

Jackson Bros. B., P. B,, 

0. BD's: 

A. Poutre. B. 

B. . Snithe> 

D. H. Stanwix. B. 

Stanwix & McCarty. B. 

Alfred Steuben Celadon terra cotta co. R. T., 

| ‘EG: 

Alfred clay co P. B., 

| R. T. 

Amenia Dutchess Wilson & Eaton. B.- 

Amsterdam Montgomery H.C. Grieme. B. 

Hart Bros. B. 

Angola Erie Jebyth \& Sons: 8. P., 

Bs bode 
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LOCATION OF WORKS 

Town County 

Arlington Dutchess 

Athens Greene 

Attica Erie 

Auburn Cayuga 

Baldwinsville Onondaga 

Berkshire Fulton 

Binghamton Broome — 

Blackrock Erie 

Border City Seneca 

Brighton Monroe 

Brooklyn Queens 

NAME 

Flagler & Allen. B., P. B. 

W. W. Rider. B. 

Attica brick & tile works. 

B. 

F. W. Harvey. B. 

N. Saunders. B. 

Riverside brick co. P. B. 

Mrs F. A. Mawhiney. B. 

A. Stoutner. B. 

Ogden brick co. B. : 

Buffalo sewer pipe co. S. P. 

Geneva brick works. B. 

Rochester brick & tile ¢o. 

B., El. 

German brick & tile co. 

B., aes 

A. Benkert. E. W. 

Brooklyn fire brick works. 

2. 

Brooklyn stove lining co. 

2.3. 

H. Bieg. E. W. 

Graham chemical  stone- 

ware works. S. W. 

Green Point fire brick 

works. F. B. 

J. Cooper. E. W. 

W. T. Dufek. E. W. 

Empire china works. OC. 

Charles Kurth. 

Green point porcelain 

works. C. 



Town 

Brooklyn 

Buffalo 

Canandaigua 

Canton 

Carthage 

Catskill 

Chittenango 

Coeymans 

Cohoes 
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LOCATION OF WORKS 

County 

Queens 

Erie 

Ontario 

St Lawrence 

Jefferson 

Greene 

Madison 

Albany 

Albany 

NAME 

New York vitrified tile co. 

a. 

Union porcelain works. C. 

Henry Bender. B. 

Charles Berrick’s Sons. B. 

‘H Betz & Bro. F.. P. 

Brush Bros. B. 

H. Dietschler & Son. B. 

F. W. Haake & Son. B. 

Hall & Sons. B. 

G. W. Schmidt. B. 

EK. A. Schusler. B. 

A. M. Hollis & Co. B., 

Dak. 

N. Y. hydraulic pressed 

brick ea ©) P. B:- 

L. O’Brien. B. 

C. Houghton. B., D. T. 

Wrape & Peck. B. 

Eastern paving brick co. 

P. B. 

Ferrier & Golden. B. 

J. Walsh. B. 

G. W. Washburn & Co. B. 

Central N. Y. drain tile & 

brick co. D. T. 

Chittenango pottery co. S. 

W. 

Corwin & Cullough. B. 

Hi: ‘Footit..- B: 

Sutton & Suderly. B. 

J. Murray. B. 
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LOCATION OF WORKS 

Town 

Coldspring 

Corning 

County 

Suffolk 

Steuben 

Cornwall on the Hudson 

Corona 

Coxsackie 

Coxsackie Station 

Crescent 

Croghan 

Croton on Hudson 

Crugers 

DeKalb 

Dewitt 

Dolgeville 

Dunkirk 

Dutchess Junction 

East Bethany 

East Kingston 

Queens 

Greene 

Greene 

Saratoga 

Lewis 

Westchester 

Jefferson 

Onondaga 

Herkimer 

Chautauqua 

Dutchess 

Genesee 

Ulster 

NEW YORK STATE MUSEUM 

NAME 

Dr O. Jones. B. 

Brick, terra cotta & supply 

co. P. B., Pal Bee 
©. B: 

C. A. & A. P. Hedges. B. 

Corona pottery co. E. W. 

J. Fitzgerald & Sons. B. 

Walsh Bros. & Co. B. 

J. Borden. B. 

A. J. Vickler. B. 

Croton brick co. B. 

W. A. Underhill brick co. 

yA: Gas 3 

Kitchawan brick co. B. 

John Morton. B. 

Mrs A. Fisher. B. 

B. J. Maguire. B. 

J. H. Manning. B. 

Nathan T. Frank. B. 

E. A. Tillspaugh. B. 

O..& L. Merrick. 7 : 

Gow & Guile. B. 

J:+ Hilton. ibe 

Aldridge Bros. & Co. mi 

G. H. Bontecou. B. | | 

W.WDy Budd: 

F. Timoney. B. : 
R. Peck.) Di Tae | 

Brigham Bros. B. ) 

Herrick & Miller. B. | 
D. S. Manchester. B. | 

D. C. Overbaugh. B. | 
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LOCATION OF WORKS 

Town 3 County 

East Kingston Ulster 

East Williston Queens 

Edwards St Lawrence 

Elmira Chemung 

Falconer Chautauqua 

Farmingdale Queens 

Fishers Island Suffolk 

Fishkill on the Hudson Dutchess 

Flatbush Ulster 

Fort Edward Saratoga 

Florida Orange 

NAME 

A. S. Staples. B. 

Streeter & Hendricks. B. 

U. F. & J. T. Washburn. 

B. 

Wik J... Post. . B. 

_W. Payne. B. 

Elmira sewer pipe & fire 

brick co. S. P., F. W. 

EK. W. Farrington. B. 

J. P. Weyer & Co. B. 

M. J. Mecusker & Son. B. 

Garden City brick co. P. 

B. 

Queens county brick mfg. 

(cs ae 5 

Fishers Island brick mfg. 
oo) 

C. C. Bourne. B. 

Brockway brick co. B. 

Dennings point brick co. 

B. 

William Lahey. B. 

J. Paye. B. 

Aldridge & Page. B. 

Thomas Dinan. B. 

O’Brien, McConnell & 

Vaughey. B. 

A. Rose & Co. B. 

Hilfinger Bros. E. W. 

A. Smith. B. 

M. H. Vernon. B. 

Fly Mountain. B. 
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LOCATION OF WORKS 

Town 

Fly Mountain 

Fort Salonga 

Geneva 

Glasco 

Glens Falls 

Glenville 

Goshen 

Gouverneur 

Grassy Point 

Greenfield 

Greenport 

Greenridge 

Haverstraw 

County 

Ulster 

Suffolk 

Seneca 

Ulster 

Saratoga 

Schenectady 

Orange 

St Lawrence 

Rockland 

Saratoga 

Suffolk 

Richmond 

Rockland 

MUSEUM 

NAME 

. Turner. B. 

. Longbotham. B. 

. Delamater. B. 

W. G. Dove. B. 

Ze hy 7 

Catherine Lent. B. 

‘W. Maginnis & Son. B. 

W. Porter. B. 

T. Porter, 3B. 

F. M. Vandusen & Co. B. 

Washburn Bros. & Co. B. 

Glens Falls brick co. B., 

PP. B. 

Glens Falls brick & terra 

cotta co. P.' Bi Tae 

S. A. Case. B. 

I. Van Lenven. B. 

Smith & Anthony. B. 

P. Brophy. B. ? 

E. T.. Carroll on 

Kelly & Byrnes. B. 

David Davidson. B. 

Long Island brick co. B. 

Kieran & Monghan. B. 

B. J. Allison & Co. B. 

Allison & Wood. B. 

Estate of M. A. Archer. 

bis 

S. W. Babcock. B. 

Barnes & Farley. B. 

William Bennett. B. 
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LOCATION OF WORKS 

Town 

Haverstraw 

Homer 

Hoosick Falls 

County 

Rockland 

Cortland 

Rensselaer 

NAME 

Byrnes & Palmer. B. 

A. Donnelly & Son. B. 

Excelsior brick co. B. 

Denton, Fowler & Son. B. 

D. Fowler jr & Co. B. 

-P. Goldrick. B. 

M. Gormley & Co. B. 

F-Grimes... 5B. 

Haverstraw clay & brick 

eat) B. 

Heitlinger & Co. B. 

Lynch Bros. B. 

McGowan & McGovern. B. 

Maguire & Lynch. B. 

Terance Maguire. B. 

T. O'Malley. B. 

©. A. Marks & Bro. B. 

Morrissey & Co. B. 

Nicholson & Reilly. B. 

TGs Peck ' & Goes? SE: 

TG. & Gem. Peck: 3B. 

EK. N. Renn & Co. B. 

Riley & Farley. B. 

Rowan & Scott. B. 

T. Shankey & Son. B. 

Snedeker Bros. B. 

U. F. Washburn & Co. B. 

Washburn & Fowler. B. 

G. S. Wood & Allison. B. 

Worrall & Byrnes. B. 

Horace Hall. B. 

John Dolin. B. 
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LOCATION OF WORKS 

Town 

Hornellsville 

Horseheads 

Hudson 

Ilion 

Ithaca 

Ar amestown 

J ewettville 

Johnstown 

Kingston 

Kreischerville 

Lancaster 

Lansingburg 

LaSalle 

Lestershire 

Little Valley 

Lockport 

Long Island City 

County 

Steuben 

Chemung 

Columbia 

Herkimer 

Tompkins 

Chautauqua 

Erie 

Fulton 

Ulster 

Richmond 

Erie 

Rensselaer 

Niagara 

Broome 

Suffolk 

Niagara 

Queens 

NEW YORK STATE MUSEUM 

. NAME 

Hornellsville brick, tile & 
terra cotta co. B. 

Preston brick co. Pa. B., 

B. 

| Horseheads brick co. B. 

Arkison Bros. B. 

Bartlett brick works. B. 

S. E. Coe. B. 

©. D. Johnson. B. 

Jamestown shale paving 

brick co. Pa. B. 

Mahoney & Son. B. 

Brush & Schmidt. P. B. 

Cayadutta brick co. B. 

R...Kalmer.. 3B. 

The Hutton Co. B. 

R. Main & Co. B. 

Charles A. Schultz. B. 

Schultz Bros. B. 

B. Kreischer & Sons Co. 

B; 

Buffalo star brick co. B. 

Lancaster brick co. B., D. 

A 

T. F. Morrissey. B. 

H. A. Tompkins. B. 

Wells & Brigham. B. 

J. R. Heber. B. 

A. Mossell. B. 

Joseph Newbrand pottery. 

E. W. 

N. Y. architectural terra 

cotta co. T.C., P. B. 
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LOCATION OF WORKS 

Town 

Low Point 

Lyons 

Madrid 

Malden 

Maplewood 

Mechanicville 

Middlefalls 
Middle Granville 

Middletown 

Montrose 

Newburgh 

Newfield 

| New Paltz 

- New York 

New Windsor 

County 

Dutchess 

Wayne 

St Lawrence 

~ Ulster 

Monroe 

Saratoga 

Washington 

Washington 

Orange 

Westchester 

Orange 

Tompkins 

Ulster 

- New York 

Orange 

NAME 

G. A. Dow. B. 

Meade Bros. B. 

F. Borck. B. | 

Lyons pottery. S. W. 

R. B. Watson. B. | 
Cooney & Farrell. B. 

Estate of Hiram Sibley. 

B. 

Mechanicsville brick co. B. 

Best brick co. B. 

Champlain brick co. B. 

M. W. Hart & Co. B. 

Pullman & Co. B. 

J.(H. Pepper. » Ee 

Smith & Co. B. 

Smith & Wood. B. 

Orrin Frost. B. 

Montrose point brick co. 

i. | 

B. Bee do Peeks. 

Henry Young. B. 

Mrs E. L. Chrystie. B. 

William Lahey. B. i 

Newfield brick works. Pa. 

B53 

A. M. Lowe. — B. 

Charles A. Bloomfield. F. 

B. 

Anton Boss. B. 

D. Robizek & Sons. C. 

David Carson. B. 

H. Davidson’s Sons. _ B. 

Estate of E. Lang. B. 



LOCATION 

Town 

Niskayuna 

Northport 

Oakfield 

Ogdensburg 

Olean 

Oneida 

Oneonta 

Oswego Falls 

Owasco 

Oyster Bay 

Oneida Valley 

Pamelia 

Peekskill 

Plattsburg 

Port Ewen 

Port Jefferson 

Raymondville 

_ Rensselaer 

Riceville 

Rochester 

NEW YORK STATE 

OF WORKS 

County 

Schenectady 

Suffolk 

Genesee 

St Lawrence 

Cattaraugus 

Madison 

Otsego 

Oswego 

Cayuga 

Queens 

Madison 

Jefferson 

Westchester 

Clinton 

Ulster 

Suffolk 

St Lawrence 

Rensselaer 

St Lawrence 

Monroe 

MUSEUM 

NAME 

Mohawk brick works. B. 

‘Rinaldo Sammis. B. 

G.*L.. Drake... Di 

R. Montgomery. B. 

ALMA. Paige: ae 

McMurray Bros. B. 

fo: atks ae 

Clapsaddle, Moore & Get- 

man. B. 

Oneonta brick co. B. 

W. D. Edgarton. B. 

A. B. Fletcher.  B. 

A. Lester. B.. 

Dunn, Dolan & Co. B. 

Clinton Stephens. B. 

Watertown pressed brick co. 

sh oe ar! 2 

5. D: Horton’ >a 

J. Ouimet. B. | 
Gilliland & Day. B. 

C. W. Vaughn. . B. 

Pe Khine”” B: 

Johanna Lillis. B. 

William Coats. B. 

J. J. Rigney. B. 

B. Thompson & Son.  B. 

Rochester sewer pipe works. 

a 

Flower city pottery. E. W. 

Standard sewer pipe co. 

EK. W. 



LOCATION 

Town 

Rome 

Romulus 

Rondout 

Roundlake 

_ Roseton 

_ Sag Harbor 

Salina 

Sangerfield 

Saratoga Springs 

Saugerties | 

Seneca Castle 

Seneca Falls 

Smiths Dock 

Southampton 

South Bay 

South hill 

Southold 

South Trenton 

Spencer 

South Plattsburg 

Stanley 

Stonypoint 

Stormking 

Stuyvesant 

OF WORKS 

County 

Oneida 

Seneca 

Ulster 

Saratoga 

Orange 

Suffolk 

Onondaga 

Oneida 

Saratoga 

Ulster 

Ontario 

Seneca 

Ulster 

Suffolk 

Madison 

Tompkins 

Suffolk 

Oneida 

Tioga 

Clinton 

Ontario 

Rockland 

Dutchess 

. Columbia 
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WW. Parry. B. 

J. M. Yerkes jr. B. 
T.. Frederick. B. 

Manchester & Streeter. B. 

Terry Bros. B. 

-G. Washburn. B. 

J. Davey. B. 

Jova brick works. B. 

Rose & Co. B. 

Sag Harbor brick co. B. 

G. W. Pack & Son. B. 

Preston Bros. B. 

P. B. Haven & Son. B. 

B. F. Bloomfield. B. 

Avis. Childs, EB. 

F. Siegfried. B. 

T. Brousseau. B. 

Southampton brick & tile 

G0, 

Clinton Stephens. B. 

S. Wilcox. B, 

C. L. Sanford. B. 

H. L. Garrett. B. 

Spencer brick co. B. 

J. McCarty. B. 

William Preston. B. 

T.-F.- Clarke... 5. 

Reilly & Clarke. B. 

Reilly & Rose. B. 

Mosher Bros. B. 

Edouard Brousseau. B. 
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LOCATION OF WORKS 

Town 

Syracuse 

Tarrytown 

Thiells 

Throopsville 

Tonawanda 

Troy 

Troy 

Union Springs 

Utica 

Verplanck 

County — 

Onondaga 

Westchester 

Rockland 

Cayuga 

Erie 

- Rensselaer 

Rensselaer 

Cayuga 

Oneida 

Westchester 

NAME 

J. Brophy. B. 

FE. H. Kennedy. B. 
N. Y. brick & paving co. 

Pas Bij: Be 

Onondaga pottery co. C. 

Pass & Seymour.  Insula- 

tors 

Syracuse pottery co. E. W. 

Syracuse pressed brick co. 

BeBe. 
Tarrytown porcelain tile 

works. TT. 

J. M. Felter. B. 

Fred Webber. B. 

J. M. Riesterer. B. 

A. Ferguson. B. 

Kelley & Morey. B. 

‘McLeod & Henry Oo. B. 

Ostrander fire brick co. F. 

B. 

©. iR. Painton,; Bj 

Roberts brick works. B. 

Olark & Sons. D. T. 

Callahan & Doyle. B. 

Central N. Y: potteny: 

EK. W. 

Utica brick mfg co. B. 

George F. Weaver's Sons. 

B. 

Bonner brick co. B. 

King & Lynch. B. 
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LOCATION OF WORKS . NAME 

Town | County 

Verplanck Westchester W.H. Macky. B. 

: | O’Brien & McConnell. B. 

Victor Ontario W. Peek. '. 5B. 

F. Lock.— Insulators F. Lock. 

Warner Onondaga Onondaga vitrified brick co. 

Pa BB. 

Waterloo _ Seneca E. W. Foster. B. 

| M. Whiteside. _B. 

Watertown Jefferson J. H. Gotham. B. 

Watervliet Albany Tupper & Retallick. B. 

_. West Bloomfield Ontario _ .G. N. Webb. B. 

West Fayette Seneca Willower & Pontius. B. 

~ Whitehall Washington Jeremiah Adams. B. 
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ERRATA 

Page 530, line 30, “grain ” should be “ gram”. 
“582, lines 19, 20 and 21, “ grain” should be “ gram”. 

“842, line 3, put “O” after Ke. — 

“878, line 39, 3d column, “Clinion” should read 

“ Clinton ”. 

Page 891, line 18, last column, “ dressed ” should be “ cteass 

% 905, line 17, “ TiQ.” should be “ TiO, 2” 

i. - oP 
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AND EX: 
The superior figures tell the exact place on the page in ninths: e. g. 543 

means page 543, beginning in ths third ninth of the page, i. e. about one third 
of the way down. 

Abbey, B. G., drain tile works, 771°. 
Abbott, M., tests of Haverstraw brick, 

6487. 
Abrasion tests of paving brick, 747° 

48", 752%—55*. 
Abrasive materials, 852°-53'. 
Absorption, of building brick, 854°; of 

clays, 515°, 528°-29°, 546°; of com- 
mon brick, 643°, 644; of floor tile, 
775°; of shales, 825%. 

Absorption test of paving brick, 746°- 
47°, 748°—49*. 

Acids, resistance to, 857”. 
Adobe soils, analysis, 8824-83°. 
Adsit, M., clay bank, 726+. 
Adulterants, food, 852°, 
Alabama, clays, 523°, 525°, 6114-12. 
Albany, terrace, 591°; brick yards, 

706*-7*; clay deposits, 706*-7*; sewer 
pipe manufacture, 770'; drain tile 
works, 771°. 

Albany county, brick yards and clay 
deposits, 704°-7°, 708'; underlying 
material, illus. facing p. 578; drain 
tile works, 771°. 

Albany slip, 806°—9'. 
Albion, brick yard, 722%. 
Aldridge & Sherman, brick yard, 697°. 
Aldridge Bros., brick yard, 696°-97?; 

clay bank, illus. facing p. 577. 
Aleksiejew, W., on plasticity, 5417. 
Alfred Center, brick yard, 726°; roofing 

tile manufacture, 765? 66; illus. 
facing p. 765; shale, 831+, 8377-38, 

Alfred clay co., 726°, 7662, 839". 
Alfred Station, Chemung shale, 838°- 

397. 
Alkaline compounds, 513°-15°. 

_Alkalis in clay, 512%-15°, 569%, 
861°. See also Analyses. 

Allegany county, Chemung shale, 8377" 
38°. 

Allen’s creek, Cashaqua shale, 834°. 
Allenshill, drain tile works, 771°. 
Allophane, 505°. 
Altitudes, table, 5897. 
Alumina, 5117, 568%, 

See also Analyses. 

680%, 

5697, 6407, 861°. 

Amber, 509°. 
Amenia, clay deposits, 572°. 
American magnesite, 785°. 
Ammonia, 512°, 513}. 
Amsterdam, brick yard, 714’; 

posits, 714’. 
Analyses, feldspar, 498°, 499?, 842; fire 

brick, 786'; fullers’ earth, 851; kao- 

clay de- 

lin, 610%, 862-65; porcelain, 794°, 
796°; 

clays: table, 860-90; methods of 
analysis, 530°-38"; mechanical analy- 
sis, 561?-63°, rational, 533°-38"; abode 
soils, 882-83; brick clays, 6387-39%, 
882-99; buff clay, 692°; fire clays, 
536*-37°, 789°-90°, 866-77; flint clays, 
6177; determining fusibility, 559*; 
paving brick clays, 900°-3°; pipe 
clays, 904*-7*; clays and shales used 
in manufacture of Portland cement, 
847; pottery clays, 878*-81*; residual 
clays, 860-61; slip clays, 807°, 880°— 
83°; stoneware clays, 792°, 818%, 819°— 
20°, 820°; terra cotta clays, 760‘, 
904"-5*; 

at Barrytown, 702°; Breesport, 
Brockway brick co., Fishkill, 
Buffalo, 723°; Canandaigua, 

719*; Catskill, 7027; Coeymans Land- 
ing, 705’; Dillsboro (N. C.), 540°; 
Drowned lands, 732°-337; East Wil- 
liston, 7337; Edgar (Fla.), 540°; Far- 
mingdale, 739°; Fishers island, 7387; 
Hornellsville, 726+; Newfield, 728°; 
Ogdensburg, 7127; Plattsburg, 710°; 
Rathenow, 5707; Rochester, 720°; 
Rondout, 699°; Southold, 7371; Ver- 
planck, 6923; Warner, 7167; Water- 

Vira 
6888; 

town, 7/115; West Deerpark, 7428; 
West Neck, 735’; 

shale: 716', 769°, 847, 899*-901‘; 
Chemung, 838", 839°, 840°; Hamilton, 
833’; Medina, 8277; Niagara, 828’; 
Portage, 835°; Salina, 830%. 

Anchor brick co., 689°—90°. 
Angola, sewer pipe works, 769°; illus. 

facing p. 767-69, 774; shale, 831‘; 
Portage shale, 835°-36°. 

Annandale, well record, 608°. 

927 
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Arch brick, 645‘, 6777. 
Archaean rocks, 5877. 
Arches, arrangement, 674°; number of 

bricks in, 674°; number of courses, 
674°; labor required to tend, 677°. 

Arkansas, clay deposits, 612%. 
Arkison Bros., brick yard, 703°. 
Arlington, brick yard, 7017-27; 

deposits, 701"—2?. 
Armstrong, W., brick yard, 714°. 
Arrochar, clay deposits, 607’. 
Arthur’s Kill, 609'. 
Athens, terraces, 590°, 591°; brick 

yards, 704*; clay deposits, 704‘. 
Auburn, brick yard, 718°. 
Auger machine, 663*, 745°; 

ing p. 773. 
_ Aurora, depth of clay, 574°. 

clay 

illus. fae- 

Babcock, J., brick yard, 706’. 
Baeby, J., brick yard, 708°. 
Baker, I. O., erushing tests, 751%-525. 
Baldwin, Mrs, brick yard, 718”. 
Baldwinsville, brick yards, 717°-18?; 

clay deposits, 717°-18?. 
Ball clay, 614’, 793°. 
Ball mills, 657°—58*. 
Ballou, M., brick yard, 715°. 
Baltimore, clays near, 511°. 
Barium, 683°. 
Barnard college, illus. facing p. 763. 
Barrytown, clay deposits, 7027. 
‘Bartlett, W. E., brick yard, 703°. 
Basin-shaped deposits, 573%, 584°. 
Bat, 805’. 
Bath brick, 852°-53". | 
Beauport, terraces, 594°. 
Bedford, feldspar, 842°; quarries, 8437. 
Belgian white earthenware, composi- 

tion, 796°. 
Belgium, glass-pot clays, 787°. 
Belleek ware, 798". 
Benches, working in, 631°32?. 
Bender, M. H., brick yard, 706°. 
Benkert, A., stoneware works, 823%. 
Bennett, C., brick yard, 718". 
Bennett, Rowan & Scott, brick yards, 

694°. 
Berrick, Charles & Sons, brick yard, 
2a" 

Berthier, P., experiments, 5178-18°. 
Beryllium oxid in clays, 511°. 
Bibliography of clay literature, 908- 

12 
Bigflats, brick yard, 726%-271. 
Binghamton, brick yards, 731°. 
Bischof, C.. experiments on action of 

silica, 526°; on testing plasticity, 
543°: formula for relative fusibility 
of clays, 552™; method of determin- 
ing temperature, 558?. 

Biscuit burn, 814°. 

NEW YORK STATE MUSEUM 

Biscuit ware, 796°, 816°; illus. facing 
p- 806. 

Bishop, I. P., test of Hamilton shale, 
- 8337-345. 

Blasting, 632°. 
Blistering of ferruginous clays, 5178, 
Blue clay, characteristics, 577°. 
Bohemia, glass-pot clays, 787°. 
Bolton, William, brick yard, 724°. 
Bone china, 794%. 
Bonner & Cole, brick yard, 6937. 
Bonner brick co., 693%. 
Borck, F., brick yard, 718°. 
Bostwick, W. H., brick, yard, 728°. 
Boulders, 577°, 5827, 584%, 584%, 586°, 

5887, 5924, 595. 
Boyd dry clay presses, 665°; illus. fac- 

ing p. 665. 
Brazilian clays, 511°. 
Breesport, brick yards, 727°-287; clay 

deposits, 576°, 727°-28?. 
Brennan, J., brick yard, 694’. 
Brick, time of burning, 676°; time of 

cooling, 6767; 
685°—-86° ; 

cost of production, 
cracks in, 6511, 676°; crush- 

ing strength, 643°, 647°-50*, 6957; 
drying, 668°-72°; efflorescence on, 
679°-854; ground, used to prevent 
shrinkage, 548'; methods of manu- 
facturing, 653°-56'; repressing, 668%, 
745*; sorting, 679°; weight, 528°. See 
also Building brick; Common brick; 
Cost; Enameled brick; Fire brick; 
Glazed brick; Hollow brick; Orna- 
mental brick; Paving brick; Pressed 
brick; Testing; Vitrified brick. 

Brick clays, alkalis in, 515°, 569*; 
alumina in, 569; analyses, 6387-398, 
882-99; burning, 639°-428, 672*-79%; 
illus. facing p. 674-79; characteris- 
tics, 636*-39°; color, 639°-42"; fer- 
ric oxid in, 5207, 520%, 569"; lime in, 
523", 5691, 6367, 6407, 641*; magnesia 
in, 524°, 5691, 6407; silica in, 525°; 
tensile strength, 545°; ' 

in Alabama, 611°-12'; Arkansas, 
612°: Colorado, 6134; Delaware, 614°; 
Florida, 614°, 615'; Georgia, 615°; 
Kentucky, 6174; Louisiana, 6187; 
Michigan, 6204; Mississippi, 620°; 
Missouri, 622°; Nebraska, 6237; 
North Carolina, 624°; Ohio, 625%; 
Pennsylvania, 625°; South Dakota, 
6267; Texas, 626°; Virginia, 627°; 
Wyoming, 627°. 

Brick yards, three kinds, 669%—70*; 
ownership, 685°; detailed account, 
686°—7 433. 

Brickbuilder, extracts from, 680°. 
Brickmaking industry, 643'-757°. 
Brigham Bros., brick yard, 699°, 700*. 
Brighton, clay deposits, 575°. 
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Briquet method of testing plasticity, | Cartersville, Salina shale, 829°. 
542°, 544°. , 

Brockway brick co., 688°, 697°; illus. 
facing p. 697. 

Brookfield brick co., 731°. 
Brooklyn, pottery works, 823°; illus. 

facing p. 793-94, 799, 800-1, 808, 
816, 824. 

Broome county, brick yards, 731°. 
Brophy, J., brick yard, 715". 
Brousseau, Theodore, brick yard, 700°. 
Brush & Schmidt, brick works, 650’, 

724’; illus. facing p. 662, 664, 665, 
672, 724. 

Brush Bros., brick yard, 723°. 
Buckley & Carroll, brick yards, 694?. 
Buff brick, manufacture, in Massachu- 

setts, 620?. 
Buff clay deposits, analysis, 692°. 
Buffalo, clays, 523°, 574°, 723*-24?; 

brick yards, 7234-24’. 
Buffalo star brick co., 722°-231. 
Buhrstone mill, illus. facing p. 793. 
Building brick, clays for, 6367; tests, 

648°-50*; side-cut, 6645; manufac- 
tured in New York state, 6505-53’; 
properties, 854°-57*. 

Building stone, resistance to fire, 759°; 
illus. facing p. 759. 

Burlington, clay deposits, 5957. 
Burned clay, 549%50?. 
Burning, brick clays, 6667, 639°—428, 

672*-79*; illus. facing p. 674-79; 
china, 811*-14°; cost, 676°; drain 
tile, 770°; fire brick, 7857; illus. fac- 
ing p. 784, 786; modern methods, 
495°; paving brick, 745°; illus. facing 
p. 745; sewer pipe, 768°; stoneware, 
8097; sulfates arising during, 681°; 
terra cotta, 7625; time of, 676°; white 
earthenware, 811*-14°. 

C. C. ware, 793°. 
Cable haulage, 6337, 6867. 
Cairo, shale, 8314, 8325-345, 8417. 
Caleareous clays, 7311; for common 

brick, 636°; burning, 6427. See also 
Lime in clay. 

Calciferous sandrock, 5827, 584°. 
Calcite, 506°-7*.. See also Lime. 
Callanans Corners, terrace, 591?. 
Campbell, F. C., brick yard, 728*-29°. 
Campbell brick co., Newfield, 6507. 

- Canandaigua, brick clays, 636°; brick 
yards, 650°, 719'-20?; use of hy- 
draulic dry press machine at, 665°; 
clay deposits, 719'-20?. 

Canastota, brick yard, 715°. 
Capital pottery, Brooklyn, 823°. 
Carpenter Bros., stoneware clay bed, 

8187—19°. 
Cars, haulage with, 633°. 

.| Chautauqua 

Carthage, brick yards, 710°-11’; clay 
deposits, 710°—11?. 

Carts, haulage with, 632°-33°. 
Cashaqua creek, clay deposits, 575; 

shale, 834". 
Casting of pottery clay, 806’. 
Catskill, brick yards, 702°-3°; illus. 

facing p. 659; paving brick manu- 
facture, 756°; illus. facing p. 679; 
terrace, 578°, 591?; 

clays: 577*, 702°-3°; characteris- 
tics, 578"; stratification, 578*. 

Catskill creek delta, 577°. 
Catskill mountains, terrace, 590°. 
Catskill shale paving brick co., 832°. 
Cattaraugus county, brick yards, 725°. 
Cayuga county, brick yards, 718‘; 

drain tile works, 7725. 
Cedar Pond brook, delta deposits, 

583°, 588°. 
Celadon terra cotta co., 7657-66', 838", 

838°; illus. facing p. 765. 
Cement, clays used in manufacture of, 

699°, 7167; manufacture in Michi- 
gan, 620% See also Portland ce- 
ment. 

Center Island, brick yards, 734°; clay 
deposits, 597°, 602*, 606*. 

Central New York drain tile and brick 
comm ls 

Central New York pottery, 824°. 
Ceramics, see Pottery. 
Cerium oxid, 511%. 
Chamotte, used to prevent shrinkage, 

549°50?. 
Champlain valley, clays, 594°-95°; ter- 

races, 594°; illus. facing. p. 592; 
stratification, 595°. 

Chaser mill, 803°. 
county clay deposits, 

576'; brick yards, 724’"-25°; Chemung 
shale, 8377. 

Chemical pottery works, 823%. 
Chemical properties of clay, 510’-38". 

See also Analyses. 
Chemung county, brick yards, 726% 

28%. 
Chemung shale, 725’, 765°, 826°, 8317, 

836-41’; analyses, 838', 839°, 840°; 
physical tests, 831?. 

Chicago, clays, 523°. 
China, value of output, 494°; iron- 

stone, 793°; burning, 811*-14°; dec- 
oration, 815*-17*; manufacturers, 
913°-254. See also Porcelain. 

China clays, in Alabama, 612'; in Mis- 
souri, 621°. 

Chittenango, drain tile works, 771°. 
Chittenango pottery co., 824... 
Chlorite in clay, 524’. 
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Chromium, 511°, 567°. 
Chromium oxid, 777°. 
Chromolithographie decoration, 816°- 

17% 
Cimolite, 505’. 
Cistern brick, 645°. 
Clamp, 674’. 
Clarkson, brick yard, 722’. 
Classification of clays, 564*-71°. 
Clay, absorption, 515°, 528°—29°, 546°; 

methods of analyzing, 530*-38'; 
burned, 549%-50?; chemical effects of 
heating, 561° 63°; chemical proper- 
ties, 5107-38"; élagsification: 564*— 
71°; clay substance, 497%, 510°; color, 
515’, 515%, 517%, 519%, 521", 5277-287, 
565*-71", 574°. 577", 610°; crumpling, 
593°, 597°, 603", 606°; definition, 496%, 
497°; formation, 500°; fusibility, 
512*, 550°-61’, 562°; impurities, 508°, 
51 1°-28*; adaptable to different 
molding methods, 6677-687; miner- 
alogy, 503-9°; origin and nature, 
496*-502'; physical properties, 510’, 
538-61’; plasticity, 496°, 504%, 528°, 
530’, 539*-44", 637°, 845°; porosity, 
522°, 672°; preparation of, 6557-60'; 
properties, 510*-63°; pure, 5008, 505°, 
510*, 511‘, 511°; purification, 633° 
35°; refractoriness, 511°, 5267, 5637; 
shrinkage, 522°, 529°, 530°, 5457-508, 
636°*-37*, 637%, 6397, 672°; method of 
counteracting shrinkage, 547°-50'; 
tensile strength, 541°, 5448-45°, 637°; 

uses, 5648—65°, 636-428, 845*-53°. See 
also Analyses; Brick clays; China 

. Clays; Fire clays; Flint clays; Glass- 
pot clays; Kaolin; Paving brick 
clays; Pottery clays; Residual clays; 
Sedimentary clays; Slip clays; Stone- 
ware clays. 

Clay banks, ownership, 685°—86?. 
Clay conveyor, illus. facing p. 660, 761. 
Clay deposits, geologic distribution, 

5727-627"; unstratified material 

found with, 592°; illus. facing p. 
592; structure, 628'-29?; sections of, 
table, 858-59. 

Clay dogs, 507’. 
Clay industry, statistics, 493°-94'; 

growth, 494'; adoption of modern 
methods of molding and burning, 
495°; conduct of business, 685°-867. 

Clay wares, testing, 854-57. 
Clay workers, directory, 913*-25*. 
Clay working, 628*—35°. 
Cleansing clay, 633°-35°%. 
Clifton, clay deposits, 607°. 
Clinton county, brick yards, 709°-10*. 
Clinton shale, 8287. 
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| Coal, used in burning calcareous claya, 
642°. 

Coal dust in brick, 6757, 676°. 
Coats, William, brick yard, 712°. 
Cobalt oxid, 567°, 777°. 
Cobbles, 582%, 583*, 583°, 

592°. 
Coe, 8. E., brick yard, 714". 
Coeymans Landing, terrace, 591*; 

586', 5872, 

bake 
yards, 704°-6°; clay deposits, 588, 
704°-6. 

Cohoes, brick yards, 708*; clay de- 
posits, 708". 

Coke, used to prevent shrinkage, 548*, 
550°. 

Coke oven brick, 785°. 
Coldspring, delta deposits, 588°; 

yard, 695°. 
Coldspring Harbor, stratification, 597*— 

brick 

98°; clay deposits, 734°; illus. facing 
p- 735. 

Collins, J. H., on. kaolinization of 
feldspars, 498°. 

Collyrite in clay, 505°. 
Color, of clay; 515°, 515°, ahi eee 

521", 5277-287, 565-717, 514%, BIT’, 
610°; of brick clay, 639°-427; of 
decorative tile, 777°; of fire clay, 
7824; of paving brick, 7447; of 
pressed brick, 6467. 

Colorado, clay ‘deposits, 5728, 6127-14". 
Columbia county, brick yards, 703°—4? ; 

shale, 826°. 
Common brick, absorption, 643°, 644; 

burning, 672°, 673', 673°; crushing 
strength, 643°; different grades, 
645°-477; table of dimensions, 6437; 
requisites, 6437; standard size, 643°; 
tests, 648°; value of output, 493°, 
494%; 

manufacture: 645’, 650°; clay used, 
521°, 6364; in Colorado, 613"; con- 
tinuous kilns used, 679*; manufac- 
turers in New York: state, 9137-254; 
shale used, 495’, 6868. See also Brick 
clays. 

Concretions, sand, 585°; clay, 593° 
94°, 602%, 604°. 

Cones, Seger, 553°-58?. 
Conewango, clay deposits, 576*. 
Connecticut, clay deposits, 572°, 6147. 
Continuous kilns, 495*, 6787-794, 814°; 

illus. facing p. 679. 
Cook, G. H., on quartz in clay, 525%; 

on plasticity of clays, 539°. 
Cooney & Farrell, brick yard, 700%. | 
Copenhagen biscuit ware, composition, 

796°. 
Copper oxid, 777°. 
Cornell university, New York state 

veterinary college, illus. facing p. 
719. 
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Corning, shales, 831*, 839°-40°. 
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Crushing rol's, illus. facing p. 660. 
Corning brick and terra cotta co.,! Crushing strength, of brick, 643°, 647° 

650’, 755°-56", 763°, 764°; illus. fac- 
ing p. 764, 839. ; 

Cornwall (Eng.), kaolin mines, 498’, 
499°, 5007. 

Cornwall (N. Y.), terraces, 582°-83', 
590°; delta deposits, 588°, 5894. 

Cornwall-on-the-Hudson, clay deposits, 
577*; brick yards, 6967. 

Cortland county, brick yards, 731*. 
Corwin & Cullough, brick yard, 705° 

6°. 
Cost, of burning, 676°; double-coal 

bricks, 675°; dredging clay, 690°; 
enameled bricks, 651%; flue driers, 
671°; ornamental brick, 646°; produc- 
tion of brick, 685°—86°; working clay, 
631°. 

Covered yards, 669%, 670°. 
Coxsackie, terrace, 591°; clay concre- 

tions, 593°-94'; brick yard, 704°; clay 
_ deposits, 704’. 
Coykendall, 8. D., brick yard, 699. 
Cracks in bricks, 6511, 676°. 
Cramer, E., cones, 554°; mixture in 

glass-pot clay, 787°. 
Crandall & Marble, brick yard, 7317. 
Crazes, 7977; cause of, 651’; tendency 

to, 653’. 
Cremiatschenski, P. A., on plasticity, 

541?. 
Crescent, brick yard, 708°; clay de- 

posits, 708°. 
Cretaceous clay deposits, 572°, 5964, 

602°, 605°, 606%, 608°, 609°, 610°, 788; 
illus. facing p. 608, 781, 819-20. 

Cretaceous plant impressions, illus. 
facing p. 611. 

Cripple creek mines, production of. 
kaolinite, 500°. 

Cross-breaking tests of paving brick, 
749°—507. 

Crossman Bros., brick yard, 735%. 
Croton, clay deposits, 577‘; delta de- 

posits, 585*, 5894; illus. facing p. 589. 
Croton brick co., 690°91%. 
Croton landing, clay deposits, 5857, 

689°; terrace, 591°; use of steam 
shovel, 632°; brick yards, 689°. 

Croton point, clay deposits, 585‘, 691‘; 
clay concretions, 5947; dredging, 
632°; brick yards, 691+. 

Croton river, delta deposits, 588°; ter- 
races, 591‘. 

Crucibles, 613°. 
Crugers, clay deposits, 

yards, 6917-927. 
Crumpled layers, 593°, 597°, 603", 606°. 
Crushers, 6567; illus. facing p. 653, 656, 

759, 765. 

585°; brick 

50*, 695°; of paving brick, 750?, 7517 
52°; of clay wares, 855‘. 

Cupola brick, manufacture, 788°. 
Cuylerville, depth of clay, 574’. 

Dana, J. D., on origin of Long Island 
sound, 607’. 

Daub, use of, 674°. 
Daubrée, A., on kaolin, 499°. 
Davenport, W., brick yard, 713°. 
Davidson, D., brick yard, 709°. 
Decoration, of tile, 777*-80°; of pottery, 

814"-17*; illus. facing p. 805, 808. 
Deerfield, brick yard, 715°; clay de- 

posits, 715°. 
Delaney & Lavender, brick yard, 705*- 

6°. 
Delaware, clay deposits, 614+. 
Delft ware, 797%. 
Delta deposits, 5768, 5774, 5817, 582°, 

583°, 588°-89°, 5921, 
Demond, C.D., use of Bishof’s method, 

5584, 
Dennings Point, clay deposits, 586°. 
Denton, J., & Son, brick yard, 731". 
Deposits, see Clay deposits; Delta 

deposits. 
Derbyshire brick co., 703°. 
Devonian shale, 8257. 
Diamond brick co., 694°. 
Diatoms, 594%, 595°, 597%, 5977, 598°, 

603°, 609°; illus. facing p. 600-1. 
Dietschler, H., & Son, brick yard, 723°. 
Dillsboro (N.C.), clay analysis, 539% 

40". 
Dinan & Butler, brick yard, 697’. 
Dinas brick, 784°. 
Diorite, 584". 
Directory of clay workers, 9131-254. 
Disintegrators, 6567—57*. 
Dolan, John, clay bank, 709°. 
Dolgeville, brick yard, 7137. 
Dolomite, 5087, 5207, 524¢*. 
Donnelly & Son, brick yard, 6937. 
Double-coal brick, 675°. 
Dove, W. G., brick yard, 7187. 
Down-draft kiln, 673°, 6741, 677°78°, 

745°, 814°; illus. facing p. 677-78, 
745, 768, 784. 

Drain tile, value of output, 4937, 494°; 
characteristics of clay for, 770’; 
four kinds, 770*—71*; size, 771°; 

- manufacture: 770?+72’; illus. facing 
p- 768; in Missouri, 622*; manufac- 
turers in New York state, 7715—72°, 
913-25; in Texas, 626”. 

Drainage, of clay bank, 630°; of brick 
yards, 669°. 

Dredging clay, 632°, 6907. 
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Drowned lands, clay deposits, 732’, 
733°. 

Dry clay process, 664°—66? ; 
ing p. 664-66; cost, 686°. 

Dry pan crushers, illus. facing p. 653, 
656, 759, 765. 

Dry press machines, 495°, 664°; 
facing p. 666, 816. 

Dry pressed brick, see Pressed brick. 
Drying, bricks, 655°, 668°-72°; drain 

tile, 770*; pottery clay, 806%. 
Dufek, W. T., stoneware works, 823°. 
Dummler, C., on weight of sand, 549*; 

table of analyses, 566’. 
Dunkirk, brick yard, 7247-25’; clay 

deposits, 574°, 7247-257. 
Dunn, Dolan & Ga brick yard, 734°. 
Dutchess county, ‘brick yards, 696°, 

696°—98?, 7017—2'. 
Dutchess Junction, clay deposits, 577%, 

5867, 696°-97?; illus. facing p. 577; 
terrace, 5867; illus. facing p. 592; 
delta deposits, 5887; brick yards, 
696°-97?. 

illus. fae- 

illus. 

Earthenware, description, 791‘, clay 
used in manufacture, 521°; manu- 
facturers, 823°-24°, 913°-25*; value 
of output, 494°. See also White 
earthenware. 

East Bethany, clay deposits, 771°-72'; 
drain tile works, 771°-72%. 

East Kingston, brick yards, 699%-700°, 
illus. facing p. 700; clay deposits, 
699°—700°. 

East Williston, brick yards, 733°-34’; 
clay deposits, 605*, 733°-34?. 

Eastern hydraulic pressed brick co., 
650°. 

Eastern paving brick co., 7567; 
facing p. 679. 

Eddyville, stratification, 579°-807. 
Edgar (Fla.), clay analysis, 539%-40". 
Edgarton, W. D., brick yard, 718°. 
Efflorescence on bricks, 679°-85*. 
Eggshell ware, 798*. 
Eighteen Mile creek, Cashaqua shale, 

8348. 
Electric supplies, 798°; manufacturers, 

8241, 824°; illus. facing p. 809, 814-17. 
Elko mining and milling co., 848%. 
Elm Point, clay deposits, 596°; terra 

cotta clays, 761?; stoneware clays, 
817°-18°, 820°. 

Elmira, brick yard, 727%; 
its, 5765. 

Emmons, Ebenezer, on boulders, 5957. 
Empire brick works, Horseheads, illus. 

facing p. 840. 
Empire china works, 823°. 
Empire state brick co., 7275, 7287. 
Enameled brick, manufacture, 650'—-52°. 

illus. 

clay depos- 
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Encaustic tile, 774°; manufacture, 514°, 
775°-76°; painting, 778*. 

Endaly kilns, 674*. 
England, glass-pot clays, 787°; kaolins, 

793°. ; 
English ball clays, plasticity, 5427. 
Epsom salts, see Magnesium sulfate. 
Erie county, brick yards, 722°-24'; 

shale, 829°. ; 
Eskars, 575%. See also Kames. 
Estuary deposits, 576°, 5927. ’ 
Eureka pressed brick co., 714%. 
European clays, per cent of quartz in, 

525°; glass pot clays, 787%. 
Evans, brick yard, 724°. 
Excelsior brick co., 693’, 6944. 
Expansion tests of fire brick, 785°. 
Experiments on glazes, 653}. 
Exploring for clay, 629°-30?. 
Eye brick, 6777. 

Fairport, Salina shale, 829°. 
Farmingdale, brick works, 738’—42°; il- 

lus. facing p. 665, 678, 740; clay de- 
posits, 604°, 738’-42°; illus. facing p. 
604. 

Feldspar, 497°, 506’, 514%, 5787, 652°, 
705", 841°-44?; analyses, 498*, 4997, 
8427; effect on color of clays, 515’, 
565°, 6354; aid to fusion, 512%, 563°; 
kaolinization, 498°-501'; lime in, 
5207; mineralogic characters, 841% 
42°; occurrence, 793°, 842°-43*; prep- 
aration, 843°; illus. facing p. 793; 
price, 843° 442, properties, 534°; 
source of potash and soda, 513‘; 
source of alkaline compounds, 514°; 
uses, 5475, 843*; varieties, 497°. 

Felter & Mather, brick yard, 695°. 
Ferguson, Alexander, brick yard, 707°. 
Ferric carbonate, see Siderite. 
Ferric oxid, see Iron oxid. 
Ferrier & Golden, brick yard, 7037; 

ring pit; illus. facing p. 659. 
Ferruginous sandstone, 605°. 
Ferruginous shale, 646°. 
Fickes, E. S., tests of common brick, 

648°. 
Filling paper, 852°. 
Finnegan T., brick yard, 705°-6°. 
Finnimore, D. W., brick yard, 711?. 
Fire brick, 783+ 842; analyses, 786*; 

use as chamotte, 550°; expansion 
tests, 785°; specific gravity, 786°; 
value of output, 493", 494; 

manufacture: 7844864; illus. facing 
p. 783-86; in Colorado, 613°; in Kan- 
sas, 6177; in Tennessee, 626°; manu- 
facturers in New York, 913° 258, 

Fire clays, 568°, 781'-90°; illus. facing 
Di. POLS alkalis in, 515; analyses, 
536'-37°, 789°-90°, 866-77 ; ferric 

— ~~ =. 
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oxid in, 5207; fluxes, 512’; 
_ §237; magnesia in, 524%; silica in, 

525°; used for paving brick, 7437; 
in Alabama, 612*; Colorado, 613°; 

Delaware, 614*; Indiana, 615°; Kan- 
sas, 6177; Kentucky, 617*; Maryland, 
6198; Missouri, 621°; New Jersey, 
6237; New York, 788*-90°; North 
Carolina, 623°, 624°; Ohio, 536+-37°, 
625'; Pennsylvania, 625°; South Da- 
kota, 626°; Texas, 627°. 

Fire gases, effect on color, 641*, 641° 
428, 

Fire sand in New Jersey, 623’. 
Fireproofing, bricks used for, 773°; 

forms, illus. facing p. 773; value of 
output, 493°, 494°. 

Fires, time of crossing, 675”. 
Fishers island, clay: deposits, 597°, 

603°, 606’, 737" —38°; crumpled layers, 
6067; brick yards, 737™-38°. 

Fishers Island brick manufacturing 
eo., (3/°—38". 

Fishkill, ‘clay deposits, 577*, 6973-987; 
illus. facing p. 697; terrace, 586°, 
590°; illus. facing p. 586; brick yard, 

_ 688°, 6973-987. 
Fishkill: creek, delta deposits, 588%. 
Fitzgerald, J., sons, brick yard, 703°. 
Flagler & Allen, brick yard, 701’. 
Flange tile, 770°. 
Flashed brick, 6467; illus. 

464. 
Flint, 506°; used to vege shrinkage, 

549%, 
Flint clay, 781°; 

In Kentucky, 617°; Maryland, 619°; 
Missouri, 621°; Ohio, 624°. 

Floor driers, 671°-72°; illus. facing p. 

facing p. 

672. 
Floor tile, 774'-76?; manufacturers, 

9137-25%. 
Mlorida, clay deposits, 614°-15, 7321; 

brick yard, 732'; ball clays, 793°. 
Flower city pottery, 824°. 
Flower pots, manufacture, in Missouri, 

622*; New York manufacturers, 
9139-254. 

Fluxes in clays, 511°-12°; purification, 
6355. 

Fonda, brick yard, 713°. 
Food adulterants, 852°. | 
Fort Edward, pottery works, 824°. 
Fossils, 587°, 595°, 600-1, 6027, 602°, 

603°, 604°, 6057, 609°, 610°. 
France, glass-pot clays, 787°. 
Free silica, 525°. 
Freshpond, clay deposits, 597°, 603°, 

606', 735*-36*; crumpled layers, 6067; 
brick yards, 7354-36; stratification, 
735°. 

Frit, 810°. 
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lime in, | Front brick, 639°; repressed, 6684; clays 
for, 639°; manufacture, 771°. 

Fuel, cost, 676°, 686°. 
Fullers’ earth, 8487-51; analysis, 851; 

properties and uses, 848°—49°; 
in Florida, 614°, 615‘; New York, 
849°-50?; South Dakota, 626°. 

Fulton county, brick yards, 714+. 
Fusibility of clay, 5124, 550°-61?, 562°; 

fire clays, 783'; slip clay, 808‘; feld- 
spar, 84l'. 

Fusion, temperature of, 5064, 552°, 562°. 

Ganister, 784°. 
Gardeau shales, 834°-35?. 
Garden City brick co., 7407-41}; 

facing p. 604, 665, 678, 740. 
Gardiner’s island, clay deposits, 603°, 

605°; crumpled layers, 606’. 
Gardonas, N., brick yard, 708°. 
Garnet, 516°, 520%, 5787, 7057; 

of alkaline compounds, 514°. 
Garrett, H. L., brick yard, 713%. 
Gas retorts, manufacture, 788°. 
Gay, Robert, brick yard, 722%. 
Geddes, paving brick manufacture, 

756°—57°. 
Genesee county, drain tile works, 771° 

724; shale, 829°. 
Genesee river, clay deposits, 573°; 

dina shale, 826°-27'; Cashaqua shale, 
834°; Chemung ‘shale, 8368-37}. 

Geneva, brick yards, 718°. 

illus. 

source 

Me- 

Geologic distribution of clays, 572- 
627. 

Georgia, clay deposits, 615°; kaolins, 
7938, 

Gerlach, O., on efflorescence, 680°81}, 
682°-83*. 

German brick and tile co., 720°. 
Germany, glass-pot clays, 787°. 
Gilette, Mrs C. S., brick yard, 718+. 
Gilliland & Day, brick yard, 7107. 
Glacial action, at Long Island, 606°; 

at Staten Island, 607". 
Glacial deposits, 575°, 576°, 5847, 591°, 

604", 609°, 6204. 
Glacial scratches, 577°, 579°, 5824, 584? 

5887. 
Glaciated boulder, illus. facing p. 582. 
Glasco, terrace, 579*; brick yards, 

700°-17; clay deposits, 700°-17. 
Glass-pot clay, 618°, 786°-87°. 
Glass pots, manufacture, 544°. 
Glazed brick, 650°, 6524. 
Glazed tile, 717 betes 
Glazes, caliaieeos clays used in manu- 

facture, 521°; use of Hudson valley 
clays for, 689°; pottery, 796°-97". 

Glazing, brick, 652! ; terra cotta, 762*; 
sewer pipe, 767°; stoneware, 806°-9?; 
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white earthenware and porcelain, | Hammond, William, brick yard, 735*; 
8097-11, 813°-14". 

Glencove, clay deposits, 596°, 605°; 
crumpled layers, 606’; stoneware 
clays, 817°, 818"—-20°, 820°. 

Glens Falls, tests of brick, 6477. 
Glens Falls brick and terra cotta co., 

650°, 760°-61', 763°, 764°. 
Glost kiln, 814°; illus. facing p. 807. 
Gloversville, brick yard, 714*. 
Gneiss, 582°, 583*, 584°, 584°, 585°, 586", 

586%. 
Gold work, 8167. 
Goldrick, Philip, brick yard, 694’. 
Goodwin & Delamater, brick yard, 

ris" 
Goshen, brick yard, 731°. 
Gouverneur, brick yards, 710°; clay 

deposits, 710°; stratification, 710°. 
Graham chemical stoneware works, 

823*; illus. facing p. 800-1, 824. 
Granite, 583*, 584°, 584°, 5857, 586+. 
Graniteware, 793°. 
Graphite, used to prevent shrinkage, 

5481, 550°. 
Grassy Point, clay deposits, 583°. 
Gravity planes, 633°. 
Greatneck, clay deposits, 596°, 605%; 

stoneware clays, 817°. 
Grecian magnesite, 785*. 
Green Point porcelain works, 823°. 
Greenbush, see Rensselaer. 
Greene county, brick yards, 702°-3°, 

7047; shale, 832°-34°. 
Greenport, clay deposits, 604’, 736%; 

brick yard, 736%. 
Greenridge, clay deposits, 6077, 6097, 

609°; brick yard, 742°. 
Griggs, C. G. & Co., brick yard, 698". 
Grimes, H. C., brick yard, 714". 
Grogs, used to prevent shrinkage, 548'; 

purification, 635%. 
Gumbo clay, in Missouri, 622’. 
Gypsum in clay, 507°, 520", 522°-234. 

Haake, F., brick yard, 723°. 
Hacking, 669". 
Half Moon, brick yard, 708°. 
Hall, Horace, brick yard, 731‘. 
Hall, James, on Chemung shale, 836° 

37°; on clay deposits in N. Y., 574°; 
on Gardeau shales, 834°-35?; on di- 
visions of Hamilton shale, 832?; on 
impressions in clay, 594°; on Niag- 
ara shale, 828°; on Salina shale, 
8294-301. 

Halle, Germany, kaolin, 499°. 
Halloysite, 505, 505°. 
Hamilton shale, 8315-34°: physical 

tests, 831°; analysis, 8337, 

illus. facing p. 735. 
Hand-picking, 634°, 635+. 
Hand-power dry-press machine, illus. 

facing p. 665. 
Harris & Ginley, brick yard, 697°. 
Harvey, John, brick yard, 718°. 
Haulage, machines used, 654°; cable, 

633", 6867; with cars, 633°; with 
carts, 632°-33°; with gravity planes, 
633°; with locomotive, 633°; steam, 
6867. 

Haverstraw, tests of brick, 648", 695'; 
brick yards, 693*-94°; clay concre- 
tions, 593’; clay deposits, 577°, 584°; 
illus. facing p. 693; delta deposits, 
588", 589*; dredging, 632°; terraces, 
5837, 590°. 

Hayne, P., brick yard, 731%. 
Hecht, H., on cones, 554°; on glazes, 

653', 796°-97"; investigations on com- 
position of porcelains and white 
earthenware, 7957-97". 

Hedges, C. A. & A. P., brick yard, 
6967. 

Hematite, 516*. 
Hempstead harbor, clay deposits, 596°. 
Herkimer county, brick yards, 713’, 

714", 
Hilfinger Bros. pottery works, 824°. 
Hill, R. T., on uses of clays, 564—65°. 
Hilton, William, brick yard, 724'—257, 
Hofman, H.O., use of Bischof’s method, 

558*; experiments on refractoriness 
of clay, 5637; experiments on fusibil- 
ity of clay, 782°. 

Hog neck, clay deposits, 603°. 
Hollick, Arthur, fossils found by, 602?; 

identification of fossils, 602°; on 
glacial origin of Long Island hills, 
606°; on origin of Long Island sound, 
607°; on plant remains, 609%, 610". 

Hollow brick, 773'; manufacture, 769°; 
illus. facing p. 767, 769, 773-74; 
manufacturers, 9137-254. 

Homer, brick yard, 731%. 
Hoosick Falls, brick yard, 709°; clay 

deposits, 709°. 
Hornblende, in clay, 5097, 516%, 5207, 

524°; source of alkaline compounds, 
514°, 

Hornellsville, brick yards, 725'-26°; 
paving brick manufacture, 756*; il- 
lus. facing p. 756; shale, 831‘, 839%. 

Hornellsville brick and tile co., 7257. 
Horseheads, Chemung shale, 840°41*. 
Horseheads brick co., 7277; illus. fae- 

ing p. 653, 679, 727. 
Horseheads, Empire brick works, il- 

lus. facing p. 840. 
Horseshoe tile, 770°, 7717. 
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See also Eskars. 
6174. 
analyses, 610°, 

Hudson, clay deposits, 588", 703°; brick | Kames, 584’, 591°. 
yards, 703°. Kansas, clay deposits, 

Hudson river brick co., 6927. Kaolin, alkalis in, 515‘; 
Hudson river shale, 578°, 826°. 
Hudson valley, terraces, 578°-91°, 629°; 

illus. facing p. 592; depth of. pre- 
glacial channel, 581*; probable ge- 
ologic history, 584°, 591°; delta de- 
posits, 588°; brick yards, 689°—709° ; 

clays: 523°, 576°; stratification, 
577°; illus. facing p. 577; underlying 
material, 577°-78°; illus. facing p. 
578; recent borings, 588°; physical 
character, 6877; uses, 689. 

Hunter, Alfred, brick yard, 707'. 
Hussey mountain, terrace, 590°. 
Hutton, W., brick yard, 699°, 700°. 
Hyatt, C., brick yard, 692°-93?. 
Hydraulic dry press machine, 665°. 

Ilion, brick yard, 714’; clay deposits, 
iid’. 

Impurities of clay, 508°, 5115-28*; test- 
ing for, 856°. 

Indian bay, brick yard, 710. 
Indian creek, delta deposits, 588°. 
Indiana, clay deposits, 6157-16°. 
Indiandite, 505°. 
Tron, in clay, 512*, 566°, 5697; in brick 

clay, 636°, 6407; separation from 
clay, 634°-35°; sulfates of, 680%. 

Iron carbonate, see Siderite. 
Tron oxid, in clay, 508%, 508°, 5117, 5124, 

1bP5 20", 565°, 5691, 639°, 861°; in 
feldspar, 635°; in decorative tile, 
777°. See also Analyses. 

Tronstone china, 793°. 
Ithaca, clay deposits, 576°. 
Ivory creek valley, 584°. 

Jamestown, brick yards, 725°; strati- 
fication, 7254; shale, 8314, 8377. 

Jamestown shale paving brick co., 
756’, 8377; illus. facing p. 663, 677, 
157, 837. 

Japanese porcelain, composition, 796’. 
Jefferson county, brick yards, 710° 

1 Pal i Ng 
Jewettville, brick yards, 650", 724?; il- 

lus. facing p. 662, 664, 665, 672, 724; 
Hamilton shale, 833”, 

Jigging, 805-6". 
_ Jollying, 805*-6'. 

Jones, C. C., on Hudson river clays, 
588°. 

Jones, Gomer, method for testing the 
resistance of paving brick to abra- 
sion, (52°-54". 

Jones, O., brick yard, 734". 
Jonespoint, clay deposits, 

race, 589?. 
Jova, J. J., brick yard, 698°. 

5837; ter- 

862-65 ; composition, 5102, 512", 5345; 
structure of deposits, 628°; ferric. 
oxid in, 519°, 520°, 793°; impurities, 
510"; lime in, 523°; magnesia in, 
524°; mica in, 503°, 535°; origin of 
name, 497°; pure, 497°, 510°; silica 
in, 525°; tensile strength, 545°; use 
of term, 497*; washing, 504’, 800*-3*; 
water in, 530°; 

in Arkansas, 612°; Delaware, 614‘; 
Florida, 614°; Georgia, 615+; Indiana, 
615°; Long Island, 596°; Maryland, 
619°; Massachusetts, 620?; Missouri, 
621*; North Carolina, 623°, 624°; 
Pennsylvania, 625’; Staten Island, 
607", 609°; Virginia, 627°. 

Kaolinite, 4977-501°, 503°—4°, 510°, 5257; 
formation, 497%; properties, 534%; 
use of term, 497°; 

in Missouri, 621*; New Jersey, 623°. 
Kennedy, F. H., brick yard, 715". 
Kentucky, clay deposits, 617°-18*; flint 

clays, 781"; ball clays, 793°. 
Keramics, see Pottery. 
Kilns, building, 674°; continuous, 4954, 

6787—79*, 814°; cooling, 676°; down- 
draft, 673°, 6741, 677°-78°, 745°, 814°; 
for enameled brick, 652°; for paving 
brick, 7457; scove kiln, 674, 6744 
77°, 689*; for stoneware, 809°; types, 
495*, 655°, 673°, 677-794, 814°: for 
white earthenware and china, 814’. 

King & Lynch, brick yard, 692°. 
Kinkel, P. H., & Son, feldspar quarry, 

842°. 
Kirkover, L., brick yard, 7235. 
Kline, J., brick yard, 699. 
Kneading machines, 804°. 
Kreischer, B. Sons, brick industry, 

650°; illus. facing p. 782-86; terra 
cotta factory, 763°, 764; illus. fac- 
ing p. 763-64; fire brick factory, 
7887, 788°; illus. facing p. 784-86. 

Kreischerville, clay deposits, 6077-97; 
illus. facing p. 608, 781; brick yard, 
650°, 743°: terra cotta manufacture, 
763°, 7644; stoneware clays, 817°, 
820°. 

Kyser, A. C., brick yard, 713". 

Lahey Bros., brick yard, 697’. 
Lancaster, brick yards, 722°-23'; clay 

deposits, 722°-23°; stratification, 
N35 id 

Lancaster brick co., 722°, 7237. 
Lansingburg, brick yard, 7084; clay de- 

posits, 708¢, 
La Salle, clay deposits, 574’; brick 

yard, 722°. 
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‘Leaves, in clay beds, 576*, 594°, 605*, 
610°; 
sandstone, 596°, 605°. 

Le Chatelier’s thermoelectric pyrom- 
eter, 560-61. 

Lefever Falls, stratification, 580°. 
Lemberg, J., on kaolinization of feld- 

spars, 4986, 
Leroy, shale, 831’. 
Lester, A., brick yard, 718°, 772°. 
Levant, clay deposits, 576. 
Lewis county, shale, 826°. 
Lewiston, clay deposits, 

beds, 827+-283. 
Lignite, in clay, 596*, 609%. 
Lignitic shales, in Louisiana, 619%. 
Lime, in clay, 506°-7*, 5117, 512*, 520°— 

23°, 547°, 565°, 568°, 5697, 652°, 861°; 
in brick clay, 523’, 569*, 6367, 6407, 

5/5'; shale 

641*; separation from clay, 634°, 
728°; sulfates of, 680%. See also 
Analyses. 

Limestone, 520’, 582%, 584%, 5877; peb- 
bles, .573°, 5857, 722°, 7238, 

Limonite, 516*, 5857, 603°. See also 
Tron oxid. 

Linden, clay deposits, 574°. 
Lithia, 512°. 
Lithium, 511°. 
Littlefield, C. H., brick yard, 701°. 
Little neck, stoneware clay, 602’, 817°, 

820°; illus. facing p. 819-20; clay de- 
posits, 6057. 

Lloyd’s neck, sponge spicules, 599°. 
Loams in Alabama, 611°. 
Locke, F., manufacturer of electric 

supplies, 824°. 
Lockport, shale, 828°. 
Lockport brick co., 7224. 
Lockville, shale, 8297, 
Locomotive, haulage with, 633°. 
Locomotive blocks, 613°. 
Locy Bros., brick yard, 727°, 728%. 
Loess, per cent of quartz in, 525*; in 

Colorado, 613'; in Kansas, 6171; in 
Missouri, 622°. 

Long Island, glacial origin, 606°; 
of producing brick, 685’; 
yards, 733°42°. 

Long Island brick co., 736%. 
Long Island City, pottery works, 823°. 
Long Island clays, 495°, 572°, 573°, 
595° 607°, 629°; 823*; probable geol- 
ogic history, 605°; stoneware clays, 
817°-22°, terra cotta clays, 761?. 

Long Island sound, preglacial origin, 
6077. 

Longbottom, G., brick yard, 735°. 
Louisiana, clay ‘deposits, 618*-19%. 
Low point, terrace, 586°; delta depos- 

its, 588’; brick yard, 697°. 

cost 

brick 
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Lowe, J. R., clay bank, 726°-277. 
illus. facing p. 611, 820; in |; Lyons, brick yard, 718°. 

Lyons pottery co., 824°. 
Lyth, John, & Sons, sewer pipe works, 

769°, 8357; illus. facing p. 767-69, 
174. . 

McCabe Bros., brick yard, 742°. 
McCarthy, T., brick yard, 706°. 
McConnellsville, fullers’, earth, 849% 

50°. 
McDuffie, H., brick yard, 7144. 
Machines, 495°; used in manufacture 

of brick, 654°_55°, 689°; used in 
manufacture of pottery, 804°. 

McLean, Alexander, brick yard, 
7025-31, . 

Madison county, brick yards, 715°, 
731°; drain tile works, 771°. 

Madrid, brick yard, 712°; clay depos- 
its, 575°, “712°. 

Magnesia in clay, 511’, 523%-24°, 5659, 
861°; in brick clays, 524°, 569*, 6407. 
See also Analyses. 

Magnesite, 5087, 512°. 
Magnesite bricks, 784‘, 785°. 
Magnesium, 512*. 
Magnesium sulfate, 524°, 680°. 
Magnetite, 509%. 
Magnets, use of, 6357, 
Maine, R., & Co., brick yard, 6998, 700°. 
Maine, clay deposits, 619°. 
Majolica, 798*, 8157. 
Malden, clay deposits, 

brick yard, 700%. 
Malley, R., brick yard, 6947. 
Manchester, D. S., brick yard, 699°. 
Manganese, 512%, 6397. 
Manganese brick, 646°. 
Manganese oxid, 511°, 5124, 567°, 777°. 
Maplewood, brick yard, 722%. 
Mareellus shale, 830°-31*. 
Markets, for bricks, 687°. 
Marl, 507%, 508’, 640°. 
Maryland, clay deposits, 6197. 
Massachusetts, clay deposits, 620*. 
Mastodon bones, 583’. 
Mather, W. W., on leaves in clay beds, 

594°. 
Meade, J. V., brick yard, 697°; clay 

bank, illus. facing p. 592. 
Mechanical analysis of clays, 5617-63. 
Mechanieville brick co., 708°. 
Mecusker, M. J., & Son, brick yard, 

725°. 
Medina shales, 825°, 826°-28. 
Merrick, C. H., brick yard, 715". 
Merrill, F. J. ich on clay near Far- 

mingdale, 605'; on elay at Gar- 
diner’s island, 603°; on delta depos- 
its of Hudson river tributaries, 
588°-89°; on geologic history of Hud- 

578°, 700°; 
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son valley, 5917-93°; geology of Long , Muhlheim clay, 544*. 
Island, 596’; 
Island hills, 606°: on origin of Long 

Island sound, 607*; on plant remains 
in clay, 5977; on terraces, 579°; on 
occurrence of white fire clay, 597°. 

Merrill, G. P., definition of clay, 496°. 
Meyers, M., brick yard, 7387-40". 
Mica, 503°, 5077-8*, 512°, 513‘, 514%, 

516°, 5247, 549°; source of alkaline 
compounds, 514°; a clay substance, 
534°-35°. 

Michigan, clay deposits, 620°. 
Micro-organisms from clays, 598-601; 

illus. facing p. 600-1. 
Middle Granville, brick yards, 709’; 

clay deposits, 709". 
Milwaukee brick, 636°. 
Mineral paint, 848°. 
Mineralogy of clays, 503-9°. 
Mining clay, methods, 631°—-33°, 654*. 
Minisceongo creek, delta deposits, 

588°; clay deposits, 693°; brick 
yards, 694°. 

Mississippi, clay deposits, 620’. 
Missouri, clay deposits, 621*-22'; brick 

clays, 638*; flit clays, 7817; glass- 
pot clays, 7 87°; ball clays, 793°. 

Mohawk valley, clay deposits, 5767. 
Molding, 661°-68"; illus. facing p. 661— 

66; modern methods, 495*; machines 
used, 655', 665'; electrical supplies, 
illus. facing p. 816; fire brick, 784’; 
hollow brick, illus. facing p. 773; 
pottery clays, 799°, 804°-6*; roofing 
tile, illus. facing p. 765; stoneware, 

illus. facing p. 800-1; terra cotta, 
illus. facing p. 762-64. 

Molding sand, 670°. 
Monroe county, brick yards, 720*22°; 

shale, 828°. 
Montauk point, clay deposits, 606’. 
Montgomery county, brick yards, 713’, 

714; shale, 826°. 
Montmorillonite, 505°. 
Montrose, clay deposits, 585°; 

yards, 6917-927. 
Moodna river, delta deposits, 5817, 582°, 

696°. 
Moore, J. C., brick yard, 7067. 
Morley, C. A., brick yard, 725°. 
Morrisania, pottery works, 823°. 
Morrisey, T. F., brick yard, 708*. 
Morton, J., brick yard, 692°—931. 
Mosher Bros., brick yard, 696". 
Mosquito inlet, clay deposits, 596°. 
Mottled brick, 646°, 650°. 
Mt Marion, clay deposits, 578°. 
Mt Morris, depth of clay, 574°. 
Muffle kiln, 814+. 

~ Muffles, 613°. 

brick 

glacial origin of Long | Murder creek, terrace, 591%. 
Murray, J. E., 
Muscovite, 513%, 

brick yard, 708*. 
514°. 

Nebraska, clay deposits, 623°. 
New Hamburg, terrace, 581’; 

deposits, 588°. 
New Jersey clays, 572°, 622°-23°, 8234; 

titanium in, 526°; plasticity, 542?; 
continued on Staten Island, 608'; 
fire clays, 7887; ball clays, 793°. 

New Paltz, clay deposits, 732+. 
New Paltz brick co., 732*. 
New Windsor, elay deposits, 577*, 581’, 

696°; illus. facing p. 582; delta de- 
posits, 588", 589*; brick yards, 696°. 

New York Anderson pressed brick co., 
743°. 

New York architectural terra cotta 
co., 650°, 760*, 7617, 763°, 764; illus. 
facing p. 759, 761-63. 

New York city, depression of land, 
591*; pottery manufacturers, 823%. 

New York fullers’ earth ¢o., 8497. 
New York hydraulic brick | co., 

20". 

delta 

719% 

New York paving brick co., 756°-57°; 
illus. facing p. 757. 

New York state, occurrence of clay, 
572°-611°; sedimentary origin of 
clay, 629°. 

New York state drain tile works, 771°. 
New York state veterinary college, il- 

lus. facing p. 719. 
Newbrand, Joseph, pottery works, 

823%. 
Newburgh, clay deposits, 581"; 

deposits, 588°. 
Newell, J. L., use of Bischof’s method, 

558". 
Newfield, clay deposits, 576°, 728*-315; 

tests of brick, 648*; brick works, 
650’, 728*-31°; illus. facing p. 656, 
668; paving brick manufacture, 756°. 

Newton Bros., brick yard, 708°. 
Newtonite, 505°. 
Niagara county, clay deposits, 

brick yards, 722°. 
Niagara Falls, clay deposits, 574’. 
Niagara shale, 828*-29*, 829°. 
Nickel oxid, 777°. 
Noble, F. W., brick yard, 704. 
Nolan, T., brick yard, 715’. 
Norite, 583°. 
Norman tile, 646°; illus. facing p. 463. 
North Carolina, kaolin, 5004, 793°; 

clays: 623°-24°; per cent of quartz 
in, 525°; tests, 5417; brick clay, 6387. 

North Dakota, clay deposits, 624". 
Northport, diatoms, 603*; stoneware 

clay, 820*-22°. 

delta 

575); 
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Northport bay, stoneware clay, 602’; 
illus. facing p. 819-20. 

Northport clay and fire sand co., 8204 
22°; illus. facing p. 820. 

Northrup, E. B., clay pit, 724°. 
Northrup, J. I., on rhizomorphs, 593°. 

Oakland valley, brick yards, 732°; 
clay deposits, 732°. 

Ocher, 598%, 848°. 
Ogden brick co., 731°. 
Ogdensburg, 

age brick yards, 711°-12". 
Ohio, clay deposits, 6248-25‘; fire clay, 

536'-37°; flint clays, 7817; glass-pot 
_ clays, T8i ~ 
Oldfield Bros., brick yard, 693°. 
Olschewsky, W., on plasticity, 540° 

41*; on per cent of water in clays, 
543°. 

Oneida county, brick yards, 713°, 714° 
15°; shale, 826°. 

Oneonta, brick yards, 731*. 
Onondaga county, brick yards, 715° 

18?, 
Onondaga pottery co., 823’; illus. fac- 

ing p. 792, 795-97, 802, 804-7. 
Onondaga vitrified pressed brick co., 

715°-17*, 830°; illus. facing p. 663, 
671, 678, 715, 744, 773, 830. 

Ontario county, brick yards, 7197-20? ; 
drain tile works, 771°; shale, 829°. 

Open yards, 669°. 
Orange county, brick yards, 6967, 698°, 

73 18—32?, 732°-33°. 
Ore-balls, 782*. 
Organic matter in clay, 509°, 5117, 527° 

28*, 860°. See also Analyses. 
Orleans county, brick yards, 722%. 
Ornamental brick, 646°; value of out- 

put, 493’, 494°; manufacturers, 913*- 
25. 

Orton, Edward, jr, cones for sale by, 
554°; rattling tests on paving brick, 
751?. 

Oswego Falls, brick yard, 718°; clay 
deposits, 718%. 

Oswego valley, clay deposits, 575*. 
Otis & Gorsline, sewer pipe works, 

769°. 
Otsego county, brick yards, 731". 
Ouimet, J., brick yard, 709°; illus. fac- 

ing p. 661, 674. 
Overbaugh, D. C., brick yard, 701°. 
Owasco, brick yard, 718°; drain tile 

works, 772°. 
Ownership, of brick yards, 685°; of 

clay banks, 685°-867. 
Oyster bay, clay deposits, 597°, 734°; 

brick yard, 734°. 

Paige Bros., brick yard, 711°-12*. 
Paint, 848'. 

clay deposits, 575°, 711° 
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Painting, see Decoration. 
Pale bricks, 676°, 6777. 
Paleozoic fossils, see Fossils. 
Pallet driers, 670°; illus. facing p. 669. 
Pallet-squarer, 670’. 
Pallet yards, 669°; illus. facing p. 670. 
Pan crushers, 656*; illus. facing P- 653, 

656, 759, 765. 
Paper clay, 852'. 
Parian ware, 7987. 
Parker M., brick yard, 7227. 
Parry, W. W., brick yard, 647°, 715%. 
Pass & Seymour, pottery works, 824"; 

illus. facing p. 791, 809, 814-15, 817. 
Paving brick, 673°, 743°-77°; 

ing, 743°; end-cut, 664°; 
ber produced in 1897, 743°; re- 
pressed, 668*; tests, 729*-30°, 745°-508, 
854°; value of output, 493’, 494*; 
wearing power, 750°—-55'; 

manufacture: 745? ; illus. facing p. 
744-45; shales used, 502°; auger ma- 
chine used, 664%; continuous kilns 
used, 679°; 

in Arkansas, 612’; Colorado, 613°; 
Kansas, 617°; Louisiana, 619*; Mary- 
land, 619°; Michigan, 620’; Missouri, 
622*; New York industry, 755°-57°, 
913° 25+. 

Paving brick clay, fluxes in, 512’; 
composition, 743°-45'; — analysis, 
900°-3°. 

Pebbles, 573°, 578', 582%, 5857, 5877, 592°, 
5968, 7 05’, 722°, 723°, 728°; separa- 
tion from clay, 634°. 

Peck, B. F., drain tile and brick manu- 
facture, 771°-72*. 

Peconic bay, clay deposits, 603°. 
Peekskill (stream), delta deposits, 

588°; illus. facing p. 588. 
Peekskill (town), terrace, 585°-86*, 

590°; brick yard, 6937. 
Pegmatite, 584°. 
Penfield, M.A., fullers’ earth mine, 8507. 
Penn Yan, Cashaqua shale, 834’. 
Pennock, J. D., experiments on refrac- 

tory brick, 785*-86*. 
Pennsylvania clays, 625°; titanium in, 

526°; flint clays, 781"; glass-pot 
clays, 787°. 

Pepper, J. H., brick yard, 709". 
Permeability of clay.. wares, 854°-55*. 
Phosphoric acid, 511’, 860°. See also 

Analyses. 
Physical properties of clay, 510’, 538" 

61? 
Piffard, depth of clay, 574’. 
Pipe clay, in New Jersey, 623°; analy- 

sis, 904*-7$. 
‘Pipe tile, 770°. 
Plant impressions, illus. facing p. 611. 

cities us-. 
total num- 

cee ae 
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Plasticity, of clays, 490°, 504°, 528%, 
530°, 539'-44", 637°, 845°; of paving 

Maryland, 619°; Mississippi, 620°; 
North Carolina, 624°. 

brick, 744’; of glass-pot clays, 786°; | Poutre, M., brick yard, 707°. 
of stoneware clays, 791°—92'; of 
shales, 825%. 

Platting, 674°. 
Plattsburg, clay deposits, 595°, 709% 

10*; brick yards, 709°-10*; illus. fac- 
ing p. 661, 674. 

Plows. use of, 631° 

Plunger machine, 663°; illus. facing 
' p. 664-65. 
Pocantico river, delta deposits, 588°. 
Polishing and abrasive materials, 852°- 

5a’. 
Pompeian brick, 646%. 
Porcelain, 794'-98°; analysis, 794°, 796'; 

and white earthenware, comparative 
composition, 796+; decoration, 814— 
17*; illus. facing p. 805, 808; glaz- 
ing, 809-11*; manufacture, 514°; il- 

lus. facing p. 791-92, 794-99, 802, 
804; manufacturers, 823°; value of 
output, 494°; vitrification, 796°. 

Porcelain clays, 568°; rational analy- 
sis, 538%. 

Porosity, of clay, 522°, 672°; of clay 
wares, 854%—55*. 

Port Ewen, clay deposits, 577*, 579°, 
699’; terraces, 590°; brick yards, 
699". 

Port Kent, terraces, 594°. 
Port Washington, sands and gravels, 

607°; illus. facing p. 596. 
Portage shale, 769°, 826°; physical 

tests, 831°; distribution, 834°—36*; 
analysis, 835°. 
Porter, I. R., brick yard, Athens, 704°. 
Porter, J., brick yard, Glasco, 701*. 
Portland cement, 845°-47°; clays and 

shales used in manufacture of, 6897, 
847. 

Post, W. & J., brick yards, 733°-34’. 
Pawel ll2, d12", 512°, 513*51s. 
Potsdam, brick yards, 711°; clay de- 

posits, 711’. 
Potters’ clay, in Kentucky, 618’; in 
New Jersey, 6237; in South Dakota, 
626%. 

Pottery, 791'-824°; decoration, 814’ 
17*; different grades, 791°-98°; 
glazes, 6897, 810°-11°; manufacture, 
620°, 798°-814°; illus. facing p. 791- 
808; manufacturers, 823'-24°; value 

- of output, 493°, 494°. 
Pottery clays, 799'-806*; alkalis in, 

515°; analysis, 878°-81°; lime in, 
5237; magnesia in, 524*; silica in, 
525°: tensile strength, 545°; 

in Colorado, 613°; Kentucky, 617‘; 

Preparation of clay, 655-60"; machines 
used, 654'; pottery clays, 799*, 799°— 
803%. 

Prepleistocene clays, 606°. 
Pressed brick, 645'—46°; burning, 666*; 

repressed, 668*; illus. facing p. 463— 
64, 668; sorting, 679°; 
manufacture: clays used, 521°, 6394; 

use of shale, 827; 
in Colorado, 613°; Indiana, 616°; 

Louisiana, 619°; value of output in 
New York, 493°, 494%; New York 
manufacturers, 650°, 913°-25%. 

Preston brick co., 756*; illus. facing p. 
756. 

Preston Bros., brick yard, 715’. 
Printed ware, 815*°-16'. 
Prospecting for clay, 629°-30?. 
Puddle, 8535. 
Pug mills, 660°, 8047; illus. facing p. 

660, 663, 761, 782. 
Purification of clay, 633°-35°%. 
Putnam county, brick yards, 695°. 
Pyramids, see Seger cones. 
Pyrite, 508°, 516°, 604°, 646°, 680°; sep- 

aration from clay, 634°. 
Pyrometer, 553°, 560'-61?. 
Pyrophyllite, 505%. 
Pyroxene, source of alkaline com- 

pounds, 514*. 

Quartz, 506°, 525', 5267, 565°, 5787, 5968, 
652°, 7057, 7938, 841°-44?; aid to fu- 
sion, 563°; mineralogic characters, 
841°-42°; preparation, 843*; illus. 
facing p. 793; price, 843°-44?; prop- 
erties, 534°; uses, 547%, 5487, 843°. 
See also Silica. 

Quartzite, 5845. 
Quassaic creek, delta deposits, 581’, 

588°. 
Quaternary clay deposits, 572‘, 573°. 
Queens county, brick yards, 733°-34°. 

Railroads, use of clay in construc- 
tion, 853°. 

Randolph, clay deposits, 576’; brick 
vard, 725°; shale, 848%. 

Rathenow, analysis of clay from, 570°. 
Rational analysis, 5337-387. 
Rattlers, 746*, 752°. 

Rattling tests on paving brick, 751°. 
Ravena, quaternary plain, illus. facing 

. 591. 
Pi peotta Ney ee New York architectural 

terra cotta co., 763°, 764. 
Raymondville, brick yard, 712°; clay 

deposits, 712°. 
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Rectorite, 505‘. Rose, A., & Co., brick yard, 701°. 
Refractoriness of clay, 511°, 5267, 5637; ) Rose, H. R., brick yard, 702*. 

of fire clays, 563’,-781°, 7827-83°; of 
glass-pot clays, 786°; of stoneware 
clays, 7927. 

Refractoriness of shale, 8417. © 
Refractory clay products, 639°, 7834 

84°, 
Remole, , on color of hard-burned 

clays, 517°. 
Rensselaer, brick yard, 707*; clay de- 

posits, 707‘. 
Rensselaer county, brick yards, 707%, 

708%, 709°. 
Repressed power brick, illus. facing p. 

464. 
Repressing bricks, 668*, 745*; illus. fac- 

ing p. 668, 784. 
Residual clays, 501', 501°; occurrence, 

572"-73"; structure, 628'; analysis, 
860*-61°. 

Rhinebeck, stratification, 587%. 
Rhizomorphs, 593°. 
Ries, Heinrich, on terrace altitudes, 

590°. ' 
Reisterer, Martin, brick yard, 722". 
Rigney, Mrs .T., brick yard, 707+. 
Riley & Clark, brick yards, 694°. 
Riley & Rose, brick yard, 694°. 
Ring pits, 659*-60'; illus. facing p. 

659 
Road materials, clay or shale used for, 

853?. 
Roberts, J. B., brick yard, 707%. 
Robitzels’s Sons pottery works, 823°. 
Rochester, brick yards, 720°-21°; clay 

deposits, 720°-21°; pottery works, 
824°; sewer pipe manufacture, 769°; 
shale, 828°; stratification, 720°. 

Rochester brick and tile co., 7208-219; 
illus. facing p. 652, 660, 669, 679, 
120,17 ba 

Rock face brick, 647*; illus. facing p. 
463. 

Rockingham ware, 793', 814°. 
Rockland county, brick yards, 6934 

95°; illus. facing p. 693. 
Rockwell, G. A., use of Bischof’s 

method, 5587. 
Roman tile, 646*; illus. facing p. 463. 
Rome, clay deposits, 576’, 714°15?; 

brick yards, 7148-157. 
Rondout, clay deposits, 699°; terrace, 

5797. 
Rondout creek delta, 577°. 
Roénne, Denmark, kaolins, 498*. 
Roofing tile, manufacture, 765'—66°, 

8377: illus. facing p. 765; properties, 
854°-55'; manufacturers, 9137-254. 

Roots, separation from clay, 634°. 
Rose & Co., brick yard, 688°, 698°; illus. 

facing p. 658, 698. 

Rosendale, stratification, 580%. 
Rosendale plains, stratification, 580*. 

Roseton, clay deposits, 5817, 698%; 
delta deposits, 589°; brick yards, 
688°, 698°; illus. facing p. 658, 698. 

Roseville, terra cotta clays, 759°-60°. 
Rough hard bricks, 678°. 
Russia, glass-pot clays, 787%. 
Rutile, 509*. 

Ryan, T., terra cotta clays, 759°-60°. 
Ryder, William, brick yard, 704°. 

Sag Harbor, clay deposits, 603°. 
Saggers, 652°, 811*-12?. 
St Johnsville, brick yard, 713*; clay 

deposits, 713'; stratification, 7137. 
St Lawrence county, clay deposits, 

. 575°; brick yards, 710°, 712, 711° 
12? 

St Louis fire clays, per cent of quartz 
in, .525*. 

Salina shale, 8257, 829°-308; illus. fac- 
ing p. 830. 

Salmon brick, 645°, 677°. 
Salt group, 829*-30°. 
Saltpeter, 680°. 
Salts, 512*; in brick clay, 639°, 640°, 

6807; determination of, 856°. 
Sammis, R., brick yard, 736°. 
Sand, 525%, 592°; used to prevent 

shrinkage, 548*, 548’-49°; in estuar- 
ies, 592?; importance to clay in- 
dustry, 629°; in brick clay, 637°. 

Sandford, C. L., brick yard, 736". 
Sandrock, 5827, 584%. 
Sandstone, 5827, 584', 584°, 5877, 596°, 

597°, 605°. 
Saratoga, brick yards, 709*; clay de- 

posits, 709’. 
Saratoga county, brick yards, 708°. 
Sawdust, used to prevent shrinkage, 

550°. 
Sawmill river, delta deposits, 588°. 
Schenectady, clay deposits, 5767; 

terrace, 591°; depression of land, 
5915. 

Schenectady county, shale, 826°. 
Schist, 583*, 584°, 5857, 5864. 
Schmidt, G. W., brick yard, 723°. 
Schodack terraces, 590°. 
Schrétterite, 505°. 
Schultz, C. A., brick yard, 699°, 700°. 
Schusler & Co., brick yard, 723°. 
Seorifiers, 613°. 
Scotland, glass-pot clays, 787°. 
Scove-kiln, 674°, 674*-77°, 689‘; illus. 

facing p. 674. 
Screens, 6607-61*, 801°-2*. 

i 
i 

; 
; 
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Sedimentary clays, 501‘ 5017-25; oc-|Smith, E., brick yard, 706%. 
currence in N. Y. state, 5737-93; !Smith, J. S., brick yard, 713°. 
structure, 6287-29’. 

' Seger, H., classification of clay, 564°, 
5677; on color of clay, 519°, 565°, 
566’, 566°; on effect of iron in clay, 
640°; on ferrous condition of iron, 
517°; on marly clays, 522°; on effect 
of heating plastic clay, 562*; on 
plasticity, 543°; method of rational 
analysis, 535°; experiment on effect 
of titanium on clay, 527’. 

Seger cones, 553°-58?; composition and 
fusing points, 555*. 

Seger’s porcelain, 795*, 796°. 
Semi-dry process, 667°. 
Seneca county, brick yards, 

shale, 829°. 
Seneca Falls, brick yard, 718°. 
Seneca river brick co., 717°18?. 
Sewer brick, 645°. 

’ Sewer pipe, clays, 767°; 
permeability, 854°, 8557; 
manufacture: 768*-70"; illus. facing 

p. 767-69, 774; in Colorado, 613°; 
Missouri, 622*; New York manufac- 
turers, 769°-70', 913°-25*; value of 
output in New York, 493%, 494°; in 
Tennessee, 626°. 

Shale, 825'-44’; illus. facing p. 830, 
837, 839-40; analyses, 716, 769°, 
899*-901*; distribution and _proper- 
ties, 502°, 5727, 578, 5877, 826%-41?; 
formation, 502', 8267; in Indiana, 
615°; in Michigan, 620°; in Missouri, 
622°; 

uses: 4945—-95?, 765°, 769°, 840%, 8457 
53°; for common brick, 686°, 7277; 
for mottled brick, 646°; for paving 
brick, 5025, 725", 743°, 7457. 

Shankey, J. D., brick yard, 694’. 
Sharon Station, clay deposits, 572°. 
Shells in clay, 575°. 
Shrinkage, of clay, 522°, 529%, 530°, 

5457-508, 636°-37', 637°, 6397, 6725; 
of porcelain, 795*. 

Siderite, 508*, 516°. 
Siegfried, F., brick yard, 718°. 
Sienna, 848°. 
Sieves, use of, 634°. 
Signor, W. H., brick yard, 726+. 
Silica, 5117, 511’, 525'-26°, 860°; and 

bases, action of heat on mixture of, 
518". See also Analyses; Quartz. 

Silica brick, 784°, 785°. 
Simpson dry press brick machine, illus. 

facing p. 664. 
Slags, 512°. 
Slip clays, 620°, 806°-9'; analyses, 880°— 

83°. 
Slumming, 561‘. 
Smith, C. H. L., porcelain works, 8237. 

718°; 

porosity or 

Smith’s dock, terrace, 578"; clay de- 
posits, 700°; brick yard, 700°. 

Soak pits, 658°-59*; illus. facing p. 658. 
Soda, 511’, 512%, 512°, 513%. 
Sodus Point, shale, 8287. 
Soft brick, 645°. 
Soft mud brick, illus. facing p. 464. 
Soft mud process, 645’, 661°-64°, 745*; 

cost, 6867; machines, 784'; illus. 
facing p. 661. 

Sole tile, 770°, 771°. 
Sorting of bricks, 679°. 
South Bay, brick yard, 715*; clay de- 

posits, 715*. 
South Bethlehem, terrace, 5917; illus. 

facing p. 591. 
South Dakota, clay deposits, 626*. 
South Trenton, brick yard, 713°; clay 

deposits, 713°. 
Southold, brick yards, 736'-37°; clay 

deposits, 604', 736’—37°. 
Spar, see Feldspar. 
Spar china, 794. 
Spatting, 669°. 
Specific gravity of fire brick, 786°. 
Speckled bricks, 6467. 
Spencer, brick yard, 728°; old lake bot- 

tom, illus. facing p. 573. 
Sponge spicules, 5944, 599°, 609°; illus. 

facing p. 600-1. 
Springbrook, clay deposits, 724°. 
Staatsburg, terrace, 5817. 
Stanwix, D. H., brick yard, 706’. 
Staples, A. S., brick yard, 699%, 700°. 
Staten Island, brick yards, 742°—43'; 

terra cotta manufacture, 763°, 764‘; 
clays: 573°, 607°-11?, 622°, 628°, 

742°-43*; plant impressions, illus. fac- 
ing p. 611; terra cotta clays, 759° 
60°; fire clays, 7887-90°; stoneware 
clays, 817°. 

Statistics, clay industry, 4935-94". 
Steam drying, 671*. 
Steam power, use of, 662°, 6867. 
Steam shovel, 632°. 
Stedman, disintegrator, 656’. 
Stephens, C., brick yard, 715‘. 
Steuben county, brick yard, 7257-26°; 
Chemung shale, 839". 

Stewart, brick yard, 740. 
Stiff mud process, 645'; machines, 495%, 

662°-64°, 784°; illus. facing p. 662- 
63. 765; cost, 686°. 

Stock brick, 645*. 
Stockport, clay deposits, 588". 
Stoneware, 791°-92°; burning, 8097; 

decoration, 814*-15'; glazing, 806° 
9?; 

manufacture: 
Michigan, 620°; 

in Colorado, 613°; 
manufacturers in 
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' New York, 823°-24°; value of output | Talbot, Prof., method of testing pav-- 
in New illus. 
p. 800-1. 

Stoneware clays, 568°, 6027, 817°—22°; 
illus. facing p. 820; analyses, 792°, 
818%, 819%—20%, 820°; 

in Alabama, 6123; Missouri, 622+ 
New Jersey, 623%; Pennsylvania, 625°, 

Stonypoint, clay deposits, 577*, 583°; 
terraces, 590°; brick yards, 694°—95°. 

Stormking, terraces, 590°; brick yards, 
696’; clay deposits, 696*. 

Stoutner, W. A., brick yard, 714°. 
Stove linings, 617°. 
Stratification, see Tables. 
Streeter & Hendricks, brick ane; 699°. 
Stripping, 630°. 
ee clay deposits, 588’, 

; brick yard, 703°—4?. 
Suffolk county, brick yards, 7340-52", 
Sulfur, 642%, 792%. 
Sulfur-balls, 508’. 
Sulfuric acid, 511?; 

Analyses. 
Sullivan county, brick yards, 732°. 
Sutton & Suderly, brick yard, 705*. 
Syracuse, clay deposits, 575*, 715°; 

brick yards, 715°; paving brick 
manufacture, 756°-57°; illus. facing 
p. (57; pottery. works, 8237-247: 
illus. facing p. 791, 792, 795-97, 802, 
804-7, 809, 814-15, 817; Salina 
shale, 829°. 

Syracuse pottery co., 824”. 

York, 494°; 

703° 

861°. See also 

Tables, crushing strength of brick, 
647°, 695°; dimensions of common 
brick, 6437; composition of paving 
brick, 744; brick testing, 730; 
depth of clay in Genesee valley, 
574; sections of clay deposits, 858- 
59; value of clay output, 493°; tests 
of North Carolina. clays, 5417; com- 
position of Copenhagen biscuit ware 
and Seger’s porcelain, 796°; com- 
position and fusibility of feldspar 
species, 842'; Seger cones, 555'-57°; 
number of terraces, 590°; 
altitudes, 589°; 

stratification: at Coldspring Har- 
bor, 598'; Eddyville, 579°-80?; Far- 
mingdale, 604°’; Freshpond, 735°; 
Gouverneur, 710°; Jamestown, 725%; 
Jova’s brick yard, 698°; Kreischer- 
ville, 608%; Lancaster, 723; Lefever 
Falls, 580°; Levant, 576°: Madrid, 
575°; Rhinebeck, 587‘; Rochester, 
720°; Rosendale , 580*; Rosendale 
plains, 580°; St Johnsville, 7137; 
West Deerpark, 604°, 741°. See also 
Analyses. 

facing 

terrace |! 

ing bricks, 754’. 
Tarrytown, delta deposits, 588°. 
Tarrytown porcelain tile co., 777%. 
Tempering, definition, 658°; machines 

used, 6547; methods, 6557; of pot- 
tery clays, 799’, 803°—4?’. 

Tennessee, clay deposits, 6267. 
Tensile strength, of clay, 541°, 544% 

45°, 637°; of clay wares, 855°—-56?; 
of glass-pot clays, 787°; of stone- 

_ ware clays, 792%. 
‘Terra cotta, general properties, 758'—— 

59°; resistance to fire, 759°; illus. 
facing p..759; use of term, 758%; 

manufacture: 761°-64°; in Massa- 
chusetts, 6207; Missouri, 622*; manu-- 
facturers in New York, 763°-64°, 
913°-25*; value of output in New 
York, 493%, 494°; illus. facing p. 759- 
64; in Pennsylvania, 625°; Texas, 
626°. 

Terra cotta clays, 759°-61?; analysis, 
904*-5*. 

Terra cotta lumber, 769°, 7737. 
Terra cotta vase, foe ; illus. 

facing p. 764. 
Terraces, table of altitudes, 5897; Cham- 

plain valley, 594"; 
ent, 591°; Hudson valley, 578°-91°, 
629°; number of, table, 590°; quality 
of soil, 591%. - 

forming at pres- 

Terry Bros., brick yard, 699°, 700°; il- 
lus. facing p. 700. 

Tertiary clay deposits, 572°, 605°, 6067. 
Testing, brick, 647°-50*, 729*-30°, 745°%~ 

. 50°; clay, 541’, 631°; clay wares, 
854-57. 

Texas, clay deposits, 626°-27?. 
Thermoelectric pyrometer, 560°-61°*. 
Thickness of beds, varying, 6297. 
Thiells, brick yard, 695°; clay deposits, 

584°, 695°. 
Thompson, G. R., brick yard, 710°. 
Three River point, 575%. 
Tibbitt’s brook, delta deposits, 588°. 
Tile manufacture, in Kentucky, 617°; 

Missouri, 622*; New York manu- 
facturers, 913?-25*; value of output 
in New York, 493°, 494°; illus. fac- - 
ing p. 745. See also Decoration of 
tile; Drain tile; Encaustic tile; 
Floor tile; Glazed tile; Roman tile; 
Roofing tile. 

Timoney, F., clay bank, 697°. 
Tioga county, brick yards, 128°. 
Titanic acid, 5117. 
Titanic oxid, 860°. 
Titanite, 509°. 
Titanium, 526°-27°. 
Tompkins, T., & Son, clay bank, 694°. 

See also Analyses. 
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Tompkins & Smith, brick yard, 722°. 
Tompkins county, brick yards, 728*- 

31°. 
Tonawanda, clay deposits, 574’; brick 

yard, 722’. 
Tonawanda creek, Cashaqua 

834°. 
Topography, indications of clay de- 

posits from, 629%. 
Torrey park land co., 718". 
Townsend, P. M. C., brick yard, 727°, 

7287. 
Troy, brick yards, 707°; clay deposits, 

707°; sewer pipe manufacture, 770°. 
Tunnel driers, 670%-71°; illus. facing 

p- 671. 
Turner, J., brick yard, 725°. 
Turning, pottery clay, 804°—5’. 

Ulster county, brick yards, 699*, 699*- 
10L, 732". 

Ultramarine manufacture, 852’. 
Underhill, W. A., brick yards, 691‘. 
Undermining, 632°. 
Union porcelain works, 823°; illus. fac- 

ing p. 793-94, 799, 808, 816. 
United States, occurrence of clay, 

611%-27°. 
Up-draft kiln, 673°, 677%. 
Upham, Warren, on eskars, 575°. 
Uranium oxid, 777°. 
Uses of clay, 564°-65°, 636*—-428, 845'- 
a: 

Utica, pottery works, 824°. 
Utica shale, 5797. 

Vanadiates, 509°. 
Vanadium, 511°. 
Van Cortland, delta deposits, 588°. 
Van Dusen, F. M., brick yard, 701*. 
Vaughn, Charles, brick yard, 710'. 
Vernon, W. H., brick yard, 732'. 
Verplanck, clay deposits, 585°; brick 

yards, 6917—92%. 
Verplanck point brick yard, 692°. 
Vicat’s needle for testing plasticity, 

542%. * 
Victor, pottery works, 824°. 
Virginia, clay deposits, 627°. 
Viscosity, 5517, 563%. 
Vitrification, 551°, 563%. 
Vitrified brick, 494%, 

652"; 
manufacture: in Alabama, 611°; in 

Kentucky, 617°, 617°-18'. 
Vogt, G., on plasticity of clays, 504?. 
Von Buch, Leopold, on kaolin, 4997. 
Vulté, H. T., methods of analyzing 

clay, 530°-387. 

Walling up kilns, 674°. 
Wallkill valley, terrace, 590°. 

shale, 

551°; glazing, 
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Walsh Bros., brick yards, 703°-4?’. 
Wappinger creek, delta deposits, 581°, 

588°. 
Ward, D. B., on diatoms, 5991, 609°. 
Warners, brick yards, 715°-17°; illus. 

facing p. 671, 678, 715, 744, 773, 830; 
Salina shale, 829%. 

Warsaw, depth of clay, 574%. 
Warwick, clay deposits, 732°-33°. 
Washburn, U. F. & Co., brick yard, 

6937. 
Washburn Bros., brick yard, 700°-1*. 
Washed brick, 645°, 669°. 
Washing clay, 7997—800*. 
Washington county, brick yard, 709". 
Water in clay, 528*-30", 543°, 544’, 

860°. See also Absorption; Analy- 
ses. 

Water-smoke, 675°. 
Water-smoking, 529*, 680', 681°. 
Watertown, clay deposits, 575°, 711‘; 

prick yard, 711", 
Watertown pressed brick co., 711‘. 
Watson, Robert, brick yard, 712°. 
Wayne county, brick yards, 718°; 

shale, 828%, 829%. 
Weathering, 655°, 8568-571. 
Weaver, G. F., sons, brick yard, 715°. 
Websters Corners, Hamilton shale, 

833°-34?. 
Weedsport, brick yard, 718%. 
Wegeli porcelain, composition, 796. 
Weight, of brick, 528°; of sand, 549*. 
Wells & Brigham, brick yard, 731°. 
West Deerpark, clay deposits, 604’, 

741?, 
West neck, clay deposits, 597°, 602', 

606*, 734°-35*; crumpled layers, 606°; 
brick yards, 734°-35*; illus. facing 
p- 735. 

Westchester county, brick yards, 689°— 
93°; 

Wet pan crushers, 8037-4". 
Weyer, P. J:, brick yard, 727%. 
Wheeler, H. A., on plasticity, 541°; on 

quartz in clay, 525*; formula for 
relative_fusibility of clays, 552°. 

White earthenware, burning, 811*-14°; 
decoration, 815°-16°; glazing, 809% 
11°; manufacture, 514°; New York 
manufacturers, 823°; illus. facing 
p- 791-92; and porcelain, compara- 
tive composition, 796". 

White granite, 793°. 
Whitehall, terraces, 594°. 
White wash, 6817. 
Whitfield, R. P., on crumpling of clay, 

593%. 

Williams, C. L., brick yard, 709'. 
Williams H., tests made by, 647°. 
Willis, H. M., clay bank, 733°. 
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Windom, Hamilton shale, 833%, 834’. Yards, see Brick yards. 
Wire-cut machines, 662°; illus. facing | Yates Center, clay deposits, 574°. 

p. 662-63. Yellow clay, characteristics, 577°. 
Wire rope, haulage with, 633’, 686". | Yellow gravel, 607°, 607°, 6107. 
Wolcott furnace, shale, 828°. Yellow ware, 793', 8148-151. 
Wood & Keenan, brick yard, 743°. Yonkers, delta deposits, 588°. 
Working clay, methods of, 631°-35°. | York, depth of clay, 574’. 
Wrape & Peck, brick yard, 710°-11?. Yttrium oxid, 511°. 
Wyandance, clay deposits, 741°; illus. | 

facing p. 741. Zettlitz, Bohemia, kaolin, 544"; kaolin 
Wyoming, clay deposits, 574°, 627°. “mines, 500°. 















University of the State of New York 

BEL E BEN 

OF THE 

New York State Museum 
FREDERICK J. H. MERRILL Director 

Noe. oo, Vol. 7 

March 1901 

16th Report of the state entomologist 

ON 

Pre ntOUS AND OTHER INSECTS 
OF THE 

STATE OF NEW YORK 

1900 

BY 

EPHRAIM PORTER FELT D.Sc. 

State entomologist 

ALBANY 

UNIVERSITY OF THE STATE OF NEW YORK 

IgOI 



CIN Te IN 

PAGE 

Introduction. 32). -s6 seeereces see. On 

General entomologic features--- 951 

Office WwoOrks-co2<. 3-52 506-8 sae 951 

Special investigations... -....--- 952 

Entomologic field station..--.-.-. 952 

Publi¢ations 0.2. kcccce se eae eo 

Extension Workvecs occ: sc act. ~ 953 

Collection of insects -.....--... 954 

Voluntary observers...--..-.--. 954 

Acknowledgments..-......-...-. 954 

Injurious insectst.<.-. 2.222.512... 90 

Porthetria dispar, gipsy 

MOGH Ee tsk peewee A 955 

Ypsolophus pometellus, 

Palmer WOLM, . io ceen ee ase 962 

Experimental work with insecti- 

CHES s\n Se eee deen steele 967 

Conclusions... ...2...¢8do 50-62. 0 985 

Notes for the year?..............- 988 

Fruit tree bark beetle (Scoly- 

tus: Pug alos) Sol eee 989 

Plum cureulio (Conotrache- 

1s Me nwp ha T) soho eeees 989 

Pale striped flea beetle (S ys- 

tena taeniata) .......... 989 

Elm leaf beetle (Galeru- 

Celia WU we.) 8). ccc.< es cee OO 

PAGE 

Gold gilt beetle (Chrysochus 

auratds) <2... 2. «27s eee 991 

12 spotted asparagus beetle 

(Crioceris 12-punctata) 991 

Grain beetles in a new role..... 992 

Snakeworm (Sciara species). 992 

Forest tent-caterpillar (C lisio- 

campa disstria) coy 994 

Fall army worm (Laphygma 

frugiperda).-...22) see 998 

Red-banded leaf-roller (Lo pho- 

derus triferana) —-22 998 

Harlequin cabbage bug (Mur- 

gantia histrionica).... 999 

Juniper plant bug (Penta- 

toma jJuUniperina)--sase 999 

Elm bark louse (Gossyparia 

Grasshdpperse,...--.-. --2 Seeman 1000 

Voluntary entomologic service of 

New York state ....-.-- case 1000 

Summaries of reports from vol- 

List of publications of the ento- 

mologist........ sano e a 1027 

Contributions to the collection, 

15 Oct. 1899-14 Oct. 1900.....-.. 1034 

1 A general account of each, giving life history and habits 
interesting facts brought to notice in 1900. 

Brief records of some of the more 

untary Observers. ..<. --22eeee 1001 — 



New York State Museum 

16TH REPORT 

OF THE 

STATE ENTOMOLOGIST 1900 

OFFICE OF STATE ENTOMOLOGIST 

Albany, 15 Oct. 1900 

To the Regents of the University of the State of New York 

I have the honor of presenting herewith my report on the injurious 

and other insects of the state of New York for the year ending Oct. 15, 

1900. | | 

General entomologic features. The excessive depredations of last 

year by the forest tent-caterpillar, Clisiocampa disstria Hiibn., 

were somewhat mitigated in 1goo, though the insect was presentin some 

orchards in considerable numbers. It is a pleasure to record that the 

energetic measures employed by various cities and towns last year bore 

fruit this season in the comparative immunity of these places from the pest. 

The elm leaf beetle, Galerucella luteola Mull, has been kept well 

under control in Albany and Troy by intelligent and systematic spraying, 

showing that it is practicable to prevent serious injury by this pest. ,It 

has established itself in several localities in the western part of the state, 

and it may prove as injurious there as it has been in the Hudson river 

valley. It is a source of deep regret that the commonwealth of Massa- 

chusetts has curtailed its operations against the gipsy moth, Porthe- 

tria dispar Linn. There was every reason to expect the ultimate ex- 

termination of this pest on American soil if the work was continued. This 

insect will now spread over our country, and residents of New York state 

may soon find it among the insect pests which they will be obliged to 

fight. This destructive species may appear within our state at any time; 

and for this reason a brief general account of it has been prepared, that 

our people may be forewarned. Other insects of interest are mentioned 

under “ Notes for the year.” 

Office work. ‘There has been a marked increase in the routine office 

work since last year in spite of every effort to save time along this line, 

The inspection of nurseries under the direction of the commissioner of 

agriculture has resulted in the collection of many scale insects, which 

were referred to this office for name. The determining of these 
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difficult forms and much of the technical proof reading has fallen on 

my second assistant, Miss Boynton. ‘The state of Virginia has refused 

to accept nursery stock under a certificate issued by the state department 

of agriculture,and the state entomologist has, in compliance with the 

commissioner’s request, issued certificates approving and indorsing the 

inspection. The large additions to the collection require much 

time for the proper pinning, labeling and recording of the specimens. 

Fortunately much of this work can be done by comparatively unskilled 

labor. The demand for popular information through the press and cor- 

respondence has not diminished. During the year 1136 letters, 444 post- 

als, 176 circular letters and 1712 packages were sent through the mails. 

Special investigations. Three lines of special work have been 

prosecuted in addition to minor investigations of insects brought to notice 

from time to time. 1) A series of experiments have been carried on to 

determine the best methods of controlling the San José scale in orchards. 

The results are given under the appropriate title, and in this connection 

a study of this and related scale insects has also been made, and the re- 

sults will be presented in a later bulletin, 2) A most promising investi- 

gation of the insects injurious to our vast forest interests has been under- 

taken. 10 days were spent with Dr A. D. Hopkins, of West Virginia, 

who is a leading authority on the subject, in a study of the insects in 

the forested mountain regions of that state. Two weeks were spent at 

Saranac Inn and vicinity and some time in the neighborhood of Albany 

and also at Manor (L. I.) collecting forms depredating on forest trees. 

At the last place serious injuries to acres of hard pines have been caused 

by bark-borers. ‘The results of this work will be prepared for publication 

shortly. 3) Studies on aquatic insects have been pursued. ‘These are 

noticed in the following paragraph. 

Entomologic field station. The aquatic insects of the state are 

of considerable economic importance, because many game fishes find in 

them and associated forms a considerable proportion of their sustenance, 

This field has been comparatively neglected in New York, and there- 

fore it was deemed wise to have some special work done along this line. 
The museum was fortunate in securing for the summer the services of 

Dr James G. Needham, of Lake Forest university, Lake Forest (IIl.), 

who had made a special study of certain aquatic insects and was there- 

fore well equipped for the work. Through the courtesy of the commis- 

sioners of fisheries, game and forest, the facilities of the Adirondack 

hatchery at Saranac Inn were placed at the disposal of my office for this 

work, Dr Needham was in immediate charge of the station, and was 
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aided by an assistant of his own selection, Cornelius Betten. They 

were at the station from June 15 to Aug. 20, during which time they 

collected many insects, and so far as possible ascertained their life his- 

tories. ‘They also gave considerable attention to the conditions under 

which the various species exist, their relations to each other and their 

value as food for fishes. The results obtained have amply justified the 

_ departure; and in Dr Needham’s report, which is nearly ready for the 
press and will appear as a separate bulletin, there will be found much 

_that is not only new but interesting and valuable. 

The work on aquatic insects at Saranac Inn has to some extent been 

supplemented by studies made in the vicinity of Albany by my first as- 

sistant, Mr Banks. The results of this work will be prepared for pub- 

lication later. 

SS eee ee 

Publications. Several circular letters warning of threatened injuries 

have been issued and were widely published. The principal publications 

of the entomolgist, to the number of 67, are listed under the usual head. 

The most valuable of these are the memorial of Dr Lintner, which con- 

tains a complete index of his publications, the account of some of the 

principal insects affecting maples and the illustrated catalogue. A com- 

panion to /usects injurious to. maple trees, treating of those affecting the 

elm, has been prepared. It will be illustrated, as was its predecessor, by 

three admirably colored, quarto plates, and it will be published in the 

report of the commissioner of fisheries, game and forest for 1899. The 

: illustrated catalogue of some of the principal economic insects was pre- 

pared to accompany the small traveling collection, which was exhibited 

at a number of fairs. 

Extension work. Considerable time of the entomologist or his first 
assistant, Mr Banks, was occupied by farmers institutes, They covered 

a period of 41 working days, during which time about 46 lectures were 

delivered at the following 24 places: Nelson, West Eaton, Stockbridge, 

Hamilton, Halcottsville, Lexington, Hensonville, Durham, Breakabeen, 

Franklin, Esperance, Bethlehem Center, Altamont, Voorheesville, East 

Greenbush, Gansevoort, Greenfield Center, Burnt Hills, Glens Falls, 

Fort Ann, East Hartford, Cambridge, Hoosick Falls and Fultonville. In 

addition, the entomologist has been called upon to give several addresses 

before scientific bodies. 

| 
i 

The traveling collection, composed of some of the more important 

injurious and beneficial insects, was shown at a number of farmers insti- 

tutes, and proved an attractive and interesting feature of these gather- 

ings. In this connection, it was exhibited at Altamont, Gansevoort, 
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Greenfield Center, Glens Falls, Cambridge, Hoosick Falls and Fulton- 

ville. The collection was also shown at the meeting of the Western 

New York horticultural society at Rochester and at that of the Eastern 

New York horticultural society in New York city. It was shown in 

addition at the following county fairs: Hornellsville, Cuba, Dryden, and 

Cobleskill. A part of the expense for exhibiting at these institutes was 

borne by the management, and the same was true of the fairs. 

Collection of insects. The additions to the state collection of insects 

have been larger than ever before. .My assistant, Mr Banks, has spent 

considerable time in the field collecting forms specially desired for the 

biologic collection. The contributions from correspondents have been 

unusually numerous, and by a small cash outlay a large number of speci- 

‘mens were obtained through student collectors. The collecting done at 

the entomologic field station and also in the study of forest insects has 

resulted in the taking of many desirable forms. Over 15,000 pinned 

specimens have been added to the collection during the year, and a vast 

number of others have been preserved in alcohol. ‘These additions may 

appear large, but there are still many forms which should be obtained. 

Dr Needham’s work on dragon flies and my studies of forest insects will 

result in a great enrichment of the state collection in authentically deter- 

mined Odonata and Scolytidae, besides valuable additions in other groups. 

Voluntary observers. This organization has been continued with, 
I trust, mutual advantages. The work has been extended somewhat, 

and is now supported by 45 observers representing 42 counties, instead 

of 43 observers in 39 counties, as last year, Many of those who con- 

tinued the work begun in 1899 have been able to improve their reports 

materially, as may be seen by the abstracts given under the proper 

heading. 

Acknowledgments. The entomologist is under obligations to other 

workers along the same lines for aid rendered. Dr L. O. Howard, chief 

of the division of entomology of the United States department of agricul- 

ture, and his associates have frequently been of service by determining 

insects or by placing information at my disposal. This central bureau, as 

at present conducted, should be and is invaluable to working entomolo- 

gists all over the country. To Dr A. D. Hopkins, entomologist of the 

West Virginia agricultural experiment station, special thanks are due for 

personally showing and explaining to me his lines of work and also for 

his determinations of the Scolytidae or bark beetles and other insects 

collected by me in the forests. The thanks of the entomologist are also- 

yet 
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due to the commissioners of fisheries, game and forests for courtesies 

extended in connection with the investigations on aquatic insects and to 

Dr B. E. Fernow, dean of the state college of forestry, for aid in collecting 

insects at Axton. 

It is a pleasure to acknowledge the continued support and encourage- 

ment given by the regents during the past year. The work has neces- 

sarily been hampered by limited office room, but the much larger and 

better appointed quarters, soon to be ready, will do away with a number 

of hindrances. , 
Respectfully submitted, 

EPHRAIM PORTER FELT 

State entomologist 

“INJURIOUS INSECTS 

Porthetria dispar Linn. 

GIPSY MOTH 

) Ord. Lepidoptera: Fam. Bombycidae 

This species has attracted more attention in America in all probability 

than any other imported insect with the exception of the now notorious 

San José, or pernicious scale. This is somewhat remarkable considering 

its restricted range in this country, and yetit is not very surprising when 

- due credit is given to thescientists charged with safeguarding the interests 

of the country. The presence of this insect in enormous numbers at 

Medford (Mass.) was brought to the attention of Dr C.H. Fernald in 1889, 

and a special bulletin calling attention to this dangerous pest was 

issued by the agricultural experiment station at Amherst (Mass.) in 

November of that year, A study of the situation convinced Dr Fernald 

that it was not only possible but practicable to attempt the extermination 

of this species. The past decade has witnessed a wonderful struggle 

between man and nature, and, had the work received the support it 

should, there is no doubt as to what the outcome would have been. 

There is no occasion for alarm at present. This pest does not occur 

within the borders of New York state to my knowledge; but, as the 

commonwealth of Massachusetts has not only declined to do more 

toward exterminating the pest but puts no efficient checks on its dis- 

tribution, it is only a question of time when the insect will occasion us 

some of the trouble it has caused in the neighboring state. Itis impossi- 

ble to say just when this insect will succeed in establishing itself in New 
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York state. Favoring circumstances may bring about its introduction 

within a year or two or it may not occur for a number of years. The 

following brief notice has therefore been prepared in order that citizens 

of the state of New York may have at hand reliable information concern- 

ing a pest they must expect to meet shortly. The well known habits 

of this species emphasize the value of being forewarned. The extermi- 

nation of the pest in America may now be placed among the impossibili- 

ties, but it is of greatest importance that it be kept under control, as it 

spreads over the country. — 

History in America. This haa was introduced into Medford 

(Mass.) in 1868 or 1869 by Leopold Trouvelot, who imported it in the 

course of some experiments on silkworms. Justice to. Mr Trouvelot 

compels the statement that the insect escaped from him by accident, 

and that he did all in his power to repair the mischief. Very little was 

seen of the creature for about 10 years, and then the caterpillars began 

to be abundant about the place where they had become established, and 

from then on their numbers increased till 1889, when Medford and 

vicinity were literally overrun with hordes of voracious caterpillars. The 

infestation. bordered closely on a plague. An act was passed in the - 

winter of 1890 providing for the appointment of a special commission 

and placing at its disposal $25,000, which sum was subsequently increased 

by an equal amount. The work of that year showed the insect to be 

present over a much larger territory than had been supposed. A farther 

appropriation of $50,000 was made in 1891, and from then till 1899 the 

appropriations ranged from $75,000 to $rg0,000 annually for the purpose 

of exterminating this species, the total amount appropriated by the com- 

monwealth of Massachusetts for work against the gipsy moth being 

$1,155,000. This is a large amount of money to be expended in ex- 

terminating an insect, but it is very small compared to the loss we may 

reasonably expect from the devastations of this pest. The work was 

hindered from time to time by delayed appropriations, and yet, in spite 

of this and other obstacles, good progress was being made in the work 

of extermination. Its abandonment at this stage can hardly be 

regarded as other than a grave misfortune. The general results obtained 

were most striking to a visitor. Places, where in 1891 defoliated trees, 

crawling caterpillars and signs of desolation had been prominent fea- 

tures, were in 1895 and 1898 seen to be comparatively free from the 

pests, and the injuries to vegetation slight or none. The checking of the 

insect over a large area was so thorough as to lead many to forget its 

earlier destructiveness and to despise its powers. At the close of 1899 
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the gipsy moth was known to be present in 34 cities and towns in Massa- 

chusetts. It has not obtained,so far as known, a foothold in this country 

outside the state of Massachusetts. 

Description. It is exceedingly important that farmers and others 

in this state shall know something about the appearance of this insect 

and what to expect. Do not jump at conclusions and consider the spe- 

cimen a gipsy moth insome form because it bears a general resemblance 

to the illustrations given herewith. It is much better to send the speci- 

men to an entomologist and secure an authentic determination. Gen- 

erally speaking, the statement from a non-scientific person that the ob- 

ject in hand is a gipsy moth is of little or no value and is quite apt to be 

incorrect. 

The eggs of this insect are deposited usually in round or oval patches 

(pl. 1, fig. 8) on a piece of bark and then covered with the buff colored 

scales from the under side of the female’s abdomen. A completed egg 

mass looks very much like a small piece of sponge. The eggs may be 

found on stones, in tin cansand in fact on almost any fixed object near 

at hand, preferably on the under surface, particularly of limbs and fence 

rails. The nearly globular, pale yellowish or salmon colored eggs are 

about 4) of an inch in diameter, and there are usually 400 to 500 eggs 

in a cluster, though occasionally tooo may be found in an egg mass 

The young caterpillar is slightly over a tenth of an inch long just 

after it emerges from the egg. It has a black head, the body is brown- 

ish yellow and well clothed with long hairs, There is a prominent hairy 

tubercle on either side of the segment next the head; this gives the 

caterpillar a peculiar broad-headed appearance, specially in its early 

stages. The markings become plainer as it increases in size, and, when 

full-grown, it is from 2 to 2% inches long and has the appearance shown 

in fig. 6 and 7 on plate 1. 

The somewhat conical, dark brown pupa ranges from 34 to 1% inches 

long and is well represented in fig. 5 on pl. tr. It is usually found 

lying among a few threads and securely attached to them by its terminal 

spine. 

The male and female moths differ markedly. The former, a slender 

olive brown, black-marked creature with finely feathered antennae and 

having a wing spread of about 1% inches, may be seen flying in the late 

afternoon and early evening in considerable numbers. It is represented 

with wings expanded and in its characteristic resting attitude in fig. 3 and 

4 0f pl. 1. The female is much heavier and lighter colored. She has 

a wing spread of about 2 inches and is of a white or buff-white color with 
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more or less distinct black markings. The abdomen is tipped with buff. 

The spread female and her characteristic resting position are well shown 

in fig. 1 and 2 of pl.1. The female moth does not fly though she 

apparently has well developed wings. 

Life history. The winter is passed in the egg mass, which is remark 

ably resistant to atmospheric and other agencies. Experiments have shown. 

that even when the egg clusters were broken up and freely exposed to the 

elements, the eggs were apparently not harmed, and a normal proportion 

of the caterpillars appeared at the usual time, which in the vicinity of 

Boston is from the last of April to the middle of June. The feeding 

period extends from the first of May to about the middle of July, a catert 

pillar requiring from about nine to eleven weeks to complete its growth 

and enter the pupa stage. The young caterpillars remain on the egg 

clusters from one to five or more days and then commence feeding on 

the leaf hairs. Soon they eat out small holes in the leaves and, after the 

third or fourth molt, about as many feed on the edge of the leaf as eat 

out holes. The caterpillars are nocturnal feeders, remaining in clusters 

on limbs and trunk or hiding in some crevice during the day, and be- 

ginning between 7 and 8 o’clock in the evening leisurely to ascend the 

tree, where they feed on the foliage at intervals during the night, de- 

scending about 3 o’clock in the morning. Many of our farmers are fa- 

miliar with the masses of forest tent-caterpillars so abundant in sections 

of New York the past two or three years. The gipsy moth caterpillars 

assemble in just such masses, andon badly infested trees they are as de- 

structive as our native species. 

The larvae transform to pupae during the month of June, the moths 

appearing from the latter part of June till the latter part of July. In 

exceptional cases these dates may be considerably extended. Males 

emerge in advance of the opposite sex, and shortly after the females ap- 

pear, pairing takes place and egg deposition begins. The embryos are 

frequently well developed within the egg in two or three weeks after 

Oviposition, but as a rule the caterpillars do not emerge till the next 

spring. A case is on record of eggs hatching in early September of 1895 

at Woburn (Mass.), but the round of life was not completed, and in this 

northern latitude, at least, there need be little fear of two generations 

annually. 

Food plants. One of the most dangerous features of the gipsy 

moth is the exceedingly large number of plants on which its caterpillars 

thrive. They will eat without hesitation almost all our native shrubs and | 
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trees and, when hard pushed, they can subsist for a time, at least, on 

a number of herbaceous plants. The common fruit trees, the elms, 

maples and oaks are all eaten most readily, and, even were the list no 

greater, the pest would be a most serious one to combat. It feeds on 

many other piants, as the list of 536, given in the exhaustive report on 

this insect in 1896, attests. Itis very true that the caterpillar feeds on 

some of these only when compelled by starvation, and that it can not be 

considered an enemy of a number of others, but, even after making 

most liberal allowance for these, the list is still a very formidable one. 

Destructiveness. Countless instances of serious injury by this pest 

could be given, even if we did not go outside of America. It is well 

known as a grievous pest in many parts of Europe, and its operations in 

this country, when unhindered by man, have been appalling. Personal 

observation of the infested areas in 1891 and later years leads me to 

consider it a much worse insect enemy than the forest tent-caterpillar. 

It defoliates forest and other trees just as completely as Clisiocampa 

disstria, and a series of such disturbances of nature may be expected 

when the insect becomes well established in New York state. 

It may be very appropriate to refer, in this connection, to a brief 

_article', ‘On the possible effects of the gipsy moth on American forests,” 

by Prof. N. S. Shaler, of Harvard university, whose opinion should be 

given great weight on account of his intimate knowledge of the con- 

ditions. A brief consideration of the habits of the insect and its effects 

on forest trees is supported by the following striking paragraph: 

For a year the secondary buds of most trees, buds that put forth after 
the crop of caterpillars has matured, serve to maintain the life of the 
forest, but the plants are rapidly weakened by the tax, and perish after 
two or three seasons of the infliction. It appears likely that in five years 
none of the arboreal forces would survive. ‘Therefore we may assume 
that, if the gipsy moth becomes firmly implanted in our forests, these 
forests are in large measure likely to disappear. The processes will 
probably be slow, for the rate of dissemination of the insect is not great, 
yet the moths if plentiful will invade railway cars and other vehicles, so 
that the new colony may be planted at a distance of hundreds of miles 
from the fields where the species have become abundant. 

The concluding paragraph is equally emphatic. 

What has been said above may make it plain to the reader that, if the 
gipsy mothis allowed freely to extend itself in this country, the conse- 
quences are likely to become most serious. They may indeed attain to 
the hight of a calamity. It is possible that effective enemies of this 
species may be developed in course of time, but the past 20 years has 
failed to show any such. It is possible that some change of climate may 

1 Forester, Sep. 19U0, 6: 206. 
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reduce or destroy the species, but for more than a score of years they 
have in no wise suffered from frosts or drouth or excessively wet seasons. 
It is the part of wisdom to face the issue; we should see that our genera- 
tion has in this matter no right to trifle with the right of the generation to 
come. Our forests are next after our fields the natural basis of our 
prosperity. It is evident that they are endangered by the presence of 
this enemy. 

Means of dispersal. One of the redeeming features about the gipsy 

moth is the fact, previously noted, that the female moth does not fly. 

This compels the insect to rely on other agencies to a great extent for its 

distribution over the country, because, though the partly grown cater- 

pillars are good travelers, they can not, relying on their own efforts, cover | 

great distances. Experience with the insect has shown that people and 

vehicles constantly passing from an infested area to a clean one are 

among the most efficient carriers of the pest in the caterpillar stage. The 

~ insect can be conveyed long distances in the egg, and it is rather sur- 

prising that such has not occurred more frequently. Any hard object 

allowed to remain near an infested tree during July, while oviposition is 

in progress, is very likely to be infested with’one or more clusters of 

eggs. The intelligent, energetic officials, who were in charge of the 

work against the gipsy moth, took special pains to prevent such dissemi- 

nation, but now that nothing is being done, there is great danger of the 

insect being carried with household effects to most distant points, 

specially if packed in boxes and barrels which have been allowed to lie 

where females could deposit eggs on them. Fortunately for New York 

state, this pest is most abundant north and northwest of Boston, and 

with this area we have no direct railroad communication, but as the 

infestation becomes greater along the line of the Fitchburg railroad and 

extends to include the terminus of the Boston and Albany line, the 

danger of the insect being brought into the state will be very largely 

increased. 

Natural enemies. This insect has a number of natural enemies in 

this country, but unfortunately none of them are aggressive enough to 

warrant the placing of much dependence on them, though they should be 

encouraged by all possible means, 

Mr Forbush states that about a dozen native song birds are very useful 

in devouring one stage or another of this moth and that about 25 other 

species will feed on it to a slight extent, or more largely when their usual 

food is rather scarce, The most useful birds are the yellow and black- 

billed cuckoos, Baltimore oriole, catbird, chickadee, blue jay, chipping 

sparrow, robin, red-eyed and yellow-throated vireos and crow. 
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A number of predaceous and parasitic insects have either been reared 

from this insect or observed preying on it, but none of them are of suffi- 

cient importance to warrant special mention in this connection. 

Recommendations. Investigate anything that arouses a suspicion 

that it may be the gipsy moth, but be in no undue haste to identify the 

insect. It will be much more satisfactory to submit the specimens to an 

entomologist than to arouse unnecessary fears. ‘There have already been 

several false alarms occasioned by persons with more enthusiasm than 

discretion, who have attempted to identify an insect with which they 

were unacquainted. ' 

It would undoubtedly pay to exterminate a small colony, but in 

the course of time this will be impracticable. We must learn to con- 

trol it on our own land. ‘The inability of the female to fly and the 

conspicuousness of the egg masses make this task relatively easy, unless 

the pest is allowed to escape to the woods. ‘There a private individual 

could ‘hardly cope with the insect. The point of establishment in this 

state is almost bound to be near some dwelling, and therefore the species 

need not be allowed to establish itself in wild land, at least for some - 

years. | 

One of the most effective methods of keeping this pest under gontrol 

is the careful collection and burning of the conspicuous egg masses, 

This can be done most effectually in the fall, during the winter and in 

early spring. No ordinary fire running over the ground can be relied on 

to kill the eggs. The only safe way is to put them in a stove or similar 

fire and burn them up. Creosote oil applied to the egg mass will soak 

in and kill the eggs. The following preparation was used in the work 

against the gipsy moth: creosote oil, 5°% ; carbolic acid, 20 %; spirits 

of turpentine, 20 % and 10 % of coal tar. The latter was added to 

color the compound and thus show at a glance what clusters had been 

treated. 

The caterpillars prefer to hide during the daytime, and advantage may 

be taken of this habit to tie burlap bands in the middle around the tree 

trunks and then turn the upper portion of the burlap down over the 

string. The bands can be lifted daily and the caterpillars beneath killed. 

This method proved of such great value in the work against the gipsy 

moth that thousands of trees were banded during the latter part of the 

caterpillar season. 

The insect is quite resistant to arsenical poisons, and it requires a large 

dose to kill it, specially when the caterpillar is nearly grown. There is 

probably no better poison for this pest than arsenate of lead, using at 
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least 5 pounds to every 50 gallons. The application should be made as 

soon as the leaves are well grown, and then the caterpillars will be 

poisoned while young and most susceptible to the insecticide. 

BIBLIOGRAPHY 

A very complete and exhaustive account of this insect in America may 

be found in the Gipsy moth, a report of the work of destroying this insect 

in the commonwealth of Massachusetts, together with an account of tts his- 

tory and habits both in Massachusetts.and Europe, by E. H. Forbush and 

C. H. Fernald. Many of the facts given in the above account have been 

taken from this valuable work, which also contains a very complete 

bibliography of the insect. This work renders a bibliography unnecessary 

in connection with the above brief notice. | 

Ypsolophus pometellus Harris 

PALMER WORM 

Ord. Lepidoptera: Fam. Gelechiidae 

The outbreak of this insect in certain parts of New York state last 

summer was unusual though not unprecedented. My attention was 

first called on June 13 by J. F. Rose, voluntary observer for Genesee 

county, to the serious injuries by this insect. Specimens were sent at 

this time and also about a week later. The condition of the foliage and — 

young fruit then is well shown on pl. 2, fig.5, Mr Rose stated that 

the crop in this orchard of 300 trees was a complete failure, though the 

trees had bloomed well. He found palmer worms in greater or less 

numbers in every orchard he visited but one, though as a rule the 

trees were not so badly affected as in the first. This pest was pres- 

ent in considerable numbers in many of the apple orchards of central and 

western New York and was the cause of complaints in the vicinity of. 

Albany, where some trees were seriously injured. 

Early history. This insect received the popular name of palmer 

worm in 1791, at which time it was abundant and destructive in New 

England orchards and forests, particularly in Cumberland county (Me.). 

Its ravages did not attract notice again for 62 years, when it was exceed- 

ingly numerous in all of the New England states and in eastern New 

York, at which time it came under the notice of Dr Harris, its describer, 

and Dr Asa Fitch, entomologist to the New York state agricultural 
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society. The latter was the first to publish a description of the larva, 

and, as the wrong moth was taken by him to be the parent, his name 

could not be retained for this insect. The true imago would also have 

been described by Dr Fitch had not Dr Harris anticipated him by a few 

days. Describing the damage in 1853, Dr Fitch states that the trees 

everywhere assumed a brown, withered appearance, looking as though 

they had been scorched by fire. He was also of the opinion that the 

widespread denudation of forest trees described by Kalm a century 

earlier was the work of this pest. The above shows most plainly that 

the insect may cause great damage, and, as the attack is so much later 

than that of several of the worst enemies of the apple, there is less 

chance of the tree being able to recuperate the same season. 

Description. The caterpillar is delicate appearing and is represented 

much enlarged in fig. t of pl. 2. It is about half an inch long when 

full-grown and is then usually of a pale green or a yellowish green: color. 

There is a subdorsal line of dusky color. The head may be either yel- 

lowish or black. ‘The larva is quite variable in coloring. 

The pupa, pl. 2, fig. 2, is slender and tapers to a spiny tip, It is about. 

one fourth of an inch long. 

The moth is quite variable in appearance, as is evident from the 

number of times it has been redescribed as new (see Bibliography 

p-965). Two of the more common forms are shown in fig. 3 

and 4 of pl. 2. The typical form is represented in fig. 3 and that 

described by Dr Fitch as the comrade palmer worm, Y. contuber- 

nalellus, in fig. 4. It is a delicate, little creature with a wing spread 

of a little over half an inch. The forepart of the insect is slightly ele- 

vated when it is atrest. ‘The original description by Dr Harris is as 

follows : 

Forewings ash-gray, sprinkled with blackish dots, three of which, 
larger than the rest, are placed triangularly near the middle; a dusky 
transverse band near the tips, and a curved row of seven black dots 
at the origin of the terminal fringe. Hind wings dusky with a leaden 
luster, black veins, and very long black fringes. Body and legs beneath 
yellowish white, with a luster of satin. Length from the forehead to 
the end of the closed wings ~, of an inch. Expansion of the wings 3 
of an inch. ; 

Life history. Not much has been recorded concerning the life his 

tory of this species, The eggs are unknown. The caterpillars are 

usually first seen about June 8 and disappear in early July. The little 

pests evince a preference for the more tender leaves and shoots and they 

are very active when disturbed. They may usually be found under a 

few threads of silk or in a sheltering fold of a partly eaten leaf or between 
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two held together by threads. Jarring of infested limbs will cause them 

to drop by a thread in much the same manner as do canker worms, 

Not infrequently a leaf is fastened to an apple, and the caterpillar works 

into the fruit under its protection. The character of the injury to the 

foliage and of the irregular holes eaten in the fruit is well shown in pl. 2, 

fig. 5. The insect pupates normally on the leaves, preferably in the. 

shelter of a folded one, though the pupa may frequently be found with 

no protection. It is prevented from falling by a few threads spun on the 

leaf in which its spiny tip is fastened.. The moths appear about ro to 12 

days later and undoubtedly hibernate, since Prof. Slingerland has kept 

them alive nearly to Noy. 1. If such be the case, the eggs must be laid 

in the spring, possibly on the unfolding leaves. 

This insect may be found on fruit trees, preferably apple, and is also 

credited with being injurious to a number of forest trees. The larva of 

the form described as Y. quercipominella fed on the oak apple, 

the gallof Cynips spongifica. 

Natural enemies. Little is known about these beyond the record 

by Dr Fitch, which states that numbers of these caterpillars are destroyed 

yearly by a small grub or maggot, which lives within the larva till full- 

grown, when it leaves its victim through a hole perforated in the side and 

spins a small, white, oval cocoon, which is commonly slightly attached 

to the surface of the leaf. Dr Harris observed that about 50% of the 

caterpillars were killed by this beneficial hymenopteron, It was possibly 

the same insect which was reared in small numbers from the specimens 

received from Albion. An example of this parasite was sent to Washing- 

ton (D. C.), where it was determined by Mr Ashmead as Dioctes 

[Limneria] salicicola Ashm., a species he described in 1890 

from a single specimen reared from a Gelechia larva in a willow gall 

takenin March 1872 at London (Ont.). This species is also known from 

Texas. The parasite is a minute black, four-winged fly with bright yel- 

low at the base of the antennae, on the under side of the fore part of the 

abdomen, and rufous legs, which are yellowish at the base. It is about 

4 mm long and its grayish white, almost cylindric cocoon is nearly 5 mm 

long and 2 mm in diameter (see pl. 2, fig. 7 and 8). Prof. Slingerland 

reared Apanteles perplexus Ashm. M.S., which he thinks may 

be the form alluded to in 1853 by Dr Fitch, whose description, so far as 

it goes, applies equally well to both parasites. 

Apparently quite resistant to arsenical poisons. The seri- 

ously injured orchard mentioned by Mr Rose was sprayed with paris 

green when the apples were as big as peas and again a week before the 
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_ outbreak was reported. It is quite possible that the spraying could have 

been done more thoroughly in the above cited instance, but the following 

can hardly be explained away so easily. E. L. Mitchell, Clarkesville 

(N. Y.) sprayed his trees as follows: before the buds opened with poi- 

soned bordeaux mixture, using one pound of paris green to roo gallons. 

This was followed by a spraying just before blossoming, again after the 

petals had fallen and then after the fruit had attained some size. Arsen- 

ate of lead and bordeaux mixture was used in the later sprayings. This 

treatment killed both the apple and forest tent-caterpillars (the latter 

were abundant in that section) but not the palmer worms. It is very 

probable that many of the last-named were killed by the above applica- 

tions, and that those which escaped were either feeding in the fruit or in 

the folded leaves; in either of these cases it would be practically impos- 

sible to poison them. 

Remedies. In spite of the evidence above detailed, this pest should 

yield to thorough spraying with an arsenical preparation. This will be 

most effective if applied early in June. The presence of this insect is 

another reason why arsenate of lead should be used more freely. We 

should expect the poison from earlier sprayings to remain on the leaves 

in considerable quantities ready for these later feeders. 

Dr Fitch mentions the use of a whale oil soap solution.’ A liberal and 

thorough application of this substance would undoubtedly kill many of 

these and other pests and would also be of some benefit to the trees on 

ccount of its fertilizing properties. 
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EXPERIMENTAL WORK WITH INSECTICIDES 

There has been during the past year a very great demand for precise 

information as to the best methods of fighting scale insects specially the 

San José or pernicious scale, Aspidiotus perniciosus Comst. 

Very little experimental work had been done on this insect in New York 

state before this year, and, as this serious pest had become established 

in several large orchards in the state, and as some owners were having in- 

different success in combating it, the state entomologist was almost com- 

pelled to take up this work. This is an exceedingly important matter, be- 

cause the San José scale has already showed itself not only hardy in our 

climate but capable of inflicting very serious damage. ‘The eradication 

of this insect is now an utter impossibility. The corps of nursery in- 

spectors of the state department of agriculture have been doing good 

work in detecting the presence of this insect and in destroying infested 

trees. In spite of allthis, inspection can not, nor does it attempt to, 

guaranty absolute immunity from the pest. There is always a chance 

of overlooking a few scales, and that, taken in connection with the greater 

chance of receiving scale on stock brought from other states, should render 

every purchaser very careful as to what and where he buys. The 

presence of this scale insect in orchards of such extent as to render hope- 

less the extermination of the pest is a strong indication that many fruit- 

growers will within a decade be compelled to fight this insect on their 
own premises or lose their crops. This pest has been established near. 

Albany some eight years or more, and during that period it has suc- 

ceeded in overrunning a small fruit orchard, where it has killed many cur- 

rant bushes and a number of trees, besides ruining others. It also oc- 

curs on adjoining premises, and has become established over so large an 

_ area that, even were this the only infested spot in New York state, 

which is far from the truth, nothing but the most heroic measures would 

stamp out the pest. The fruit. trees were young, and, owing to the ac- 

cessibility of the place, it was very good for experimental work in 

orchards. There are comparatively fewtrees grown in the vicinity of 

Albany, and, therefore there is little or no opportunity for work under 

conditions obtaining in a nursery, though some of the results are as 

valuable to the nurserymen as to the orchardist. 

The experimental orchard is a rectangul ar piece of ground about 75 

by 475 feet. It is arather light loamy strip extending over a slight knoll 

and having a southwestern slope toward the Hudson river, The general 

position of the trees, their size, variety and degree of infestation are 
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shown on pl. 3. Each tree received a number, which was retained 

throughout the experiment. Notes on the the condition of the individual 

tree precede the experimental records given under the various insecti- 

cides. All the spraying was done witha Gould kerowater sprayer, and 

the mechanical emulsions were those delivered by this excellent appa- 

ratus through a pair of cyclone nozzles. 

Experiments with kerosene against San J ose scale. This 
insecticide was applied in three strengths, 20 and 25% mechanical 

emulsions and undiluted. The treatment was given Ap. 11, at which 

time the buds had not started. | 

20% mechanical emulsion. 17 trees were treated with this kerosene 

mixture. Their condition at the time of spraying, Ap. 11, was as fol- 

lows. Trees 1 and 2 were large apple trees, slightly infested with the 

scale, The spraying apparatus was not adapted to treating large trees, 

and these two were included simply because they were in the field, and 

their treatment was more to keep the pest in check than for experimental 

purposes. Tree 3, a light oxheart cherry 12 feet high, was moderately 

infested with the scale. It was a vigorous tree, which had not suffered — 

to any appreciable extent from the pest. ‘Tree 8, a badly infested Lom- 

bard plum, was 14 feet high. Its vigor had not been seriously affected 

by the scale. Tree 9, a badly infested botan plum 1g feet high, was in 

about the same condition as tree 8. ‘Tree 10, a moderately infested 

beurre bosc pear, was 12 feet high. ‘Trees 11-14 are seckel pears; the 

first was about 9 feet high and moderately infested, the others were 

about 15 feet high and badly infested with the scale. The vitality of 

none of them had been seriously impaired. Trees 38-39, very. badly 

infested globe peachtrees, were 8 feet high. Tree 40, a badly infested 

Crawford peachtree, was ro feet high. Tree 50, a badly infested Idaho 

pear, was ro feet high. ‘Tree 51, a moderately infested botan plum, was 

10 feet high. Trees 52 and 53 were the same as 51, except that they 

were badly -infested and were 13 feet high. The spraying was as thor- 

ough as could be given without having large amounts of the oil and 

water run down the trunk. The work was done ona sunny, airy day. 

The next day it rained considerably and this was followed by more 

rain within a few days. 

Ap. 1g. Tree 3, the buds are bursting, and little or no kerosene is 

evident, though the bark is somewhat greasy. Trees 8-14. The kerosene 

is scarcely evident, and the bark is somewhat greasy. Trees 38-40. 

The kerosene is hardly evident. The buds are starting, and there are 

jiving cigar case-bearer larvae on tree 38, and eggs of the appletree tent- 
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caterpillar are hatching on tree 4o. Trees 50-53. ‘The kerosene is hardly 

apparent, and the trees are budding. 

May 11. Tree 3 is in full bloom (pl. 5), most conclusive evidence 

that the buds have not been injured by the insecticide. Tree 39 is 

more backward than 40. The former is much more infested with the 

scale than the latter. The full bloom of trees 3 and 51 is well shown on 

pl. 5, 7 which were taken May 12, 

May 14. ‘Trees 1, 2, 3, 8-14 are unharmed, the leaves are out well, 

and the blossomsare numerous. ‘Trees 38-40 area little more advanced 

than trees 36 and 37 (treated with 25% kerosene), except tree 39, which 

is in very bad condition on account of the scale. Tree 50. The leaves 

are Well out, abundant, and the blossoms are about to appear. ‘Trees 

51-53. The leaves are nearly out, and the rather abundant blossoms are 

almost past. 

May 28. ‘Tree 39 is in very bad condition, as half of the top is dead, 

the result in all probability of excessive infestation by the scale. Tree 

50 is healthy, the foliage is thick and bright green. 

July 2. The young had evidently begun to appear several days pre- 

viously, as a number were found in the white stage. The trees were all 

examined for the presence of living young, this being the surest test of 

the efficacy of the insecticide. Trees 3, 8-14. Young scales are abund- 

ant. Tree 38. Living young are comparatively few. Tree 39 had 

been removed. Tree 4o. Living young are numerous. Trees 50-53. 

Living young are very numerous. ‘This record shows most conclusively 

that a mechanical, 20% kerosene emulsion will not injure fruit trees when 

applied just before the buds open, and it also shows, unfortunately, that 

it does not kill the San José scale under these conditions. The young 

were produced in such large numbers that it was decided to give a sum- 

mer application. The vigorous condition of tree 8, photographed on this 

date, is shown on pl. 8 and is there compared with tree 93, which was 

photographed the same day. 

July 16. This was a dry, very warm, practically clear day and the 

above listed trees were sprayed with a 10% mechanical kerosene emul- 

sion. ‘There was a breeze most of the time, and the mixture evaporated 

very rapidly. In subsequent observations account must be taken of this 

treatment. 

July 19. The foliage of these trees was practically unaffected by the 

insecticide, and a large proportion of the tender young scales were killed. 

July 30. On trees 8-10 there were some living young, on trees 11,12, 

14, 38, 40 and 53 most of the scales were dead, on tree 13 only a part of 
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the scales were dead, and some scales were dead on trees 50 and 52; 

tree 51 was doubtful. 

Aug. 3, Tree 8. The young are abundant. Trees 9 and 1o. The 

young are rather few. Tree 11. The young are somewhat abundant. 

Trees 12-14. The young are very abundant, and the fruit is badly 

infested on tree 12. Trees 38 and 40 have some young scales. Trees 50 

and 51 are infested by many young, and on trees 52 and 53 the young 

are extremely abundant. 

Sep. 7. The young are very abundant on tree 3, and extremely so on 

trees 8-14. The young are very abundant on tree 38, and exceedingly 

so on tree 4o. ‘The latter is also true of trees 50-53. Tree 52 is favored 

with a number of specimens of Pentilia misella Lec., the minute 

ladybug which preys on the San José scale. 

Oct. 25. Examinations made at this time show that the insect is still 

breeding, and that the scale is much more abundant, some trees being © 

almost covered. 

25 % mechanical emulsion. Four trees were treated with this mixture 

on the same day and under the same conditions as in the preceding 

experiment with a 20 % mechanical kerosene emulsion. ‘Their condition 

at the beginning of the experiment, Ap. 11, was as follows.. Tree 23 was 

a very badly infested Howell peartree about ro feet high. Tree 24,a 

Kieffer pear g feet high, had few scales on it. ‘Tree 36, a globe peach 

12 feet high, was moderately infested. Tree 37 of the same kind was 1 3 

feet high and very badly infested. 

Ap.1g. The bark of tree 23 is rough, and the kerosene has soaked in 

largely. The insecticide is somewhat evident on tree 24, and the buds 

are starting. ‘Trees 36 and 37 show the presence of kerosene to a slight 

extent. 

May 11. Tree 23 looks hard. The leaves have appeared only near 

the tips of the twigs. There are many blossom buds, ‘Tree 24 looks 

fine. The numerous leaves are nearly out and there are many blossom 

buds. 

May 14. Tree 23 .1S aay, clad with leaves, though they are pretty 

well out. There are a few suckers and a few blossoms are opening. 

The leaves of tree 24 are well out and it has abundant blossoms. The 

many buds and leaves of trees 36 and 37 are starting well but they are 

not so advanced as in trees 33-35 (treated with 11% lb. Leggett’s whale 

oil soap to the gallon). The full bloom of tree 24, photographed this 

date, is shown on pl. 5. 
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May 28. ‘The leaves on tree 23 are still thin, but the weakness is 

doubtless due in considerable part to the large number of scale insects on 

the tree. 

June 20. Living scales were found on several of these trees, 

July 2. Young scales are rather abundant on tree 23, there are appar- 

ently none on tree 24. Few young scales are found on trees 36 and 37. 

July 16. The presence of living young on these trees shows that 25 % 

kerosene emulsion will not kill all the scales on dormant trees. This led 

to their being sprayed with a 10 % mechanical emulsion under the same 

conditions as those treated with the 20 % emulsion (see under the latter 

head). 

July 19. The foliage was uninjured, and no living young scales were 

found. 

July 30. Practically the same conditions obtained as on the 19th. 

Aug. 3. There were comparatively few young on tree 23, and on tree 

24 none were found. Some young scales were found on trees 36 and 37. 

Sep. 7. Young scales are abundant on tree 23, the leaves of which are 

partly curled. The tree looks pretty hard. There are very few or no 

young on tree 24, which is green and vigorous. Young scales are rather 

abundant on tree 36 and very abundant on tree 37. 

Oct. 25. There has been no material change except that the scale is 

more abundant. Tree 23 is in a very bad condition. 

Experiments with undiluted kerosene. It appeared very risky to spray 

with this substance ; consequently the number of trees treated was limited 

to three. Their condition at the beginning of the experiments, Ap. 11, 

was as follows. Tree 20 was a very badly infested Bartlett pear 8 feet 

high. Tree 21 was a very badly infested Howell pear g feet high. Tree 

107 was another badly infested Bartlett pear 8 feet high. 

Ap. 1g. The kerosene is somewhat evident on trees 20, 21 and 

hardly so on tree 107. 

May 11. Tree 20 is ina very bad state, but possibly this is due as much 

to the abundance of the scale, which almost covers the tree, as to the 

treatment given. The tips of several limbs show a few leaves starting, 

Many suckers have been thrown out at the base of the tree, and on these 

the leaves are farther out. Tree 21 is in almost the same condition. It 

is nearly covered with the scale and looks very bad. The leaves are be- 

ginning to appear at the ends of the twigs, and a few blossoms buds are 

opening. (pl. 4) The leaves are starting on the tips of some twigs on 

tree 107 and on its suckers. The suckers on these young trees, 20 and 

107, show to some extent how seriously the scales have affected them. 
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May 14. ‘Tree 20 has only a few tips and the suckers starting. Its 

condition at this time is represented on pl. 6. Tree 21 . The tips of most 

of the branches bear only a few leaves. There are very few blossoms, 

Tree 107. The leaves are starting on only a few twigs and suckers. 

May 28. Tree 20. Only four small twigs in the top have developed 

leaves, and these are small. The foliage of the suckers is vigorous, 

though light. Tree 21. The leaves are rather abundant for a tree treated 

with kerosene. The top of tree 107 is ee dead. The foliage of the 

suckers is rather vigorous. 

June 20, There are only a few ieaves in the top of tree 20. The 

suckers were trimmed down to one. ‘The leaves out pretty wellon some 

branches and a number of others are dead. Suckers are being thrown 

out, and the tree may eventually recover. The top of tree 107 died 

and was cut off. 

July z. There are apparently no living scales on trees 20 and 107; on © 

tree 21 they are rather abundant. For cond ition of tree 21 at this time 

see pl. 4 

Aug. 3. There are apparently no living young on tree 20, and but a 

few on tree 21. Many living young are found on tree 107. 

Sep. 7. The top of tree 20is dead and the suckers are growing rather 

vigorously. Young are abundant on tree 21. Tree 107 was cut back, 

and only the stump remains. 

Oct. 25. Even the suckers of tree 20 are in bad condition and 

appear to be dying back. ‘There are many suckers on tree 21, and con- 

siderable scale, but it is not in very bad condition. 
4 

Experiments with crude petroleum against San Jose scale. 
Considerable has been said in recent months about the value of crude 

petroleum, and one entomologist has stated, in giving his conclusions 

regarding its effects on fruit trees, that this substance “is harmless to the 

most tender varieties and on the youngest trees.” This opinion has since 

been modified, it is only fair to state. Crude petroleum is undoubtedly 

a valuable insecticide when its use is understood, and when a product 

with a definite composition can be secured. Very diverse results have 

been obtained by experimenters with this material, and some of them, 

at least, can undoubtedly be charged to the difference in composition of 

the petroleum. Crude petroleum, as now placed on the market, is a 

mixture of the product of a number of wells, the proportion of oil from 

each varying with the productivity of the well and influencing the com- 

position of the whole to some extent, at least. The oil used in the 

(ear << area. 8 =. ie 
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following experiments is such as may be obtained of the Standard oil 

-co., and a sample of it sent to Dr Smith the following December tested 

‘but 370 on the Beaume oil scale. Crude petroleum purchased at this 

time of the same firm and presumably from the same source tested 41.50. 

The agent asserts this oil to be of fairly constant composition, but that - 

appears to be an open question. Itis very probable that we must havea 

product of more constant composition before the most satisfactory results 

can be obtained in its use as an insecticide. 

Experiments with 20 and 25 % mechanical emulsions and with the 

undiluted product were tried and the results are detailed below. 

20 % mechanical emulsion. This was given a thorough test on 23 

trees. Their condition at the beginning ofthe experiment, Ap. 11, was 

as follows. Tree 4, a wild cherry 4 feet high, was infested with but few 

scales. Tree 5, a Crawford peach 12 feet high, was moderately in- 

fested with the scale. Tree 6, a Crataegus 10 feet high, was infested 

with .but few scales. Tree 7, a botan plum about g feet high, was 

moderately infested with the scale. Trees 15 and 16, seckel pear, were 

‘badly infested, the former 14 and the latter 8 feet high. Trees 17 and 

18, an early, unnamed pear 18 feet high, were infested with but few scales. 

Tree 19, a Bartlett pear 15 feet high, was badly infested. Tree 22, a 

Howell pear 10 feet high, was very badly infested. Tree 25, a beurre bose 

pear 8 feet high, was very badly infested. Trees 26 and 27, Kieffer pear 

ao feet high, were rather badly infested. Tree 28, a seckel pear to 

feet high, was very badly infested. Tree 41, a Crawford peach 11 

feet high, was badly infested with the scale. Trees 43-45 and 47, old 

Mixon peach between 11 and 12 feet high, were all badly infested, tree 

43 being graded as very badly infested. Tree 46, a champion quince 

6 feet high, was infested with but few scales. Tree 48, a crab-apple 8 

feet high, was infested with but few scales. ‘Tree 49, an abundance plum 

to feet high, was badly infested with the scale. 

The spraying with crude oil was under the same conditions as when 

kerosene was used. It was bright, sunny, airy weather which was 

followed the next day by heavy rains, and this by more within a few 

days. The spraying was asthorough as possible without going to the 

trouble of waiting for the windin opposite directions, something hardly 

practicable when the orchard was two miles distant. The treatment was 

probably more thorough than that with kerosene, because the crude oil 

is easily seen, and a small area skipped is therefore very apparent, 

which is not true of kerosene on account of the rapid evaporation of 

the latter. 
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Ap. 1g. Trees4-7. The petroleum is well distributed and is quite evi- 

dent. Trees 15-19, 25-28, 41-49 are about as 4~7 except that the buds 

are starting, and that the petroleum is very abundant on trees 48 and 49, 

and is quite evident on tree 22. 

May 11. Tree 22 is very hard-looking, but the leaves near the tips — 
of the twigs are nearly out, and there are a number of blossoms opening. | 

Tree 25. One branch has relatively few leaves which are out. The other 

branches are dead, probably from the effects of the scale, which was ex- 

ceedingly abundant. This tree was a very bad-looking one to begin with. 

Trees 26-28. The leaves have started well, and the blossoms are be- 

ginning to appear. Trees41-47. Many of the blossoms have come out, 

the leaves are appearing. The trees are oily and can be distinguished 

from the others at some distance. 

May 14. ‘Trees 4-7 are apparently unharmed by the petroleum, which 

shows well. Tree 5 has quite a number of blossoms out and the leaves. 

are just starting. ‘Tree 7. The leaves are well out and the blossoms are 

nearly past. Trees 15-19. The leaves have started well and the blos- 

soms are numerous, except on trees 17 and 18, which are a different 

variety. The full bloom and starting leaves of tree 15 are shown in pl. g. 

On tree 22 the leaves are rather thin but they are pretty well started. 

There are only a few blossoms. Several suckers have appeared. The 

scale on tree 25 was very bad, and the leaves have appeared on but one 

Short branch. Blossoms are nearly out and are abundant on trees 26-28. 

The leaves are rather plenty and pretty well developed. Tree 41 has 

many blossoms and small leaves. Trees 42-45 and 47. The numerous. 

buds are partly opened and the leaves are starting. On trees 46 and 48 

the leaves are well out. Tree 49. The leaves are about half out and 

the numerous blossoms are nearly past. 

May 28. The leaves of trees 22 and 25 are rather scarce, small and 

pale. Both trees were very badly infested. ‘Trees 48 and 49 are healthy 

and the leaves are abundant. ‘Tree 5 presents a ragged appearance, and 

several limbs have failed to develop leaves. 

July 2. There are apparently no living young scales on trees 4-7, 26, 

27, 46,48 and 49. A very few are found on trees 15-19, 28, 29, 41, 42, 

44 and 45. They are somewhat abundant or numerous on trees 22, 43 

and 47. | 

Aug. 3. Very few or no living young are found on trees 15-19, 41- 

49 and comparatively few on trees 4—7 and 22. 

Sep. 7. Very few or no living young are found on trees 5, 6, 18, 19, 

26, 27,48 and 49. A few living young occur on trees 7, 16, 17, 25 
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and 42-46. The young are rather abundant on trees 41 and 47, and are 

numerous on tree 15, specially on the side next tree 14, which was treated 

with 20 % kerosene emulsion. The young are abundant on trees 22 and 

28, both of which were very badly infested at the start. 

A most interesting sight is the hosts of young present on a tree set in 

between trees 7 and 8 after the orchard had been sprayed. The trunk 

is almost white with young in places, showing the condition the other 

trees might have been in but for the treatment. 

Oct. 2s. There are naturally more insects on these trees than there 

were Sep. 7. For example, the young are numerous on some of the 

twigs of tree 28, but, compared with the kerosene treated trees, their con- 

dition is most excellent. 

Experiments with 25 Y% mechanical emulsion, The condition of the 

trees at the time of spraying, Ap. 11, was as follows. Tree 55, a beurre 

bosc pear about 10 feet high, was badly infested with the San José scale. 

Trees 56-61, all seckel pear, were about 14 feet high with the exception of 

trees 57 and 58, which were about 10 feet high, and were all badly infested 

with the scale except tree 56, which was moderately infested. Trees 78, 

79, globe peach trees, were about 14 feet high. The former was badly 

and the latter moderately infested with the scale. The spraying varied 

only from the preceding experiment in the per cent of petroleum. 

Ap.ig. The petroleum is very apparent on trees 55-61, 78 and 79, 

and the buds are starting on trees 56-68, 78 and 79. 

May 14. ‘Tree 55 has its leaves pretty well out and only a few blos- 

soms. ‘The leaves of trees 56-61 are pretty well out and abundant, ex- 

cept on the more badly infested trees, 58-61, tree 61 being specially bad. 

Trees 78 and 79 have abundant leaves about half out and numerous 

blossoms. 

May 28. The leaves of tree 61 are rather thin, but this evidently is 

due to the abundance of the scale, as the foliage of trees 55-60 is much 

thicker, and they are fortunate in the possession of much less scale. 

July 2. No living young are found on trees 55-57 and but few on 

trees 58-61. They are rather numerous on trees 78 and 79. 

Aug. 3. There are very few or no living young on trees 55-57, 78 and 

79 and comparatively few on trees 58-60, and on tree 61 they are some- 

what abundant. This tree was in an extremely bad state to start with. 

Sep. 7. Very few or no living young on trees 55~57, 78 and 79. Scales 

are rather abundant on trees 58-61. 

Oct. 25. The conditions are practically the same as obtain in those 

sprayed with the 20 % emulsion. 
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Experiments with undiluted oil, Four trees were treated with crude 

oil. The number was limited because it was considered rather 

hazardous to use this material. The condition of the trees at the be- 

ginning of the experiment was as follows. Tree 93, a Lombard plum 

14 feet high, and tree 94, a botan plum ro feet high, were both moder- 

ately infested. with the scale. Tree 1oz, a seckel pear g feet high 

and tree 114, a seckel pear 12 feet high, were both very badly infested 

with the scale. The spraying was done under conditions identical 

with the preceding. Trees 93 and.94 were sprayed very thoroughly 

and possibly may have received more oil than the others. 
Ap. 19. The petroleum is very apparent on trees 93, 94, 10r and 

114, which were well covered. The buds are starting on tree ror. 

The condition of tree 114 at this time is shown on pl. 6. 

May 11. Tree 93 is retarded considerably and has relatively few leaves 

and blossoms (pl. 7). Tree 94 is killed back to the limbs about 

one third of aninch in diameter. The buds are just starting. Tree 

tor is very backward, the leaves and blossoms are just starting. 

‘Tree 114 has only a few leaves appearing at the tips of the twigs. For 

a photograph of tree ror, taken May 12, see pl. g. 

May 14. ‘The leaves of tree 93 are much thinner and more backward 

than on adjacent trees. There are few blossoms. Only a few buds are 

starting on tree 94. All the smaller limbs are killed back. Only a few 

leaves and blossoms are starting at the tips of the branches. of tree rot. 

A few leaves are partly out at the tips of the branches and but few blos- 

soms occur on tree 114. 

May 28. The leaves are out considerably on tree 93, but the foliage 

is still much thinner than on other trees. The oil is very apparent on the 

trunk and limbs. Tree 94 has developed one weak leaf. Some twigs 

are still green beneath the outer bark. There are a very few pale, under- 

sized leaves on the tips of the branches and a few leafless limbs on tree 

FOr: | 

June 20. The leaves are much thinner on tree 93 than on others adja- 

cent. The lateral buds have suffered most. The petroleum is very evident 

on the bark. Tree 94 is dead. Tree 101 hasonly a few bunches of pale 

green leaves on four limbs and on the suckers. Many of the lateral 

buds on tree 114 are killed. The shoots are growing well but the 

foliage is thin. Adventitious buds are developing. 

July 2. Trees 93, 1o1, 114 have a few living young scales. The 

condition of tree 93 is represented on pl. 8, which should be compared 

with the other figure, showing the condition of a companion tree, 
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no. 8, which was treated with 202 mechanical kerosene emulsion. 

The effects of crude petroleum on tree 1o1 are well shown on pl.1o. 

Several limbs on tree 114 have few or no leaves (see pl. 10). 

Aug. 3. Tree 93 is nearly dead. Dried leaves are hanging from the 

limbs, though the bark on the trunk is green up to about four feet from 

the ground. A sprout is starting from the base of the tree, and Scolytus 

rugulosus beetles are attacking it. Tree roz is developing many 

suckers and a number of the old limbs are dead. Very few or no living 

young scale insects can be found on the young wood. There are few or 

no young scales on tree 114. | 

Sep. 7. Tree 93 is dead. Few or no young scales can be found on 

tree ror. Several limbs are dead. There are a few living young scales 

on tree I1I4. 

Oct. 25. The conditions are nearly the same as on Sep. 7. 

The above is a ghastly record for a substance which has been pro- 

nounced “harmless to the most tender varieties and on the youngest 

trees.” It was therefore with great pleasure that I availed myself of the 

opportunity to watch the outcome of several experiments tried by L. L. 

Morrell, of Kinderhook (N. Y.). Crude petroleum was painted on the 

trunks of some of the young trees, top-worked with Sutton beauty 

apples, and later, Ap., the tops of the trees were sprayed with a 25% 

mechanical emulsion of crude petroleum. Many of the lateral buds in 

these trees were dead May 21 and the foliage looked sickly. Since then 

portions of some of the trees have died. Their injury was in all prob- 

ability caused by the liberal amount of oil put on with the brush. June 

20 Mr Morrell reported that the tops of some of these trees had com- 

menced to die, and that a number of them looked sickly. The results of 

painting a tree-top worked with Sutton beauty with crude petroleum 

about the middle of February is well shown on pl. 11, which was taken 

May 21. The foliage was very thin, and the leaves were small and 

unhealthy. June 2, with few exceptions, they looked well, as stated by 

Mr Morrell. 

The most disastrous results were seen in the king trees painted with 

crude petroleum Dec. 1, 1899. One was photographed May 21 (pl. 11) 

and was then nearly dead. June 20 the trees so treated were dead 

to all appearances. 

d : : , 
Experiments with whale oil soaps against San Jose scale. 

Two makes of this insecticide were experimented with and the results. 

compared. One was Good’s caustic potash whale oil soap no. 3, and. 
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the other was Leggett’s anchor brand. The same apparatus was used as 

in the preceding experiments, and, as the work was done on the same 

day, Ap. 11, the conditions were practically the same. 

Good’s whale oil soap no. 3, 1% pounds to the gallon. Seven trees 

were treated with this strength of the insecticide on the same day and 

under the same conditions as in the preceding experiments. Their con- 

dition at the beginning of the test was as follows. Tree 29, a globe 

peach 6 feet high, was badly infested with San José scale. Trees 30 and 

31, the same kind and 1o feet high, were infested with but few scales, 

while tree 32, 14 feet high, was moderately infested. Trees 108 and tog, 

Bartlett and beurre bosc pear 7 and 1o feet high respectively, were 

moderately infested, and tree 110, a Kieffer 10 feet high, was rather 

badly infested. 

Ap. 19. Trees 29-32 have a moist appearance. ‘The buds are start- 

ing. The soap is hardly apparent on trees 108-110. The buds are 

starting on 110. 

May 11. ‘The leaves are nearly out, and there are many blossoms on 

trees 108 and 110. The foliage is not quite so advanced on tree 109 

and there is no bloom. 

May 14. ‘The leaves are starting well and there are many blossoms 

on trees 30-32. There are no flowers on tree 29. The leaves are 

pretty well out on trees 108-10. The full bloom on tree 110 is shown 

on pl. 6. 

July 2. There are very few living young on tree 29, apparently none 

on tree 30, and but few on trees 31, 32 and 108-10. 

Aug. 3. No living young were found on tree 29, and a few only on 

trees 30-32, 109 and 110. Many living young were found on tree 108. 

Sep. 7. Very few living young were found on trees 29 and 110, a 

few on trees 30, 31 and 109, and many on trees 32 and 108. 

Good's whale oil soap no. 3,2 pounds to the gallon. Six trees were 

treated with this solution. Their condition at the beginning of the ex- 

periment was as follows: tree 69, a Howell pear g feet high, tree 70, a 

Clapp’s favorite 12 feet high, and tree 71, a Flemish beauty 6 feet high, 

were all very badly infested with the San José scale. Tree 86, a Craw- 

ford peach ro feet high, was moderately infested with the scale. Tree 

87, an old Mixon 12 feet high, was very badly infested, and tree 88, 
same kind and size as the preceding, was badly infested with the scale. 

Ap. 1g. The soap is apparent and rather moist on tree 69, while on 
trees 70 and 71, it is rather dry. The soap is very apparent on 
trees 86-388. 
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May 11. Tree 69. The leaves are partly out and there are a few 

blossom buds. The leaves of tree 70 are farther out and there are many 

blossom buds. Tree 71 is dead. There are many blossoms on trees 86-— 

88, and the leaves are starting, but trees 86 and 87 are a little later 

than 88. 

May 14. The leaves on tree 69 are half out andrather abundant. The 

blossoms are few. The tree has been badly injured, probably by the ex- 

cessive abundance of the San José scale. The leaves are half out on tree 

7o and there are many blossoms. The numerous leaves are starting and 

the bloom is abundant on trees 86-88. 

July 2. Living, young scales are very abundant on trees 69 and 7o. 
A few living scales are found on tree 86 and rather few on trees 87 
and 88. ‘ 

July 16. These trees were apc with Good’s whale oil soap solu- 

tion as before, except that one pound was used for each five gallons. The 

day was very warm, practically clear and with a breeze most of the time. 

July 30. On tree 69 there are apparently no living scales, and on 

trees 70, 86-88 most of the young scale insects appear to be dead. 

Aug. 3. Living young are rather abundant on trees 69 and 7o. 
There are very few or no living young on tree 86. They are rather 
abundant on tree 87, and but few on tree 88. 

Sep. 7. Living young are very abundant on all this lot of trees, 
specially on 70. 

Leggelt’s anchor brand, 13 pounds to the gallon. Six trees were 
treated with this strength of the insecticide. The conditions and time 
were the same as in the preceding experiments. Trees 33-35, globe 
peach respectively 16, 14 and 13 feet high, were moderately infested with 
the San José scale except the first, which. was fortunate in having but 
few.of the pests. ‘Tree 111, a Kieffer pear 8 feet high, was infested with 
but few scales. Tree 112, a beurre d’Anjou 7 feet high, was moderately 
infested, and tree 113, a 10 foot pear of the same kind, was apparently 
free from the scale. 

Ap. 19. Trees 3335, 111-13, have a white, dry appearance, very 
different from the moist condition of those treated with Good's soap. 

May 11. Leaves have started on tree 111, are just starting on tree 

112 and are out a little way on tree 113. The buds of all are uninjured. 

and the trunk and limbs are considerably whitened by the soap. 

May 14. There are many blossoms on trees 33-35 and the leaves are 
starting well. The leaves are out pretty well on trees r1z and 11 3, and 
the blossoms are open and very abundant. The leaves are thin and but 
half out on tree 112 and there are no blossoms. 
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July 2. There are few living young on trees 33, 34, 111 and 112, and 

apparently none on trees 35 and 13. 

Aug. 3. A few living young are found on trees 33 and 34 and none 

on trees 35, 111-113. 

Sep. 7. Living young are rather abundant on trees 33-35, and none 

are found on trees 111-13. : 

Leggett’s anchor brand, 2 pounds to the gallon. Six trees were treated! 

with this insecticide. The conditions and time were the same as in the 

preceding experiments, with the exception of tree 89, as noted below. 

Tree 72, a Flemish beauty pear g feet high, was exceedingly infested’ 

with the San José scale. Tree 73, a Howell pear 12 feet high, was very 

badly infested, and tree 74, a beurre bosc pear 13 feet high, was but 

moderately infested. Trees 89-91, old Mixon peach trees 10, 12 and 

15 feet high respectively, were all badly infested with the scale. There 

was not enough of the insecticide to spray the whole of tree 89, and a 

part of it was treated with Good’s whale oil soap no. 3. 

Ap. 19. Trees 72-74 and 89-91 are nearly white with the insecticide 

and appear much drier than those treated with Good’s soap. 

May 11. ‘Tree 72 is dead, evidently on account of the extreme in- 

festation with the San José scale. Old scales are peeling from tree 73, 

which is still rather white with the soap. Tree 74 is also white with the 

insecticide. ‘The blossoms of trees ae -—gI are opening and the young 

leaves are appearing. 

May 14. The blossoms are open and very abundant on trees 73 and 

74 and the leaves are pretty well out. The blossoms and leaves are 

abundant and starting on trees 89-91. 

July 2. Living young scales are numerous on tree 73, and there are 

apparently none on tree 74. Very few living young are found on trees. 

89 and go, and a considerable number on tree gt. 

July 16. Trees 72-74 and 89-91 were sprayed with Good’s whale 

oil soap no. 3, 1 pound to 5 gallons. The day was warm, practically 

clear and with a breeze most of the time. 

Aug. 3. Living young scale insects are hardly abundant on tree 73, 

and there are few or none on tree 74. There are but few living young 

on trees 89-91. 

Sep. 7. Living young are rather abundant on tree 73, and there 

are but few on tree 74. Living young are extremely abundant on tree 

89, and very abundant on trees go and g1. 
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_ Experiments with a whale oil soap and crude petroleum com- 

bination against San J ose Scale. A combination of these two in- 

secticides was triedon1s5 trees. The whale oil soap was used at the rate 

of 1 pound to 4 gallons of water, and this solution was poured into the 

barrel of the kerowater sprayer. Crude petroleum was put in the oil 

tank, and the pump set to deliver 10% oil. The mixture was pretty 

well emulsified in passing through the nozzles. This spraying was done 

Ap. 20, but otherwise the conditions were the same as in the preceding 

experiments. The condition of the trees at this time was as follows: 

Trees 62 and 63, early pear 8 and 12 feet high respectively, were but 

moderately infested with the San José scale. Trees 64-66, Bartlett 
pear 14 feet high, were respectively, badly, moderately and very badly 

infested with the scale. Tree 67, a Howell pear 12 feet high, was very 

badly infested, and tree 68, a Vermont beauty pear ro feet high, was 

quite badly infested. Trees 75-77, the first a Crawford andthe others 

globe peach, respectively 10, 9 and 14 feet high, were infested with but few 

scales, except tree 77, which was moderately infested. Tree 96, a beurre 

d’Anjou pear g feet high, was infested with but few scales. Trees 97- 

100, seckel pear 10 feet high, were all badly infested, except 99, which 

was but moderately infested. 

May 11. ‘Tree 67 appears dead, probably from the effects of the scale, 

as it was very badly infested in the early spring. Tree 68. The leaves 

are nearly out and there are many blossom buds opening. 

May 14. Tree 62. ‘The leaves are vigorous, nearly out and there are 

afew blossoms. Tree 63. ‘The foliage is appearing more irregularly than 

in the preceding, some leaves are nearly out and others just starting. The 

leaves are pretty well out on trees 64 and 65, and the numerous blossoms 

areopen. The leaves on tree 66 are scattering, partly out and there are but 

few blossoms. The tree is very badly infested. Tree 67 has died, undoubt- 

edly in consequence of severe injury by the scale. The leaves on tree 

68 are pretty well out, though rather scattering, and the abundant blos- 

soms are open. The presence of large numbers of the scale accounts for 

the unsatisfactory condition of the tree. The leaves and buds are just 

starting on tree 75. The leaves are unfolding and the blossoms are well 

out on tree 76 (pl. 12). The leaves are pretty well started and the 

blossom buds are rather few on tree 77. The leaves on trees 96-100 are 

pretty well out, though rather scarce on tree 96. There are few blos- 

soms on tree 97 and many on trees g8-100. PI. 12 also shows the 

condition of tree 98. 
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May 28. ‘The leaves on tree 66 are rather thin and small and largely 

at the tips of the twigs. The entire top of tree 67 is dead, but the buds 

are starting on the trunk. 

June 20. Living young scales are found on tree 66. 

July 2. A few living young scales are found on trees 62-64, 67, 75, 

76,97 and 98. They are rather abundant on trees 65, 77, 96, 99 and 
roo, and very abundant on trees 66 and 68. 

July 16. Trees 62-68 are sprayed with Good’s whale oil soap no. 3, 

using 1 pound to 5 gallons of water. 

July 30. All the scales are apparently dead on trees 62 and 67, and 

most of them have been killed on trees 63 and 64, some are dead on 

trees 65 and 66, and on tree 68 the result is doubtful. 

Aug. 3. There are very few or no young on trees 62, 63, 67, 75, 97 

and 98, and few on trees 76, 77, 96, 99 and roo. Living young are 

rather numerous on the badly infested limbs of trees 64 and 65 and are 

abundant on trees 66 and 68. 

Sep. 7. There are few living young on trees 62, 96, gg and roo and 

very few on trees 63, 75-77, 97 and 98. They are very abundant on 

trees 64, 65 and g5 and exceedingly so on trees 66 and 68. The latter 

was in an exceedingly bad condition last spring. Tree 67 has been cut 

back to a mere stump. 

Fumigation with hydrocyanic acid gas, for San Jose scale. 

A series of tests were made with this substance for the purpose of ascer- 

taining its efficiency and practicability in this latitude. A canvas tent 

6x6x8 feet with a fixed pyramidal hood 7 feet high was constructed of 8 | 

ounce duck thoroughly oiled with boiled linseed oil. The rectangular 

part of the tent was supported on a light, wooden frame in order to reduce 

the variation in cubic contents as much as practicable. The tent was 

lifted with a 30 foot pole and an 8 toot gaff, and thus dropped over the 

tree to be fumigated. The hood was kept extended during the process of 

fumigation as shown on plate 13, which also illustrates the manner 

of guying the pole and tent. The tent and apparatus for handling it cost 

$38. A number could undoubtedly be made for less pro rata. Prof. W. 

G. Johnson states that such tents can be procured in Maryland for $12, 

which is much lower than any figure quoted in Albany, but probably this 

would not holdin Maryland since the marked advance in prices. A farmer 

could get a good pole and gaff from near-by woods at much less than the 

market price. The bottom of the tent was provided with a sod cloth, a 

flap some 6 to 8 inches wide, which was covered with earth in order to 
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prevent leakage of the gas at the bottom. A short, uncovered space was 

always left, preferably on the windward side, for the insertion of the 

chemicals, which were put in a stoneware crock. The necessary amount 

of sulfuric acid was diluted by turning it into the proper amount of 

water, taking care to keep the water stirred while adding the acid. The 

crock containing the diluted acid was then placed near the center of the 

tent but not close to the tree, and the potassium cyanid, previously put 

in a small bag, was dropped into the acid. The uncovered portion of the 

sod cloth was quickly buried with earth and the gas allowed to act about 

35 minutes. The lines guying the tent were then released, the sod cloth 

uncovered and the tent quickly raised and dropped over an adjacent 

tree. It is quite important to have the pole on the windward side ot the 

tent so far as possible, and every precaution should be taken to avoid in- 

haling the deadly gas. 

The trees were fumigated Ap. 19, 20 and 21, using 1 ounce of potas- 

sium cyanid to 75, 100 and 150 cubic feet of space respectively. It was 

planned to fumigate all the trees in one day, but a good breeze and 

trouble with the outfit compelled the extension of the work over a space 
of three days. 

One ounce of cyanid to 150 cubic feet. Four trees were treated with the 

gas, using 1 ounce of cyanid of potassium to 150 cubic feet of space. 

The condition of the trees prior to the beginning of the experiment was 

as follows. ‘Tree 84, a globe peach g feet high, was moderately infested 

with the scale. Tree 85, an old Mixon peach 12 feet high, was badly in- 

fested with the scale. Tree 106, a Vermont beauty pear ro feet high, was 

moderately infested, and tree 115, a Bartlett pear 11 feet high, was badly 

infested. : 

Ap. 20. Tree 106 was treated. The buds were starting a little. The 

day was bright, and the exposure to the gas was from 2.35-3.10 p. m. 

Equal amounts of the cyanid and sulfuric acid were used and thrice the 

amount of water, the two latter being measured in liquid ounces. 

Ap.2t. It was cloudy and still while the fumigation of these three 

trees was in progress. Tree 84 was fumigated from 9.44-10.19 a. m., 

using 2} ounces of cyanid, 33 ounces of sulfuric acid and 7} ounces of 

water. This reaction was perfect as the cyanid was turned from the bag 

into the diluted acid. The buds were starting a little. Tree 85 was 

fumigated from 9.02-9.37 a. m., the same amounts of the chemicals being 

used as with tree 84. The reaction was very poor, only a part of the 

cyanid being acted on, which was probably on account of the protection 

afforded by the bag. Tree 115 was fumigated from 10.49-11.24 a. m., using 
the same amounts of chemicals as on the preceding two. 
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May 11. Trees 84 and 85 are blossoming pretty fully and the leaves 

have started well. The leaves are nearly unfolded on tree 106 and there 

appear to be few blossoms. The leaves are just starting on tree 115. 

May 14. The abundant blossoms are out on tree 84, and they have 

started well on tree 85. The rather abundant foliage is pretty well 

developed on tree 106 and the blossoms are somewhat abundant. The. 

rather scattering leaves on tree 115 are pretty well out. This last tree 

was rather badly infested at the beginning of the experiment. 

July 2. No living young scales were found on trees 84 and 106 and 

but very few on trees $5 and 115. 

Aug. 3. There were no living young scales to be found on trees i 85 

and 106, and but very few could be found on tree 115. 

Sep. 7. Very few living young scales were found on trees 84 and 115, 

and but few on trees 85 and.106. : 

I ounce of cyanid to 100 cubic feet. Four trees were treated with gas, 

using 1 ounce of cyanid potassium to roo cubic feet of space. The con- 

dition of the trees prior to the beginning of the experiment was as fol- 

lows. ‘Trees 82 and 83, globe peach 13 feet high, were both badly in- 

fested with the San José scale. Trees 104 and 105, Bartlett pear abaian 

12 feet high, were moderately infested with the scale. 

Ap. 20. The day was bright while the trees were being fumigated. 

The buds of all were starting a little. Tree 82 was subjected to the 

action of the gas from 11.58 a.m. to 12.33 p.m. Tree 83 from 1.45— 

2.20 p. m., tree 104 from 9.27—-10.03 a. m., and tree 105 from 12.65_1.30 

p. m. Equal quantities of cyanid and sulfuric acid and thrice the 

amount of water were used. 

May 11. Trees 82 and 83 show that they will be pretty well supplied 

with blossoms, and the leaves are starting well. The blossoms are few 

on trees 104 and 105 and the leaves have not unfolded entirely. 

May 14. The leaves and blossoms of trees 82 and 83 are starting well, 

the latter being abundant. The leaves are pretty well developed and 

abundant on trees ro4 and 105, though blossoms are somewhat scarce. 

July 2. No living young scales were found on trees 82, 83 and ro5 and 

very few on tree 104. 

_ Aug. 3. No living young scales were found on any of these trees. 

Sep. 7. No living young were found on trees 82 and 104 and very few 

on trees 83 and 105. 

I ounce of cyanid to 75 cubic feet, Four trees were treated with gas, 

using 1 ounce of cyanid of potassium to 75 cubic feet of space. The con- 

dition of the trees prior to the experiment was as follows: Trees 80 and 
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81, globe peach 12 feet high, were but moderately infested with the 

San José scale. Tree 102,a beurre bosc pear to feet high, and tree 103 

an Idaho pear 13 feet high, were respectively, moderately and very badly 

infested with the scale. The buds had started a little when these trees 

were treated. _ 

Ap.1g. Tree 102 was subjected to the action of the gas from 10.47- 

11.23a.m. The day was bright. 

Ap.20. ‘Tree 80 was fumigated from 11.58 a.m. to 12.23 p. m., while 

the sun was partly obscured. ‘Through accident not all the cyanid was 

turned into the acid. 

Tree 81 was fumigated from 11.10-11.45 a.m., and tree 103 from 

10.20-10.57 a.m. ‘The sun was bright during both of these treatments. 

Equal amounts of cyanid and sulphuric acid and thrice the amount of 

_ water were used in fumigating trees 81, 102 and 103. 

Mayr. Trees 80 and 81 will apparently develop a goodly number 

of blossoms, and the leaves are starting well. There will be few blossoms 

on tree 103. The leaves are nearly extended. 

May 14. ‘The leaves and blossoms on trees 80 and 81 are starting 

well, the latter being abundant. The leaves are pretty well developed 

and rather abundant on trees 102 and 103, and on the former blossoms 

are somewhat scarce, but they are numerous on the latter. 

July 2. No living young scales can be found on trees 80 and 103 and 

but very few on trees 81 and Io2. 

Aug. 3. Noliving young scales are found on any of these trees at 

this time. 

Sep. 7. Very few living young are found on- trees 80 and 81, none 

on tree 102 and but few on tree 103. 

Conclusions 

Kerosene. ‘The experiments with kerosene show beyond question that 

neither a 20 nor a 25% mechanical kerosene emulsion can be relied on 

to kill dormant San José scales in this latitude, though either can be used 

in early spring with comparative safety to the tree. A summer applica- 

tion of a 10% mechanical kerosene emulsion does not injure the trees 

appreciably, and is a valuable aid in keeping the pest in check, but the 

treatment should be repeated every 10 days, beginning about June 15 

and continuing into September, in order to obtain the best results. The 

experiments with undiluted kerosene are hardly satisfactory, for the reason 

that few trees were involved, and these were in bad condition on account 

of scale injury. The oil did not cause as much injury as was expected, 
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and it was also not entirely effective in killing the scale. Its use can not 

be recommended at present. | 

Crude petroleum. ‘The 20% mechanical emulsion of this substance’ 

easily stands as one of the most satisfactory sprays to be used on dor- 

mant scale insects in early spring. The trees appear to be uninjured by 

the insecticide, though possibly a little retarded, while a large proportion 

of the scales are killed, and on some trees it would appear as though 

every one had been annihilated. A study of the preceding records will 

show that all trees treated with this substance and having on them, July 2, 

- enough young to warrant the designation of “somewhat abundant or 

numerous” were badly or very badly infested with this scale to begin 

with. ‘That is, each of these trees was literally incrusted in places with 

the scale, and in the case of those classed as ‘“‘ very badly infested,” the 

incrus’ation was of considerable extent. It was found to be very 

difficult to throw enough oil on these places to kill the scale and at 

the same time avoid injuring the trees. Then some allowance must 

be made for imperfections in spraying. It is within possibilities 

to cover a tree with a nearly uniform coating of an insecticide, 

_ but in actual practice this is rarely done. It will also be noticed’ 

that in spite of some scales being found in early July, they are far 

from abundant a month later. The infestation is still kept down in- 

early September, though naturally greater than in August. ‘The reinfest- 

ation, to some extent, of petroleum-treated trees from adjacent ones is 

shown by the much greater numbers of living scales found on the side of 

tree 15, next to tree 14, the latter a kerosene-treated tree literally alive 

with the young pests. Compared with kerosene, a mechanical petroleum 

emulsion is a gratifying success. The tests with 25% emulsion do not 

give markedly different results from those of the more dilute mixture. 

Scales escaped on the badly and very badly infested trees treated with. 

this as well as with the other. The results are not enough better to 

warrant the use of the higher per cent of oil. It is a source of great 

pleasure to state that the extensive spraying of fruit trees infested by San 

José scale on the estates of L. L. Morrell, Kinderhook (N. Y.) and of 

W. H. Hart, Poughkeepsie (N. Y.) gave substantially the same results as 

those above recorded. Mr Hart used an oil obtained from the Frank 

oil co., Titusville (Pa.). The company states that the oil supplied Mr. 

Hart ran above 43° on the Beaume oil scale. A sample sent me in Feb- 

ruary 1gor, tests 44.9° and their oil is claimed to run from 44° to 

45°. Both of these gentlemen did thorough work and took 

pains to go over their trees_ twice,"the second time with the wind 
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blowing in a direction opposite to that in which it blew while the first 

spraying was in progress. An examination of their orchards Sep. 11 

showed that living scales were relatively very few, and that the trees were 

in excellent condition. The persistence of the oil on the trees for some 

weeks is unfavorable to the establishment of young scales, and this is 

undoubtedly a valuable aid in keeping the pests under control. 

It will be seen that even after spraying a tree with undiluted 

petroleum, a few scales may escape, doubtless because the oil failed to 

reach them for some cause or other. The effects on the trees indicate 

most clearly the necessity of the greatest caution in spraying with such 

oil. In fact, it can not be advised. ‘These trees were sprayed at a time 

when they should be most resistant, and several of them were in full 

vigor and had been scarcely affected by the pest, and they should there- 

fore, theoretically, be in better condition to withstand the effects of the 

insecticide. One tree came through the ordeal safely, another lost a 

number of its limbs and the other two died. 

It is true that subsequent experience has led Dr Smith to regard a 

crude petroleum not testing 43° or over on the Beaume oil scale as dan- 

gerous to use undiluted. Dr Smith states that a safe oil for use in this 

manner must not only meet the specific gravity test but it must be either 

a green or an amber paraffin oil, not an asphaltum oil. The above ex- 

periments show that a heavier oil can be used in a mechanical emulsion 

without apparent injury to dormant trees and the successful control of 

the scale by Mr Hart indicates that even if the oil be a light one and 

therefore harmless in its native condition, it is also very effective when 

diluted. The dilution saves oil, aids in giving a more uniform distribution 

of the insecticide and as a coarser spray can be used, the work may be 

done more rapidly. The outfit necessary for making a mechanical mix- 

ture is more expensive than an ordinary spraying apparatus but the sav- 

ing in oil would soon make the difference, if the operations were of any 

magnitude. An improvement has been made in mechanical sprayers in 

that the oil and water are conducted in separate tubes to the nozzle, thus 

preventing the separation of the oil and water in the hose. This device 

is made by a Canadian firm. A mechanical dilution of crude petroleum 

is much safer, apparently just as effective and its use is therefore advised. 

Whale oil soap. ‘The trees were not injured by the application of this 

insecticide, even at the rate of 2 pounds to the gallon. They were very 

thoroughly sprayed, and the scale was undoubtedly severely checked, but 

the results were not equal to those obtained with a 20 % crude petroleum 

emulsion. The two treatments with whale oilsoap solutions left the trees 
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in about the same condition regarding scale infestation as the one with 

crude petroleum. On the other hand, the soap has some value as a ferti- 

lizer and is undoubtedly safer to use than even the mechanical emulsions 

of crude oil. There was little perceptible difference between the 2 and 

the 14 pound solutions. ‘The summer spraying with 1 pound to 5 gal- 

lons of water proved very effective in killing young scales, but it would | 

have to be repeated at intervals of about 10 days in order to obtain the 

best results. There was some difference between the behavior of Leg- 

gett’s and Good’s whale oil soap after their application, but the experi- 

ment was not protracted enough to permit the detection of a greater 

insecticide value in one than in the other. Good’s soap is more readily 

soluble than the other, and would be preferable on that account. 

Whale oil soap and crude petroleum combination. This combination 

gave fully as good results as the whale oil soap solution, but its insecti- 

cidal value was not equal to that of 20 % mechanical emulsion of crude 

petroleum. It is possible that a larger proportion of petroleum could 

have been used to better advantage. 

Lydrocyanic acid gas. Were it not for the excessive cost of tents, 

specially for large trees, no better treatment could be recommended. 

In a large orchard of small trees this would probably prove, in spite of 

the considerable cost of the tents, cheaper in the end than spraying. The 

trees suffered no discoverable injury beyond the slight browning of a few 

of the more advanced buds on several trees. ‘The records of these experi- 

ments show that fumigation with this gas practically means the annihila- 

tion of the scale, even when but 1 ounce of cyanid to 150 cubic feet of 

space is used. The very few living young scales found on some of the 

trees could easily have been, and probably were, brought from adjacent 

infested trees. ; 

~ NOTES FOR’ THE: YEAR 

The season of 1900 has not presented much unusual. The depreda- 

tions by the forest tent-caterpillar of last year and the year preceding have 

been continued, and occasionally a new insect has come to notice through 

its destructiveness to some valued plant. Many dead grasshoppers were 

found by George Staplin jr, Mannsville, Jefferson co. They had evident- 

ly been killed by a fungus, which was determined by state botanist Peck 

as Massospora cicadina Peck, a species which has hitherto been 

recorded only from the 17 year cicada, so far as known. Say’s blister 
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beetle, Pomphopoea sayi Lec., was quite abundant and injurious 

to the peach trees of E. L. Mitchell, Clarksville (N. Y.) about June 25. 

Fruit tree bark beetle (Scolytus rugulosus Ratz.) This in- 

sect has caused more complaint than usual. It has been reported as caus- 

ing considerable injury in several commercial orchards in the western part 

of the state, and its operations in the vicinity of Albany have been more 

serious than for some years. C. W. Stuart & Co., of Newark (N. Y.) 

state that most of their young trees injured by Scolytus had been 

previously struck by a cultivator or otherwise damaged. This insect 

exhibits a marked preference for sickly or wounded trees, but it does not 

hesitate, when abundant, to attack those apparently in full vigor. At 

East Greenbush I observed a number ot trees where the beetles had 

begun their preliminary burrows in small peach trees in a young orchard 

and had deserted them, causing a considerable loss of sap. Quite a 

number were attacked in this way, and in some the insects continued 

farther and proceeded to run burrows and deposit eggs. One limb ofa 

peach tree was partly split from the trunk, and the circulation in the bark 

of the bent portion was undoubtedly weakened. Sep. 7 this place had 

been attacked by the beetles in large numbers, and the bark was thickly 

dotted with masses of gum. 

Plum curculio (Conotrachelus nenuphar Herbst.) This 

insect was much more abundant than usual at Kendaia, Seneca co., 

according to reports received from J. F. Hunt. The middle of May 

they were to be seen waiting on the trees, and by the latter part of the 

month 50 could be obtained by jarring one tree, and there was an average 

of 40 curculios for large trees, over 5000 being captured from 200 trees. 

Fortunately there was an exceptionally large setting of fruit, and even 

after three fourths was ruined, a fair crop still remained on the trees. It 

has also been reported as numerous in several other localities. 

Pale striped flea beetle (Systena taeniata Say). Serious 

damage by this species to seedling appletrees was reported by two 

observers. C. H. Stuart of Newark, Wayne co., states that this pest 

destroyed 20,000 seedling appletrees the latter part of June. The trees 

were cultivated weekly, and the pests were present in sufficient numbers 

to strip the young trees within seven days. J. Jay Barden, of Stanley 

Ontario co., states that this flea beetle was very injurious to seedling 

appletrees, and that it was also exceedingly abundant on sugar beets. 

The experience of Mr Stuart with this insect was paralleled last year 

by that of W. R. Smith, of Syracuse, (see N. Y. state entomologist’s 
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report, 1899, p. 538) with a closely related species, Systena fron- 

talis Foerst. on sugar beets. The attack of the latter was very 

sudden, and investigation showed that the beetles existed in large 

numbers on weeds growing near the beets and from them had in- 

vaded the cultivated field. It is very probable that similar conditions 

led to the attack on apple seedlings this year. It was found compara- 

tively easy to control both species by spraying the infested plants with 

paris green. ‘The liability of such cultivated crops to sudden invasion 

by large numbers of these pests emphasizes the necessity of constant 

watchtfulness in order to prevent their causing much injury. 

Elm leaf beetle (Galerucella luteola Mull.). This insect 

was not so destructive in Albany and immediate vicinity as in preceding 

years. This in part, at least, may be attributed to the systematic spraying 

‘which has been done for several years past in this locality, Albany was 

much freer from evidences of beetle injury than Troy, and the elms of the 

latter place were in a considerably better condition than those of Water- 

vliet. A factor having considerable bearing on the relative injury is the 

amount of spraying done. It is quite significant that the injury should be 

the least where it is the rule to spray systematically all the trees on the 

street, and greater where the spraying must be paid for by the private in- 

dividual and consequently where only a portion of the trees are treated. 

The difference between the condition of the elms in Troy and Watervliet 

must be attributed very largely to the relative amount of spraying done. 

The American or white elm predominates in the latter city and this 

species is as a rule eaten by the beetle only when the more attractive 

European elms have been destroyed. Therefore, other things being 

equal, it would naturally be expected that Watervliet would be relatively 

free from the pest, and the reverse of this can hardly be considered as 

due to any other cause than the lack of spraying. 

This pest has been definitely located at several important points during 

the year. It was found to have been present in considerable numbers at 

Hoosick Falls, Rensselaer co. It has also established itself pretty gen- 

erally in the towns of Stillwater, Schuylerville, Salem and probably at 

Greenwich. The presence of the insect at Salem indicates the possibility 

of still farther progress north, but there are good reasons for thinking that 

the insect will not be very injurious, excepting possibly in an unusual 

season, north of Mechanicsville. The occurrence of the pest at Oswego, 

Hastings and Rochester, first brought to my notice through Dr L. O. 

Howard, is a much more serious matter. Prof. C. S. Sheldon states that 

he has examples of this insect taken at Oswego in 1896, and Prof. M. H. 
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Beckwith states that it has been for several years at Elmira, Chemung co., 

in considerable numbers. Central New York is aregion where the pest 

may be expected to flourish as well as it does in the Hudson river valley. 

It certainly should be carefully watched, and steps taken, if necessary, to 

prevent the serious damage inflicted on the elms in the eastern part ot 

the state. 

Gold gilt beetle (Chrysochus auratus Fabr.). This species 

lives by.preference on the spreading dogbane, and, though there are 

accounts of the beetle attacking other plants, 

they are probably erroneous or the insects may 

have been driven by hunger to feed on a plant 

otherwise unmolested. The adult is a beauti- 

ful greenish gilt insect which is quite common 

in July in the vicinity of spreading dogbane. 

The egg capsules are very interesting. They 

have been previously described in the Jour- 

nal of the New York entomological society, te Hog choice ae 

3: 192, by Rev. J. L. Zabriskie, but, as the sochus auratus broken open 

account has been overlooked by many and ‘TOW e888 (original). 
is not accessible to others, a few notes are given at this time. The 

egg capsules are black, conical masses occurring usually on the under 

side of the leaves. They are pyramidal in shape, about 2 mm in 

diameter at the base, nearly as high, and one may contain three or four 

eggs, fig.1. Each egg is 13 mm long,.5 mm in transverse diameter and ofa 

yellowish white color. The egg shell is soft and its surface moist. The 

covering capsule is quite firm and is composed of the excrement, or frass, 

of the beetles stuck together with a glutinous secretion. The purpose of 

this singular covering is undoubtedly as much to protect the eggs from 

the drying influences of the atmosphere as to shield them from insect and 

other enemies. ‘The larvae drop to the ground and live at the roots of 

this weed, it is stated. 

I2 spotted asparagus beetle (Crioceris 12-punctata 

Linn.). The distribution of this species has been noted as occasion has 

offered. The following are additional to the localities recorded in my 

previous report. Miss Harriet M. Smith sent specimens from North 

Hector, Schuyler co., and R. H. Darrison took the insect at Lockport, 

Niagara co. It was also received from Fred Warren, Pike, Wyoming co. 

It was reported as present at Fredonia, Chautauqua co., and at Almond, 

Allegany co., by J. Jay Barden; and Dr Howard has informed me of its 
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presence at Penfield, Monroe co. Mrs E. B. Smith brought in a speci- 

men from Coeymans, Albany co., and I took it at Manor, Suffolk co., 

where it was present in greater numbers than the common asparagus 

beetle, Crioceris asparagi Linn. The above, in connection with 

records previously given, is pretty good evidence that this pits has 

already attained a wide distribution in this state. 

Grain beetles in a new role. Last October two insects, which 

proved to be Silvanus surinamensis Linn. and Cathartus 

gemellatus Duv.,, were received from C. L. Williams, of Glens Falls, 

with an inquiry about their habits. Ina large collar and cuff factory con- 

siderable annoyance was occasioned by the appearance of rust-like spots 

in the lining of the finished products, specially the collars. These two 

beetles and what appeared to be the partly crushed fragment of a wing 

cover were all that Mr Williams could find of anything that might be 

responsible for the trouble. Subsequently spotted examples of such linen 

were sent to me for inspection. ‘The rusty color was evident on the out- 

side, and in the lining small rust-colored specks could be seen that under 

a microscope appeared to be of organic nature. The various processes 

through which the linen had been put, worked the stain into the corner 

of the collar and also macerated these bits so effectively that they pre- 

sented simply the appearance of abraded atoms. Mr Williams states 

that there is no stain on the cloth before it is made into collars, only here 

and there a small speck which seems utterly incapable of producing the 

amount of stain obtained. ‘The trouble eccurred over a period of six 

weeks, during which time dozens of collars were ruined. It seenis very 

possible that these insects occurred in small numbers in the collar linings, 

atttacted there by the farinaceous matter, and that the stains came from 

the fragments of their bodies. 

Snakeworm (Sciara species). These remarkable assemblages of 

Sciara larvae are worthy of note, and it was therefore a source of 

considerable pleasure to receive from C. A. Chamberlain, Franklin, 

N.Y.) examples of Sciara larvae from one of these peculiar snake-like 

masses, It is a source of great regret that none of the insects could be 

carried through to maturity. The specimens were sent under date of | 

July 23 with the following details. The larvae were observed in their 

peculiar, snake-like formation, crossing a sidewalk from a lawn they had 

evidently left. They made little headway when separated but progressed 

very well in the mass, moving from three to four feet an hour. The 

following additional matter was given in response to queries. The larvae 

all appeared to come from under stones, as none were found in the grass, 
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and they were to be observed crossing the walk in the morning or the 

latter part of the night. One or two strings of them were found on 

mornings of several successive days. These strings or masses were 12 to 

20 inches long and with a depth of 10 to 12 Jarvae at the head, tapering 

down to a small tail rarely composed of more than a single layer of 

insects. ‘They were seen in but one place near a well kept lawn, which 

had been liberally manured in the spring. They kept in the shade of 

trees and, when exposed to the sun, succumbed in two to three hours. 

It is a pleasant duty to place on record these interesting observations so 

willingly communicated by Mr Chamberlain. 

It is well known that Sciara larvae live in decaying vegetable matter, 

and it is probable that the masses observed by Mr Chamberlain had 

lived in the lawn and were impelled by some cause or other, possibly the 

desire to find a more favorable place for undergoing their final trans- 

formations, to forsake it when about full-grown. ‘These tender, moist 

larvae are very susceptible to sun and dryness, and their peculiar method 

of progression reduces these perils very largely. It should be noted that 

the head of this snakeworm, literally worm snake, had a depth of 10 or 

12 insects, showing that these larvae were crawling over each other, and 

hinting at the method of forming such a curious body. Such insects. 

naturally prefer to crawl over a moist surface, and a cause leading to 

the common movement of a large number would most probably result in 

one larva crawling over another, and an aggregation of a few would attract 

others. Thus the natural law which leads animals in many cases to move 

along lines of least resistance would account for the formation of these 

masses. The direction taken in the migrations would be determined 

largely by the primary leaders. A line once established would naturally 

progress in the original direction unless prevented by an obstacle. These 

assemblages are remarkable, but they can be explained as the normal 

result of certain causes, and there is no necessity of assuming that the 

individuals possess some unknown sense or intuition. 

These peculiar aggregations have been known in Europe for many 

years, and there are some interesting superstitions in connection with. 

them. They are known under the names of Heer Wurm, army worm, and’ 

in Norway as orme drag. Snakeworms to to 12 yards in length have 

been noticed, and M. Guérin-Méneville records columns 30 yards in 

length. The European species possessing this habit has not been deter- 

mined positively, but it passes under the name of Sciara thomae 

Linn. or S. militaris Now., probably the latter according to Baron 

Osten Sacken. 
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There are several records of the occurrence of snakeworms in this 
country, but detailed observations are wanting in most cases, and in none 
thas the species been identified to my knowledge. Prof. F. M. Webster 
records in Science, Feb. 23, 1894, 23: 109, two instances in which he 
observed snakeworms after heavy rains, and he is of the opinion that in 
these cases the larvae were driven by water from their usual haunts. 

_ The larvae, like others known to belong 

to the genus Sciara, are legless, whitish 

and with black heads. The specimens re- 

ceived measured 6-7 mm long. The ac- 

companying figure, 2, which represents the 

larva of Sciara coprophila Lintn., 

gives the general appearance of the species 

under consideration. The diagram given in 

Fic. 2 Lar- fig. 3, represents in outline the clypeus of the | 

tA ‘ae pre snakeworm larva and the general arrange- Peach: cat ae. 

Lintn. (after ment of the punctures on it and in its uresof snake worm 

a Be immediate vicinity. A comparison with ih 5 

a similar diagram’ of the punctures on and near the clypeus of 

Sciara coprophila will showa marked difference between the two. 

Forest tent-caterpillar (Clisiocampa disstria Hiibn.). The 

depredations of this pest in 1898 and 1899 gave rise to well grounded fears 

that it might prove destructive this year. Examinations of sugar maple 

trees during the winter of 1899-1900 showed that the egg clusters of this 

species were present in large numbers in some localities. The following 

records of these observations give an idea of the conditions prevailing in 

various sections of the state. At Nelson, West Eaton, Stockbridge and 

Hamilton, Madison co., many of the sugar maples were abundantly 

supplied with egg clusters of this pest. At Durham, Greene co., and 

Franklin, Delaware co., egg clusters were present in considerable 

numbers on some maples. One small maple at Durham had at least 

25 egg clusters; on one small twig there were eight, four being placed 

end to end, Some badly infested trees were found at Esperance, 

Schenectady co., and at Albany, Altamont and Voorheesville, Albany 

co. At Greenfield Center and Burnt Hills, Saratoga co., Glens Falls, 

Warren co., and Fort Ann and Cambridge, Washington co., some trees 

were pretty well stocked with eggs. At Hoosick Falls, Rensselaer co., 

a number of maples were badly infested. One small one had 50 egg 

1 Lintner, J.A. 10th rep’t New York state entomologist. 1894,95. p. 395, fig. 5e. 
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clusters on it, but this was evidently in excess of the average. At 

Cooperstown, Otsego county, 300 egg belts were taken from one maple, 

as reported in the Country gentleman. At Glen, Montgomery co., and 

Plattsburg, Clinton co., these eggs have been reported by correspondents 

as occurring in large numbers. The maple and appletrees at Oneonta, 

Otsego co., were literally loaded with egg clusters, as stated by L. I. 

Holdredge. It certainly looked as if the widespread defoliations 

of the previous year were likely to be repeated, specially as similar. 

reports were received from many others. ‘The egg belts of this insect 

are very resistant to insecticides. Young caterpillars were observed to 

hatch from a cluster on a twig which had been thoroughly painted with 

crude petroleum the preceding December. The eggs remained on the 

tree over winter. Egg clusters dipped in crude petroleum Ap. g failed 

to produce any caterpillars, but such radical treatment is ordinarily out 

of the question. 

There was a period or unusually cold weather in early May, and 

at this time a report started from Midddletown, Orange co., to 

the effect that the young forest tent-caterpillars were killed in 

large numbers by the severe weather. This was a matter of considerable 

economic importance; and therefore the voluntary observers were re- 

quested to make a special report on the effects of the cold on the young 

forest tent-caterpillars. Reports received from about 30 observers, 

located in as many counties, stated that, while apparently many of these 

caterpillars had been killed, in reality they were in a dormant condition, 

and that during the warm weather following they appeared in numbers 

and fed most voraciously. At Delhi, Delaware co., F. M. Simpson found 

considerable numbers dead and was inclined to hold the weather respon- 

sible for the mortality. Many dead caterpillars were found by J. M. 

Dolph, Port Jervis, Orange co., and by C. E. Childs, Mayfield, Fulton 

co. A.J. Meiklejohn, Plattsburg, Clinton co., gave a detailed account 

of stiffly frozen tent-caterpillars reviving after being brought into a warm 

room, The cold weather probably killed numbers of the pests in some 

sections, but in Albany, Chemung, Greene, Saratoga, Seneca, Wyoming 

and Yates counties their prevalence equaled or surpassed that of the 

previous season. A remarkable feature about the outbreak, specially in 

orchards, was the apparent absence of the pests till late in the season, 

when suddenly they were observed in large numbers and quickly stripped 

the trees. These pests were not seen in one orchard in East Greenbush 

till June 3, and by the 6th the thrifty young trees were partly stripped, 

and the caterpillars were present in enormous numbers, fairly covering 
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large portions of the trunks and limbs of the unfortunate trees. Plate 

15 shows the condition of the trunk and lower limbs and plate 

16 is an enlargement of a portion of the preceding and gives a 

better idea of the number of caterpillars. This outbreak occurred in a 

large orchard of vigorous, fair-sized trees. It was not far from a small 

piece of woods, but the hosts of caterpillars had evidently not invaded 

the orchard from the forest. They came from eggs laid on the trees, and 

their hatching had probably been delayed by the period of cold weather 

above mentioned. This late, sudden outbreak occurred in a number of 

orchards, 

An injury out of the ordinary was reported by E. L. Mitchell, Clarks- : 

ville, Albany co. His red and blackcap raspberries suffered severely from 

these pests, the caterpillars crawling from the adjacent woods and strip- 

ping the leaves from the plants in the nearest rows, working on them 

much as the army worm does when it invades a grain field. The pests 

were present in such large numbers as to threaten the defoliation of a 

large part of eight acres of berry bushes. 

The abundance of these caterpillars afforded an excellent opportunity 

for experimentation with contact insecticides. Good’s caustic potash 
whale oil soap no. 3 and his tobacco whale oil soap were tried, each — 

at the rate of 1 pound to 5 and i pound to 1o gallons of water. The 

caterpillars were thoroughly sprayed as they were clustered on the trunks 

and limbs, and about 15 minutes later samples of the victims were put in 

cardboard boxes for subsequent observation. The stronger solution of 

tobacco whale oil soap killed within a few days a eRe larger 

portion of the caterpillars than the other. 

The record is as follows: 

Good’s whale oil soap no. 3, z pound to 5 gallons 

June 8. 99 caterpillars dead, 62 living 

9. 6 caterpillars dead 

15. 16 caterpillars dead 

19. 10 caterpillars dead : 81. 3% of the total killed 

Z pound to ro gallons 

June 8. 87 caterpillars dead, 65 living’ 

9. 5 caterpillars dead 

15. 23 caterpillars dead 

19. 14 caterpillars dead: 84.8% of the total killed 

Good’s tobacco whale oil soap, z pound to 5 gallons 

June 8. 135 caterpillars dead, 41 living 

9. 5 caterpillars dead 

15. 20 caterpillars dead 

19. 4 caterpillars dead: 93.18% of the total killed 

een ee OS 

| ~ —— 2 a a , 
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Z pound to zo gallons 

June 8. 110 caterpillars dead, 105 living 

g, 29 eaterpillars dead 

15. 6 caterpillars dead 

19. 10 caterpillars dead: 72% of the total killed. 

The experiment was continued to the end, and the caterpillars not killed 

developed 34 parasites, 20 male and but eight female moths, and a num- 

ber died in their cocoons from some other cause. No moths developed 

from those sprayed with the stronger solution of tobacco whale oil soap. 

This latter soap appears to be much-more effective for this kind of work 

than the ordinary preparation. Experience emphasized the necessity of 

thoroughly drenching the caterpillars with the insecticide, if the best 

results were to be obtained. A moderately fine spray was much more 

economical of the solution and gave better results than a very coarse 

spray. 

This species was attacked by a large number of parasites, and in some 

localities the pests were nearly exterminated in limited areas. A lot of 

roo cocoons were collected at Slingerlands (N. Y.) June 28, and the 

natural enemies of this species bred from them. 46 parasites were obtained, 

21 of which were either Pimplas or Theronia fulvescens Cress.,a 

secondary parasite and an enemy of the Pimplas, and a considerable pro- 

portion of the remainder belonged to the Tachinidae. The thorough- 

ness of this parasitism was strikingly shown by a lot of cocoons from 

Altamont submitted for examination by Judge J. W. McNamara. Over 

go % had been killed by parasites. Pimpla conquisitor Say and 

P. inquisitor Say were the two most abundant and effective parasites | 

in many localities. The females were present in considerable numbers 

at Slingerlands, and could be seen investigating the cocoons and occa- 

sionally thrusting the ovipositor through the meshes. Theronia ful- 

vescens Cress. was almost as numerous as either of the two preceding 

species. It was taken at Slingerlands, and also reared from cocoons re- 

ceived from Glens Falls. Anomalon exile Prov. was reared in 

smaller numbers from cocoons received from Lyon Falls and Glens Falls. 

Pteromalus vanessae How. was reared in considerable numbers 

from cocoons collected at Glens Falls. Tachina mella Walk. wasa 

valuable parasite in many localities, and a large number of flies could 

have been reared. ‘The latter part of June, when the forest tent-cater- 

pillars were crawling everywhere, one was attacked by a common wasp, 

Polistes pallipes St Farg, Two wasps were engaged in the bat- 

tle. They cut the caterpillar in two, and one began feeding on a portion, 

while the other hung around, evidently anxious to get at the delicacy. A 



998 NEW YORK STATE MUSEUM 

hyperparasite, Dibrachys boucheanus Ratz. was reared from 

material received from Glens Falls(N. Y.) It probably attacked Pimpla 

inquisitor Say. 

The effects of a windstorm at Slingerlands on this insect while it 

was in the pupa stage is worthy of record. June 29 and 30 there was a © 

storm with a maximum wind velocity of 26 miles an hour, this being the 

record at Albany, only seven miles distant. The wind tore hundreds of 

cocoons from their fastenings and strewed them over lawn and field, 

giving in places almost the effect ofa light fall of snow. It is not likely 

that the wind killed many of the insects within their cocoons, but it 

brought them within easy reach of natural enemies, and a heavy rain 

would probably have destroyed many of the pupating insects. Two 

days later, July 2, moths, principally males, were very abundant. ‘They 

flew about the appletrees literally as thick as bees in the late afternoon 

and early evening. The caterpillars had been somewhat of a nuisance 

earlier in the season, but the moths were worse, at least for those wishing 

to enjoy the shade and coolness of the trees, on account of the ejected 

pinkish fluid which gummed and stained clothes in a very annoying 

manner. 

Fall army worm (Laphygma frugiperda Abb. and 5m.). 

This insect was very abundant and destructive in Buffalo and vicinity © 

last fall. M. F. Adams of that city reported to me that he found large 

patches in many lawns entirely destroyed in one section of the city. 

The grass on one large lawn had all been killed except a little on the 

front portion, it having been entirely eaten and nothing remaining but 

weeds. The most serious damage appeared to have been caused by the 

larvae cutting off the grass just below the crown, thus destroying it. 

The pest evinces a decided preference for blue grass, and, as that consti- 

tutes a large proportion of the lawns in Buffalo,they suffered accordingly. 

Red-banded leaf-roller (Lophoderus triferana Walk). The 

depredations of this insect on green pop-corn were brought to my atten- 

tion by C. H. Stuart, Newark (N. Y.) in July 1899, when several of the 

light green caterpillars were sent with the statement that they had 

attacked about 27 % of the crop, 37 % of the corn on each infested ear 

being destroyed. A larva was sent to Washington (D.C.), but the 

authorities there were unable to identify the pest till the moth appeared 

in February 1900. ‘This is one of the cranberry worms which cause 

trouble in Massachusetts. It has been recorded as feeding on elm, soft 

maple, oak, apple, rose, bean, Gnaphalium polycephalum, 
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clover, strawberry, osage orange and salsify, besides the plants previously 

named. Its variable food habits render its control more difficult. Prof. 

Forbes, in his 3d report on the insects of Illinois, records it as a leaf- 

roller occurring in May and June, evidently in small numbers, on young 

corn, the adults appearing the last of June. The attack in this state was 

different and apparently limited largely to the green corn on the ear, 

a place where it would be very difficult to employ any adequate remedial 

or preventive measures. There are probably two generations annually, 

the moths from the earlier larvae appearing the latter part of June and 

those from the later ones hibernating and disclosing the adult in the 

spring. | 

Harlequin cabbage bug (Murgantia histrionica Stal.). 

Through Dr Howard I rece'ved records of the presence of this species 

at Jamaica (L. I.), New York, and Oswego. The occurrence of the 

pest at ,the last place is believed by Dr Howard to be. largely 

accidental, that is, that it was probably brought in from some other point 

by shipments of its food plant, and that it could hardly exist there for a 

series of years. This insect has recently been taken in small numbers at 

Elmira (N. Y.) by Prof. M. H. Beckwith. This record is of considerable 

interest as indicating the existence of this bug at other points in thestate © 

and in some measure justifying the expectation that this species may be 

able to sustain itself in limited numbers, at least, in parts of western 

New York. It isa serious pest of the cabbage crop farther south; and 

it is to be hoped that the severity of our climate will always prevent this 

species from becoming abundant enough to cause material damage. 

Juniper plant bug. (Pentatoma juniperina Linn.) Several 

living examples of this insect were received June 28 from Miss E, A. 

Blunt, of New Russia (N. Y) One oviposited in transit; and the eggs 

are herewith described. They are deposited upright in regular rows ard 

are subcylindric with rounded ends. ‘The ground color is a light choco- 

late brown, with acentral, rather broad apical ring of a white, finely granu- 

lated matter; a thinner, larger ring of the same material, ornamented | 

with minute, irregularly placed spinules, defines the cap pushed off when 

the young emerges. The sides of the eggs are also more or less covered 

with this white substance, which appears to peel irregularly to some ex- 

tent. The egg shell is finely punctured. The eggs are a trifle over 1 mm 

high and a little less in diameter. 

Elm bark louse (Gossyparia ulmi Geoff.). This pest holds 

 its,own in Albany, Troy and vicinity and it occurs on a large proportion 



1000 NEW YORK STATE MUSEUM 

of the elms in these places. Pseudimagos were very abundant on infested 

limbs May ro, and on the 21st perfect winged males appeared in large 

numbers. There was an interval of several days between these two dates. 

when no males could be found. 

This pest is evidently making its way over the state, as its reception 

from Flushing (L. J.), and Ogdensburg, St Lawrence co., and its de- 

tection at Greenwich, Washington co., would imply. It has probably 

established itself in many cities and villages in New York state. 

Grasshoppers. These insects ate always present in some numbers, 

but in the summer of 1go0o certain species were abnormally abundant and 

destructive. Two species, the red-legged grasshopper, Me lano plus 

femur-rubrum De Geer, and the Carolina locust, Dissosteira 

carolina Linn., were specially abundant in a section of Rensselaer 

county extending from Castleton through Schodack, Sandlake, Poesten- 
kill, Brunswick and Pittstown townships. They occured in countless mil- 

lions, as stated by Mr Hitchcock, voluntary observer in that county. Sa 

serious was the evil that many farmers cut their oats in order to save them, 

and even then found that most of the grain lay on the ground. In two 

instances fields of buckwheat were entirely destroyed. The lesser migra- 

tory locust, Melanoplus atlanis Riley, was a very abundant 

species at Karner last July. Grasshoppers occurred in immense swarms 

at Mayfield, Fulton co. They were so abundant as soon to devour a 

piece of oats, as reported by voluntary observer Childs. They were also, 

reported as very numerous at Ogdensburg, St Lawrence co., by Miss 

Sherman ; and I found certain species excessively abundant at Saranac 

Inn and vicinity, Franklin co. 

VOLUNTARY ENTOMOLOGIC SERVICE OF NEW YORK 

STATE 

The work of last year has been continued, and a large number of val- 

uable observations have been put on record. The two tent-caterpillars 

have been very abundant in a part of the state during the past season, 

and most of the observers have given considerable attention to these 

pests. The report, started early last spring, that the unseasonable, cold, 

wet weather had destroyed large numbers of the forest tent-caterpillars, 

was brought to the attention of each observer, and special observations. 

were requested. The entomologist was in a few days in possession of a 

mass of facts bearing on this question, ‘These records were made by con- 

servative, trustworthy persons located in all sections of the state; and, 

er 
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while in some places it appeared that cold and wet actually did kill 

many of the caterpillars, it was the opinion of most that fatalities were 

comparatively limited, and several observers demonstrated that the 

recently hatched caterpillars were very resistant to climatic influences. 

Some of the records may appear trivial, but a life history is nothing 

more than the sum of many small facts. The value of the records 

relating to the appearance and relative abundance of the different insects 

will increase with the length of the period over which they extend. 

These records will also show in time the effects on insect life of the 

different climatic conditions in the various sections of the state. 

Summaries of reports from voluntary observers 

The names inserted in brackets indicate determinations made by the 

entomologist. The others are presumably correct except where ques- 

tioned. ‘The dates given after the records are those ot the reception of 

the reports, and they are from one to three days later than the writing 

of the report. 

Albany county (E. T. Schoonmaker, Cedarhill)—Appletree_tent- 

caterpillar [Clisiocampa americana]. Egg clusters are abun- 

dant and the prospect is that the caterpillars will be numerous. Ap. 17. 

They have already formed small nests or webs. May 1. Fiery ground 

beetles and June bugs are exceptionally numerous in cultivated fields. 

Appletree tent-caterpillar work is beginning to be apparent. Elm leaf 

beetles [Galerucella luteola] are to be found in buildings, but 

they have not attacked the young foliage. May 8. Appletree tent- 

caterpillars were very active on Wednesday and had suffered no notice- 

able injury from the hard freezes. They were dormant on cold, cloudy 

days and on warm days active. There were no signs of injury to either 

species of tent-caterpillars, though the thermometer stood at 27. June 

bugs were present in exceptionally large numbers the evening of May 12. 

May 15... Forest tent-caterpillars [Clisiocampa disstria] are 

stripping apple, plum and maple trees, though they were not injurious in 

this locality till the present season. They are gathering in bunches of 

hundreds on the limbs or spin down on webs. May 28. Potato beetles 

[Doryphora tro-lineata] have appeared in small numbers. 

Forest tent-caterpillars are still doing some injury. Rhubarb curculios 

{Lixus concavus]| are injuring rhubarb to some extent in limited 

sections. June 5. Rose beetles [Macrodactylus subspinosus] 

have appeared and potato beetles are abundant. Forest tent-caterpillars 
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are spinning their cocoons. June 12. Forest tent-caterpillars are still 

spinning their cocoons, many trees have been defoliated by them. Eggs | 

of the elm leaf and potato beetles are, hatching in limited numbers. 

June 19. Potato beetle grubs are very abundant, the forest tent-caterpil- 

lars have all disappeared. June 26, Potato beetles are very numerous 

and destructive. Elm leaf beetle larvae are nearly full grown. Fall web 

worms |Hyphantria cunea] are numerous on appletrees. Both 

house fly [Muscadomestica] and horn fly [Haematobia 

serrata] are very numerous and annoying. July 10. Grasshoppers 

are exceptionally abundant. Adult elm leaf beetles have appeared. 

Aug. 7. Grasshoppers are now feeding on late planted corn, the 

meadows having turned brown from the drouth. Green cabbage 

worms [Pieris rapae] are exceptionally numerous, some plots being 

ruined by their ravages. Elm leaf beetle has apparently disappeared 

with the first brood. The work of this insect on unsprayed trees was 

as bad as last year, if not worse, American elms suffering as much as the 

European species. This insect has not spread to elevations 200 feet 

above the Hudson river. Sep.11. Cabbage worms are doing serious 

damage to the crop, nearly destroying many large plots. Oct. 9. 

Broome county (J. Mace Smith, Binghamton). Appletree tent-cater- 

pillars [Clisiocampa americana| were seen for the first time Ap. 

25. The buds of appletrees and wild cherrytrees did not open till a 

week later, and the caterpillars spun small nests and did no feeding. As 

the weather warmed, it was seen that a large number of the egg belts had 

hatched. ‘The orioles and the waxwings do more than any other birds to 

destroy these pests at this time. May 11. The cold weather did not 

kill the caterpillars in this locality, and they are at work as usual. May 

19. Appletree tent-caterpillars have been dying in large numbers during 

the past week from a bacterial disease. Forest tent-caterpillars 

[Clisiocampa disstria] are much more abundant than last year, 

but they do not appear to have done much damage. [Euvanessa 

antiopa] the spiny elm caterpillar, is much scarcer than last year. 

June 9. The young of lightning leaf-hoppers [Ormenis pruinosa} 

were obser’ed in considerable numbers, uniting in a general gymnastic 

performance, the air being filled with them as they jumped up and down. 

They appear to do no particular harm. The tussock moth [Notol. 

ophus leucostigma] is present in such small numbers as to cause 

no appreciable damage. The sugar maple-borer |Plagionotus 

Speciosus] is very common and probably causes considerable injury. 

ae 
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July 10. The green pea louse [? Nectarophora pisi Kalt.] 

has nearly destroyed some pieces. July 13. The pigeon Tremex, 

Tremex columba, has been quite plentiful the past two weeks. 

Many were found dead on the trunks of trees where they went to lay 

their eggs. [The presence of this insect in numbers is good evidence that 

the trees of Binghamton are in bad condition, most likely from the work 

of the maple-borer, Plagionotus speciosus] Aug.g. The yellow 

necked appletree worm [Datana ministra] and the red-humped 

appletree worm [Schizura concinnal| were found injuring one tree. 

A number of caterpillars of [Datana integerrima] were found on 

a black walnut tree. Sep. 1. 

Cayuga county (Joseph Foord & Sons, Auburn)—We can not see 

that the recent cold weather has had any effect on the tent-caterpillars 

[Clisiocampa americanal, they appear as healthy as before the 

freeze. May 14. 

Chemung county (M. H. Beckwith, Elmira)—I have just examined 
several nests of tent-caterpillars [Clisiocampa americana], and 

find them alive and active where the sun is shining on the nest. A few 

cabbage butterflies [Pieris rapae] have appeared, and click beetles 

are numerous. May 11. Larvae of the currant worm [Pteronus 

ribesii| appeared on gooseberries May 14. May 1g. Tent-caterpillars 

are very numerous in this section. Potato beetles [Doryphora 1ro- 

lineata] have just made their appearance in quite large numbers. 

Asparagus beetles [Crioceris asparagi| are very abundant. June 

1. Cut worms have been very numerous and have destroyed many 

plants in tobacco fields. Potato beetles are few in numbers compared 

with otherseasons. June 2. The imported elm leafbeetle [PGalerucella 

luteola] has been in this locality for several years, working mostly on 

the elms near the Chemung river. Its depredations do not appear to be 

as great this season as in former years, when at times it was so abundant 

that the sidewalks and fences along the streets were literally covered with 

the larvae. July 28. 

Clinton county (A. G. Meiklejohn, Plattsburg)—Young forest and 

appletree tent-caterpillars[Clisiocampa disstria,C.americana] 

were seen on the 21st here and there from Whitehall to Plattsburg. 

_ A few cold days have caused them to disappear. Ap. 27. Young cater- 

pillars to 3 of an inch long were frozen stiff on the night of the roth, 

but, when brought into a warm room, were soon as lively as ever. May 

11. Tent-caterpillars of both species are more than usually numerous at 
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Putnam Station [Washington county]. May 19. The larger forest tent- 

caterpillars are about one third grown [at Putnam Station], and it looks 

as if they would be very numerous this season. 

Delaware county (F. M. Simpson, Delhi)—A trip through several 

groves shows that very few forest tent-caterpillars [Clisiocampa 

disstrial] are present, the cold of the past few days possibly having | 

some effect. May 15. An examination of five maple groves leads me 

to believe that the caterpillars are the worse for the cold weather, as there 

were many dead ones among the leaves. Branches with the remains of 

the web on the surface or in the axil had no caterpillars or else dead 

ones. Unfortunately some of the eggs had not hatched before the cold 

weather, and they threaten considerable damage, specially in valleys 

where the sun does not strike and vegetation and other life is more back- 

ward. Others in this vicinity think that the cold has checked and possibly 

destroyed a large proportion of the caterpillars. Groves that were en- 

tirely denuded last year are putting forth leaves this spring on about one 

half of the branches. Many of the twigs are dead, and adventitious buds 

are springing from the sides of the branches. Many individual trees are 

entirely dead. May 18. 

Dutchess county (H. D. Lewis, Annandale)—The warm weather of 

10 days ago has brought out quite a number of tent-caterpillars [C1isio- 

campa americana]. They are less apparent now, possibly because of 

the cold weather. Bud moths [Tmetocera ocellana| are present in 

some numbers, but they have not caused much damage. Many young trees 

in this section are badly infested with the scurfy bark louse [Chion- 

-aspis furfura], May 2. The recent cold weather has greatly reduced 

the number of tent-caterpillars. Many of the nests are smaller than 

usual and contain numbers of dead caterpillars. ‘There was an enormous 

supply to begin with and there still remain a goodly number. ‘This insect 

was probably four times as numerous as last year, and the cold weather 

may have reduced its numbers by one half. There is a large increase in 

the numbers of the forest tent-caterpillars [Clisiocampa disstria} 

which are just appearing. There is a total absence of aphids up to date. 

May 12. ‘The estimated reduction of one half in the number of tent- 

caterpillars now appears too high, still many were killed. ‘They are more 

abundant than they have been for 20 years, with one exception. May 

21. ‘The past three weeks have been pretty fully occupied fighting cater- 

pillars, but that is nearly at an end now. Currant worms [Pteronus 

ribesii] are present in about average numbers. Cut worms have been 
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very numerous since the late rains. May 26. Currant aphids [Myzus 

ribis| have appeared in large numbers and are doing more damage than 

the currant worm. Roses are affected with aphids. Cherrytrees and 

appletrees are freer from these pests than I have known them to be for 

years. Green fruit worms [Xylina species] are doing considerable 

damage to apples and plums. The curculios [Conotrachelus 

nenuphar] are attacking the latter to some extent. May 31. There 

has been a very large crop of striped cucumber beetles [Diabrotica 

vittata], squash, cucumber and melon vines requiring constant atten- 

tion to save the young plants. I had one patch of Hubbard squash free 

one day and completely ruined the next. The curculios have been very 

bad on plums, Appletree tent-caterpillars have spun their cocoons, but 

_ the forest tent-caterpillar is still doing considerable damage to mapletrees 

and appletrees. June 1g. The dry weather has caused a great increase 

in the number of potato bugs [Doryphora 1ro-lineata] and they 

aré now more numerous than for some years past. Elm leaf beetles 

{[Galerucella luteola], which were very destructive here four years 

ago, appear to be on the decrease, and so far this season they have been 

very scarce. June 21. The fall web worm |H yphantria cunea| has 

appeared unusually early and in quite large numbers. It looks as if it 

might prove aserious pest. Squash vine-borers [Melittia satyrini- 

formis] are doing a great deal of damage. June 28. Four years ago 

the elm leaf beetle completely defoliated our elms, in 1898 they were less 

abundant, less so in 1899, and there has been but little injury this season- 

July 20. 

(F, A. Taber, Poughkeepsie)—Tent-caterpillars [Clisiocampa 

americana| are very numerous and are just hatching out. Egg 

clusters are more numerous than I have seen them for many years. 

The grapevine flea beetle [Haltica chalybea] has not appeared 

this season, and the buds are now too far advanced to suffer much injury. 

May 4. The cold and rain seem to have had no effect on the tent-caterpil- 

lars. They appear to be as lively as ever, and were at work this morning, 

though the thermometer stood at 34°. May r1. Potato beetles[ Dory ph- 

ora 1o-lineata| are unusually thick and destructive. Currant worms 
{[Pteronus ribesii] are notas plenty as usual. June 27. The city 

of Poughkeepsie has been severely scourged by the elm leaf beetle for 

the past few years, but this season there are very few of the pests. 

July 27. 

Erie county (M. F. Adams, Buffalo)—[The fall army worm, 

Laphygma frugiperda| is very destructive to lawns in certain 
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parts of the city, I find that large patches of grass in many of the lawns 

were entirely destroyed and one covering a large area was entirely ruined 

except the front portion. The grass had been entirely eaten away and the 

roots killed, hardly a spear of grass remained, nothing but chickweed and 

other weeds growing. Most of the caterpillars were found resting on the 

ground, where they apparently feed, cutting off the grass below the crown ~ 

and thus killing it. They select blue grass largely, which constitutes the 

major proportion of the lawns in Buffalo. The pupae were found in an 

upright position just beneath the surface. The insect apparently hiber- 

nates in all stages of development. Many of the pupae were parasitized 

or were otherwise diseased. Oct. 18, 1899, lime applied in large enough 

quantities to kill the grass had little or no effect on the insect. March 

31 I took about 50 specimens of Desmocerus palliatus boring 

in Sambucus planted for a hedge. Many of the plants were de- 

stroyed, four and five larvae being taken from the base of a single one. 

The mines were so close together in some instances that all the wood was 

destroyed, and the bush would break off at the base while it was being 

trimmed. A young sugar maple which had died in the summer of 1899 

was found this spring to be completely mined by a flat-headed borer, © 

probably Dicerca divaricata. ‘The mines were old and deserted. 

The tree came out in full leaf in the spring of 1899 but soon withered 

and died. Ap. 17. I have watched the tussock moth [N otolophus 
leucostigmal| very closely since 1895 and have discovered but one 

brood in a season. ‘The recently hatched young were observed on an 

egg mass early in October in 1896, but that night they were killed by a 

heavy frost. Ap. 1g. I read an article in the morning papers that the 

tent-caterpillars had all been killed at Hamburg by the cold weather; so 

I selected that locality for making observations. Appletree tent-caterpil- 

lars [Clisiocampa americana] were in a perfectly healthy condi- 

tion and none the worse for the cold weather. No forest tent-caterpillars 

[Clisiocampa disstria] could be found. May 15. May 17 I col- 

lected the larvae of what is probably Cyllene picta boring in young 

hickory. May 21 the adults and pupae of Magdalis armicollis 

were taken in their mines in white elm. The scholars attending one 

school gathered 75,000 egg masses (over 7 bushels) of the white 

marked tussock moth last week. May 23. The larvae of Magdalis 

have nearly all transformed to pupae. The elm-borer, Saperda tri- 

dentata, occurs in the pupa state at thistime. May 26. Magdalis 

armicollis and M. barbita emerged in great numbers from elm . 

branches May 23 and 24, A few larvae were found at this time within 
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the branches, but most of them were in the pupa stage. May 23 and 25 

a great number of Jarvae of Cryptorhynchus lapathi were taken 

from American willow and Carolina poplar. The smallest measured less 

than a millimeter in length and ranged from that to five times as long 

when extended. Most of the larvae were just beneath the outer bark, 

some had entered the inner bark and a few were in the wood. The 

“mines were from } to 1 inch in length, irregular and winding. In 

many instances so or more larvae were removed from young trees 

4 to 5 inches in diameter at the base. These trees were looked over 

by me two or three weeks ago, and no indications of the presence of 

borers were found; therefore the eggs probably hatched this spring. 

May 27 Agrilus anxius had all entered the pupal stage, most of 

them being pure white and but few had commenced to color. On May 

5 the larvae were all straightened out and shortened but none had entered 

_ the pupal stage. May 28 the white marked tussock moth eggs com- 

mencedtohatch. Onthis latterdate Saperda tridentata beetles 

were emerging in great numbers from white elms, being somewhat later 

than last year. May 30. Saperda tridentata, Magdalis 

armicollis and M. barbita have been emerging in great num- 

bers from elm branches placed in boxes. May 31 larvae and pupae of 

Saperda tridentata were taken fromelms. June1 Desmoce- 

rus palliatus was observed mating and feeding on Sambucus hedge. 

June 3 none of the beetles of Agrilus anxius had emerged, and 

the pupae were hardly more colored than on May 27. June 6. The 

birch aphis [Callipterus betulaecolens] hasmade its appear- 

ance in great numbers.s Magdalis armicollis and Saperda 

tridentata have emerged in small numbers. Beetles and larvae of 

Crioceris asparagi and C.12-punctata were abundant 

June 9. Two days later great numbers of English sparrows were 

observed on the shoots and in places where they had been, few larvae or 

beetles remained; apparently they had been eaten by the birds. 

Desmocerus palliatus is still emerging in small numbers. 

June 15. From about 100 cocoons of the appletree tent-caterpiller 

[Clisiocampa americana] collected at Hamburg (N. Y.) I 
reared only 20 healthy adults. The rest were parasitized by Pimpla 

conquisitor, P. inquisitor, another species of Ichneumon fly 

and a Tachinid. Fall web worm eggs [H yphantria cunea] com- 

menced to hatch July 3 and some of the worms were spinning their 

webs. Two days later adults of Cryptorhynchus lapathi 

were found on willow, Adults of Tremex columba were observed 
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ovipositing July rz. The caterpillars of the white marked tussock moth 

are spinning up in greatnumbers. July 12. — 

(J. U. Metz, East Amherst) — Both species of asparagus beetles 

[Crioceris ‘asparagi, CC. r2—punctata| are presenta 

some numbers this season. Currant worms [Pteronus ribesii] 

were observed for the first time this morning. May 27. Hessian 

fly [Cecidomyia destructor] is in this section in great num- 

bers, and the wheat is nearly all down. [Palmer worms, Y psolo- 

phus pometellus] are working on apples in this vicinity, biting 

holes in the sides of the fruit and defoliating trees in a manner similar 

to cankerworms. July 3. This immediate vicinity is free from tent- 

caterpillars [Clisiocampa americana] to a great extent, but 

there is considerable talk of damage in different parts of Erie and 

Niagara counties. July 21. 

Fulton county (C. E. Childs, Mayfield)—Apparently appletree 

tent-caterpillars [Clisiocampa americana] will not be as abun- 

dant as last year, judging from present indications. The caterpillars are 

now from } to } inch long, and English sparrows were observed tear- 

ing open a nest. Ap. 21. Tent-caterpillars have not shown up in 

orchards to any extent as yet, owing to cold weather. No forest tent- 

caterpillars [Clisiocampa disstria] have been observed. May 

11. The freezing weather has not killed all the tent-caterpillars; some 

are hatching and others may be found in the forks of limbs. English 

sparrows appear to be eating them in large numbers, possibly driven to 

it by lack of other food. I saw one family of sparrows tear a nest all to 

pieces and devour the inmates, which were about 1 of an inch long. 

May 15. Appletree tent-caterpillars are now present in large numbers, but 

no forest tent-caterpillars have been seen. Maytrg. Appletree tent-cater- 

pillars are not present in nearly so great numbers as last year, and now a 

few forest tent-caterpillars may be found. May 25. Appletree tent- 

caterpillars are developing fast with the favorable warm weather and 

their nests are becoming more conspicuous. ‘There are very few of the 

other species. June 1. Tent-caterpillars were very few June 8. 

Hundreds of grasshoppers about 1 of an inch long were observed 

in a cross-country walk. June 14. Potato beetles [Doryphora 

r1o-—lineata] are doing much damage at the present time. July 20. 

Grasshoppers are occurring in immense swarms. July 26. Spar- 

rows are catching and killing grasshoppers, something we have 

never seen before, and it is probably caused by scarcity of other food. 

Some wrens were observed eating lice on appletrees. Aug. 3. Grass- 
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hoppers are more numerous than they have been for years. They move 

in swarms and soon eat up a piece of corn oroats. Aug.18. Morning- 

glory leaves are badly mined by [Bedellia somnulentella Zell.] 

[This insect was also observed to be present in large numbers at Floral 

Park about the same time,] Oct. 2. 

Genesee county (J. F. Rose, South Byron)—Appletree tent-cat- 
erpillars [Clisiocampa americana] appeared in unusual numbers 

last week. The season is backward, and no leaves show on the apple- 

trees and the buds are but little swollen. The caterpillars are feeding on 

the blossom buds of those varieties which are considerably advanced. 

The lines of silk lead from the nests to the fruit spurs. The nests are 

very numerous on the wild cherry, and on these no leaves have appeared. 

May 1. I am unable either by observation or by inquiry of prominent 

fruit growers to learn that the cold did any injury to the young cater- 

pillars. Ice + of an inch thick formed here, and there were hard frosts 

for several nights. Mayr. Tent-caterpillars are very bad in many 

orchards. Spraying is neglected by many till the caterpillars 

have attained considerable size, and then they have poor success 

in killing them with paris green. When the poison has been used 

at the rate of 1 pound to roo gallons or stronger, the results have 

been better. Many of the caterpillars are now full-grown and 

have begun to travel, preparatory to spinning their cocoons. Can- 

kerworms have been working so badly in some orchards that spraying 

while the trees were in full bloom has been done. Eye-spotted bud 

moths [Tmetocera ocellana] have greatly increased, and many 

are found on pears and quinces. Potato beetles [Doryphora 1o- 

lineata] were found in numbers today, though they had been scarce 

previously. May 26. The early potato and tomato leaves look like 

sieves, as the result of the work of the cucumber flea beetle [Crepi- 

dodera cucumeris] The striped cucumber beetle [Diabrotica 

vittata] is present in usual numbers. Tent-caterpillars are far more 

numerous than ever before and are now crawling everywhere. The 

forest tent-caterpillar [Clisiocampa disstrial is not as bad as last 

year. The pear psylla [Psylla pyricola] has been very trouble- 

some and difficult to control. June 12. I was called to see an orchard 

which is in a very serious condition from the attacks of an insect [palmer 

worm. Ypsolophus pometellus]. June 14. The crop in this 

orchard of 300 trees is a complete failure, though-there was a full bloom. 

It was sprayed with paris green only, the first time when the fruit was as _ 

big as peas and then last week. ‘Tent-caterpillars were also rather 
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abundant in the orchard, but the palmer worm caused the principal dam- 

age. I find palmer worms in greater or less numbers in very nearly every 

orchard but one. A large proportion of the leaves are nearly skeleton- 

ized and much of the fruit spoiled by holes eaten in the side. June 20. 

Potato beetles have done little damage up to the present time. The 

squash bug [Anasa tristis] is very numerous, and squash, pumpkins 

and cucumbers require constant protection. The sugar maple-borer 

[Plagionotus speciosus| is attracting more and more attention 

as dead trees become abundant. Some ‘‘sugar bushes” are almost 

ruined.’ Aug? irs. 

Greene county (O. Q. Flint, Athens!—There is no question that the 

harm to the sugar maple trees is great and extended as a result of the 

work of the forest tent-caterpillar[Clisiocampa disstria| in this 

vicinity. The output of sugar will be the lowest in years, this being duein 

great measure to the work of this pest. Many maples in this county 

and also in Otsego have been cut down, and it is found that they are 

more or less dead, the portion of the tree facing the southeast appear- 

ing to have suffered most. Ap. 17. Consultation with a number of per- 

sons in the towns of Jewett, Lexington and Halcott show that there is 

quite a difference of opinion as to the forest tent-caterpillars hatching 

out this spring. Some think they will be more numerous, and others 

think that they will be less abundant. Mayg. A drive through the 

towns of Athens, Catskill, Cairo, Hunter, Jewett and Windham shows 

that the appletree tent-caterpillar [Clisiocampa americana] is 

quite prevalent, and that while the forest tent-caterpillar is present, it 

does not occur in such numbers as last year. The cold weather has had 

no harmful effect on them. May 21. A trip through the eastern and 

the southwestern part of Greene county, the northern part of Ulster 

county and the northeastern part of Delaware county shows that the 

forest tent-caterpillar bids fair to do as much or more injury than last — 

year. Its appearance is from ro days to two weeks earlier in the eastern 

part of Greene county than in the western portion. Reports of depre- 

dations in orchards have already come to hand. The wood from the 

defoliated sugar maples is quite generally believed in this vicinity to 

have an inferior value as fuel, The elm leaf beetle [Galerucella 

luteola] is much in evidence in Athens. The recent cold weather 

does not appear to have injured either the forest tent-caterpillar or the 

elm leafbeetle. May 29. The former insect is doing extensive damage 

in the western, central and east central parts of this county. June 11. 

Forest tent-caterpillars have not been so abundant in places where they 
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occurred the preceding two years, but they have invaded new territory, 

and it is doubtful whether their numbers have been reduced. June ar. 

[Birch twigs with the petioles occupied by a small curculionid larva were 

received with the following statement from Mr Flint.] The effects 

are very noticeable in the vicinity of Pinehill, Ulster co. and adjacent 

territory. The leaves are mostly wilted and some of them have turned 

brown. June 30. Cherry aphis {[Myzus cerasi] is numerous in some 

parts of Athens. July 3. The elm leaf beetle is doing considerable 

damage in the river section of this county, but it is not so serious as last 

year. It does not appear to be present any great distance from the river. 

Aug. 3. A second brood of elm leaf beetles is now developing. The 

injury to maples in certain parts of this county is irremediable, as in the 

towns of Jewett, Lexington, and also in Worcester and Decatur, Otsego 

co. ‘The fall web worm [Hy phantria cunea] is present in rather 

small numbers. Aug. 26. 

Herkimer county (G. S. Graves, Newport)—More than 90% of 

the egg belts of the forest tent-caterpillar [Clistocampa disstria] 

are onthe maple trees. Many of the egg belts are quite irregular in 

form. Oct. 16. There do not appear to be more than 25% as many 

egg belts as there were last fall. Ap. 5. ‘Brown and black woolly bears 

[Pyrrharctia isabella] are very abundant, even crawling on the 

snow. ‘The pupils in school 21 of Utica collected 11,729 egg clusters of 

the forest tent-caterpillar this spring. Ap. 17. Appletree tent-caterpillars 

[Clisiocampeaa americana] were first noticed last Sunday, the 

22d, and since that time they have appeared in considerable numbers, 

particularly on appletrees. Forest tent-caterpillar eggs are practically 

free from the protective covering. Ap. 28. Both species of tent-cater- 

pillars are hatching rapidly and in numbers, the forest tent-caterpillars 

appearing four days later than the others. May 4. All the forest tent- 

caterpillars seen by me on the 5th and 7th seemed to be alive, and on 

the latter date they were warmed up enough to drop readily 

on threads when the limbs were jarred. The recent cold does not 

appear to have affected them. May ro. I examined today 500 to 

rooo clusters of caterpillars of both species and feel justified in saying 

that they were not harmed by the cold weather. I saw in several in- 

stances the cast skins of caterpillars, and at first could not locate their 

present whereabouts, but in each case they were finally found. No cat- 

erpillars have as yet been seen on the maples, which are leafing out very 

slowly. May 14. Case-bearers [probably the cigar case-bearer, Cole - 

ophora fletcherella] are quite numerous on the apple. May 19. 
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The case-bearer appears to be present on many trees. The maples are © 

affected by some insect, a borer [probably the maple borer, Plagiono- 

tus speciosus| May 25. Forest tent-caterpillars are quite plentiful 

on the witch hazel and occasionally on the hickory. They are appearing 

a little more abundantly on maples, but in many instances they are more 

numerous on the appletrees. May 29, Appletree bark louse [M ytil- 

aspis pomorum]| appears to be increasing on the appletrees in this 

vicinity. June 5. This year the forest tent-caterpillars appear to have 

deserted the maples for apple and basswood. Currant worms [Ptero- 

nus ribesiil are just beginning to damage the bushes. June 11. At 

least 75% of the cocoons of the forest tent-caterpillars on some appletrees 

are parasitized. June3o0. In adjacent forests at least 90% of the co- 

coons of the forest tent-caterpillars have been destroyed by parasites. 

July 6. Datana ministra appears to be very destructive to apple 

and elm, and the cigar case-bearer has been quite injurious in this sec- 

tion. Aug. 7. Cabbage butterflies [Pieris rapae] have become 

very numerous since my last report. Aug. 24. Woolly apple aphis 

[Schizoneura lanigera] is quite plentiful, specially on Ca 

growing from roots. Oct. 15. 

Jefferson county (George Staplin, Mannsville) — Appletree tent- 

caterpillars [Clisiocampa americana] are not as numerous as 

last year. Thehorn fy [Haematobia serrata] has appeared on 

cattle. May 19. No forest tent-caterpillars [Clisiocampa dis- 

stria] have been seen. Cut worms are attacking corn *to some extent. 

Curculios [Conotrachelus nenuphar] are working on plums and 

to some extent on pears. Many dead grasshoppers are found in the 

meadows. [They were subsequently found to be infested by Massos- 

pora cicadina Peck, as determined by state botantist Peck.] 

June 6. The first forest tent-caterpillar was observed June g, and I have 

seen less than 20 this year. Spittle insects are plenty in meadows. June 12. 

Cigar case-bearer [Coleophora fletcherella|] is working to some 

extent on pear leaves. June 16. A forest tent-caterpillar was seen Aug. 

1, probably the last of the season. They have done no appreciable 

damage in this section. Potato beetles are not nearly as numerous as in 

preceding years. Yellow-necked apple worms [Datana ministra] 

are just hatching but are not very numerous yet. Katydids are very 

abundant. Aug. 15. Fall web worms [Hyphantria cunea| are 

plenty on maple and ash but are not abundant on appletrees. Sep. 15. 

Livingston county (W. R. Houston, Geneseo)—Tent-caterpillars 
[Clisiocampa americana] made their appearance on fruit trees 
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in this locality about Ap. 12, and they are just as numerous as last year, 

if not more so. May 12. I have noticed on the fruit trees many dead 

caterpillars, which, I think, is due to the cold weather of April and the 

first days of May. A few asparagus beetles [Crioceris asparagi] 

were observed today for the first time this season. May 19. About a 

’ week ago I noticed on a young peachtree that some kind of a bud worm 

was attacking the unfolding leaf buds [probably Anarsia linea- 

tella]. Many of the young apple and peartrees are covered with green 

plant lice. May 25. 

Madison county (C. A. Owen, Munnsville)—The frosts have injured 

the apple and forest tent-caterpillars[Clisiocampa americana, C. 

disstria] some, but I am unable to ascertain how much. In some 

localities they have been hurt more than in others. Appletree caterpillar 

tents are being quite generally destroyed in this section. May 17. A 

farmer told me yesterday that last year the forest tent-caterpillars stripped a 

piece. of wheat that grew near the woods. May 24. They are very 

abundant on the hills, but in the valley they are not one hundredth part 

as thick as last year. The late spring frostsseemed to be heavier in the 

valley, and numerous places can be seen where the caterpillars hatched 

and began to move and then were killed by the cold. Junexz. Thereis 

not much change to report. In one place the forest tent-caterpillars 

have left a piece of woods in a body, going across the road in an almost 

solid mass toward a stone wall, though no trees were within three quarters 

of amile. Another man says that the caterpillars have left the woods 

and attacked a nearby red raspberry patch. June 8. The tent-cater- 

pillars of both species are nearly all gone. They have worked in strips 

here and there. Some of the caterpillars dropped out of their leaves 

after they were unable to crawl, and perished. June 21. 

Monroe county (Lewis Hooker, Rochester)—Appletree tent-cater- 

pillar [Clisiocampa americana] eggs have hatched within the 

past week, and the larvae are building their tents, apparently as numerous 

as in previous seasons. The plum Lecanium is also developing very 

rapidly, and on our trees itis verynumerous. Mays. The pistol and cigar- 

case bearers [Coleophora malivorellaandC. fletcherella} 

have commenced their depredations on the appletrees. The bud moth 

[Tmetocera ocellana| has also commenced feeding on the buds. 

May 11. The cold, rainy weather has not affected the tent-caterpillars, 

May 12.. Nymphs of pear pyslla [Psylla pyricola] have appeared. 

Case-bearers and bud moths are doing considerable damage to apple- 
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trees. May 17. Cankerworms have made their appearance on the. 

appletrees in this vicinity. The gooseberry and currant bushes begin to 

show the work of the currant worm [Pteronus ribesii]. May 24. 

Montgomery county (DrS. H. French, Amsterdam)—The forest 

tent-caterpillar [Clisiocampa disstria] caused some damage here — 

last year; and we shall probably suffer much more the present season. 

Ap. 12. May 61 found nests of appletree tent-caterpillars [Clisio- 

campa americana] onchoke cherry bushes outside the city. The 

nests were about 2 inches in diameter, and the caterpillars were very slug- 

gish but were active when warmed up. May g. Appletree tent-cater- 

pillars appear to be less in number than for several years past. No effort 

is being made to destroy the forest tent-caterpillars. May 22. There 

have been practically no forest tent-caterpillars in this city. June 11. 

Niagara county (R. H. Darrison, Lockport)—Farmers think that 

the recent cold has simply retarded the development of the caterpillars, 

and they think that there will be an unusually large number of appletree 

tent-caterpillars [Clisiocampa americana]. Mayr. Tent-cater- 

pillars are growing rapidly and are present in great numbers south of the 

city. May 20 one nest was found with 2 30 two thirds grown caterpillars. 

May 24. The caterpillar pest has been pretty well controlled in this 

vicinity by spraying and destroying the nests, June 2. Cankerworms 

are doing considerable mischief to appletrees in many places in this part 

of the state where the trees have not been protected. Juneg. The two 

asparagus beetles, Crioceris asparagi and C. 12-punctata, 

are present in this vicinity.. A pest is feeding on the green fruit, eating 

into the young apples from the outside [in all probability the palmer 

worm, Ypsolophus pometellus]. July 26. 

Oneida county (Mrs M.S. Miller, Aldercreek)—The roadsides are 
much whitened by caterpillar tents, the nests being not only on trees 

and shrubs but also on milkweed, grasses and any green thing. 

[This is the cherry Tortrix, CC acoecia cerasivorana]. Potato 

beetles [Doryphora ro-lineata| were never worse. June 21. 

The woolly elm aphid [Schizoneura americana] is disfiguring 

the leaves of a young elm. The cherry Tortrix continues to be abundant 

along the roadsides. June 27. Potato beetles are not numerous and 

grasshoppers. are few. July 16. The monarch butterfly [Anosia 
plexippus] is present in very great numbers. Aug. 1s. 

Onondaga county (Mrs A. M. A. Jackson,Warner)—I can not see 
that the cold weather has had much effect on the appletree tent-cater- 
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pillars [Clisiocampa americana] in this section. They remained 

in the web during the cold spell. They appear to have been a little late 

in hatching, as no webs were observed till after May 1, while along the 

highway in the valley webs were numerous Ap. 26. Lady beetles were 

found in the vicinity of egg clusters which had been eaten out by some 

insect. A large spined soldier bug [P Podisus spinosus] was seen 

with a small tent-caterpillar on its extended beak. May 11. Can- 

kerworms made their appearance about May 10, and on the 28th, as we 

drove from Warner to Syracuse, I did not see a tree but that was badly 

eaten by them. They were on elm, maple, basswood, apple, cherry, etc. 

They are by far the worst pest in this section. There do not appear to 

be as many appletree tent-caterpillars as usual. A few forest tent-cater- 

pillars [Clisiocampa disstria] have been seen, but they are not 

doing much damage. June 6. Wheat was damaged more than last 

season by the Hessian fly [Cecidomyia destructor], as fully 

one third was down. The damage was confined to a few fields of early 

sown grain. July 24. ; 

Ontario county (J. J. Barden, Stanley)—The orchards about Union 

Springs, Cayuga co., are badly infested with [Le canium ?cerasi- 

fex]. Dec. 14. The freezing of the past week does not seem to have 

decreased the numbers of tent-caterpillars [Clisiocampa ameri- 

cana]. I have found thousands of nests, and in none of them were 

there dead caterpillars. The forest tent-caterpillar [Clisiocampa 

disstria] appears to be ten times as abundant as last year. They 

seem to be unaffected by the cold. The fruit tree bark beetle [Scoly- 

tus rugulosus| is doing great damage in commercial orchards near 

Geneva. May 14. The pale striped flea beetle [Systena taeniata] 
is working serious mischief on seedling appletrees, and it is also very 

abundant on sugar beets. The 12 spotted asparagus beetle [Crioc- 

eris 12-punctata] has appeared at Stanley and also at Newark, 

July 2. Colorado potato beetle [Doryphora ro-lineata] has 

done little damage the present season. The 12 spotted asparagus 

beetle is very abundant at Fredonia, Chautauqua co. and at Almond, 

Allegany co. The common asparagus beetle is also abundant at these 

places. Aug. 16. 

Orange county (J. M. Dolph, Port Jervis)—The scurfy bark louse’ 

[Chionaspis furfural] is bad on currant bushes in some places. 

Ap. 23. The tent-caterpillar [Clisiocampa americana] has 

never been very abundant in this region, and I have seen but.one nest 
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this season. Many of our maples are affected by borers [probably 

Plagionotus speciosus]. May 14. I inclose a piece of bark 

from a Siberian willow which was killed by a scale insect [appletree bark 

louse, Mytilaspis pomorum]. Aug. 8. 

Orleans county (Virgil Bogue, Albion)—I am unable to find any 

evidence of the cold seriously affecting the tent-caterpillars [C lisio- 

campa americana]. They are not abundant in this vicinity. May 

12. The foliage of fruit trees in this section is the most perfect I have 

known it to be for years. The palmer worm [Ypsolophus pome- 

tellus] is not present here. July 17. I recently took the inclosed 

specimen [Polystochoetes punctatus]. I have never seen one 

like it. Honeybees have done better than last year, but even this is not 

very good. Aug. 20. | 

Oswego county (C. B. Cook, Oswego Center)—Appletree tent-cater- 

pillars [Clisiocampa americana] are numerous in this section, 

but forest tent-caterpillars [Clisiocampa disstria] are compara- 

tively scarce. The cold weather does not appear to have harmed the 

tent-caterpillars. Bud moth [Tmetocera ocellana] has com- 

menced work to a considerable extent in some orchards. A borer is 

operating in tomato stalks under glass. [It may be the stalk-borer, 

Hydroecia nitela.] May17. Cabbage worms [Pieris rapae} 

and potato beetles [Doryphora 1ro-lineata| are appearing in con- 

siderable numbers. Appletree tent-caterpillars are very numerous, but 

there are very few of the forest tent-caterpillars. May 30. Appletree tent- 

caterpillar is very bad in many orchards, the worst I have ever seen. As- 

paragus beetles [Crioceris] are destructive in this section. The com- 

mon currant worm [Pteronus ribesii] is doing some damage. 

June 12. During the past week white grubs have been doing consider- 

able harm in recently set strawberry beds. There have also been a few 

bad cases of cankerworms on appletrees. The appletree tent-caterpillar 

has done more damage than was anticipated, denuding many orchards. 

The plum curculio [Conotrachelus nenuphar] is quite numerous 

on my place. The insect, which eats holes in the sides of apples and 

pears, has injured considerable fruit, but, owing to the exceptionally full 

set, the damage will not be very great. [This may be Xylina anten- 

nata or Ypsolophus pometellus.] Potato beetles have been 

abundant this spring. June 29. The first brood of codling-moth [Car- 

pocapsa pomonella| is doing much damage to apples and less 

to pears. Potato beetles [Doryphora 1o-lineata], striped 
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cucumber beetles [Diabrotica vittata] and squash bugs 

{Anasa tristis] are present in usual numbers, Tomato worms 

[Phlegethontius celeus] are doing some damage. Curculio 

injury has been comparatively light. The cabbage worms are unusually 

persistent. Aug. 8. 

Otsego county (L. I. Holdredge, Oneonta)—The spring brood of 

Pieris rapae is quite abundant. The larvae of Clisiocampa 

disstria have already appeared on the maples in several instances. 

This insect has been a great pest in this locality for the past two years, 

specially the last, when the caterpillars stripped many of the maples, as 

well as greatly damaging sugar bushes in the vicinity. I have collected 

Lepidoptera for about 10 years in and about Oneonta, and previous 

to 1897 Cliocampa disstria was very rare, so that up to that time 

it was represented in my collection by but five native examples. During 

this ttme Clisiocampa americana was verycommon. Now it 

is difficult to find an example of the latter. The maple and appletrees 

are literally loaded with eggs of the forest tent-caterpillar, Ap.30 The 

recent rains and prolonged cold weather have materially lessened the 

‘danger of injury by the forest tent-caterpillar. The bad weather came 

just as the larvae were hatching and killed very many. I find, however, 

that there are still a goodly number of caterpillars on the maples, but I 

have noticed scarcely any on the appletrees. May 21. ‘The caterpillars 

of Euvanessa antiopa have been particularly destructive to elms 

and in some cases they have stripped the leaves from the upper branches. 

Oueonta has not been damaged by the forest tent-caterpillar, though 

reports are received of their work from nearby places. July 16. 

Queens county (C. L. Allen, Floral Park) — Asparagus beetles 

(Crioceris asparagi] were never worse. May, 11. The pea 

aphis [Nectarophora pisi Kalt.] so destructive last year, has 

‘visited but one farm this season, and the injury there is but slight. The 

potato beetle [Doryphora 1o0-lineata] is very much in evidence, 

May 24. The pea aphis is doing considerable damage. The early crop 

has not suffered much, but there is little hope for later plantings. The 

pines at the east end of the island are being destroyed by a weevil. [It 

proves to be the work of several species of bark beetles] June 1g, 

Hundreds of acres of peas are now being plowed under, a result of the 

work of the pea aphis. June 29. The [margined blister beetle, E pi- 

cauta cinerea| is doing considerable mischief in my beets. July ro. 
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Rensselaer county (W. C. Hitchcock, Cropseyville)—I have been 

unable to find that a single colony of the tent-caterpillars [Clisio- 

campa americana| was destroyed by the frost of some 1o days 

ago, though I found a number of caterpillars which had been killed. I 

have never known the appletree tent-caterpillars to be more plenty than 

at present. I have observed the orioles, vireos, chickadees, and wood 

sparrows feeding on them. May 21. The stalk-borer, Hydroecia 

nitela, is doing a great deal of damage in some cornfields. One 

appletree has been nearly destroyed by plant lice, Aphis mali, 

which cause the leaves to curl so badly. June 16. Grasshoppers have 

become a serious pest in this immediate vicinity. Farmers are in many 

instances cutting their oats in order to save them, and one declares that 

more oats lie on the ground than remain on the stalk. In two cases 

buckwheat has been entirely destroyed. Aug.1. I find that the grass- 

hoppers are most numerous in a belt reaching from Castleton through 

the towns of Schodack, Sandlake, Poestenkill, Brunswick and Pittstown, 

more numerous in some places than in others, but causing much damage 

all the way. The horn fly [Haematobia serrata] has never been 

sO numerous asnow. Aug. 13. [The principal species of grasshoppers 

concerned in the above recorded depredations prove from examples sent — 

to be the red-legged grasshopper, Melanoplus femur-rubrum 

DeGeer, and the large Carolina locust, Diss osteira carolina 

Linn. | 

Rockland county (S. B. Huested, Blauvelt) — Tent-caterpillars 
[Clisiocampa americana] have appeared as usual but not in 

large numbers. The cool weather has undoubtedly retarded them, 

May 9. May beetles are unusually prevalent this season, and, by an 

experiment with a lighted lantern in a tub partly filled with water on the 

piazza over night, we caught about 50. They have been quite destruc- 

tive to the young shoots of plum, seeming to prefer the choice buds of 

climax plum. The pear midge [Diplosis pyrivora] has appeared 

in numbers. But two potato beetles [Doryphora 1o-lineata] 

have been seen so far. There are but few elm leaf beetles as yet. May 

26. The elm leaf beetle [Galerucella luteola] was very destruc- 

tive some years ago, but now it is present in very small numbers. The 

oaktree-pruner [Elaphidion villosum] is more injurious than 

usual, strewing the lawn with branches cut from the trees. July 20. 

St Lawrence county (Mary B. Sherman, Ogdensburg)—Spring 
cankerworm moths, Paleacrita vernata, were unusually numerous 
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in one garden, [Raphidodemas titea Cram.] was also taken at 

this time. Ap. 26. Appletree tent-caterpillars [Clisiocampa 

americana] made their appearance during a warm spell on Ap. 28. 

It has been very cold since, the mercury dropping to 15° and 20° above 

zero, and I have not seen any of them since then. May 1o. I find on 

a neighbor’s trees many tent-caterpillars which have survived the recent 

cold and rain. The town is full of birds, and they are doing good work 

feeding on the forest tent-caterpillars [Clisiocampa disstria]. 

May 18. The English sparrow has been eating the forest tent-caterpil- 

lars, and last summer they attacked the cocoons and fed on the moths- 

We have an unusual number of orioles, which I have seen feeding on the 

caterpillars. I have also seen the yellow and several other warblers, the 

yellow-billed cuckoo, the robin, the cedar waxwing and, I believe, the 

house wren feeding on the caterpillars. ‘The maples in front of the house 

have been filled with warblers, all of which were very busy with the 

trunks and branches, and yesterday I noted five varieties. May 26. We 

have practically no forest tent-caterpillars in town. They hatched in 

large numbers, but the cold evidently killed many, and the birds appear 

to have cared for the remainder. ‘They are said to be present in large 

numbers in the country. The appletree bark louse [Mytilaspis 

pomorum]| is abundant on appletrees, vines and shrubs. June r. I 

have seen but one forest tent-caterpillar since sending my last report. 

The appletree tent-caterpillar is very abundant in the country. June 9g. 

Two fine maples are badly infested with borers [since proved to be 

Prionoxystus robiniae]. June 16. I send you two pupal cases 

[Prionoxystus robiniae] which were projecting from the trunk 

of the tree. Much of the bark on this tree is loose, and the trunk is full 

of burrows. June 20. Moths of [Prionoxystus robiniae] were 

taken on the infested maple today, the 2d. Pupal cases of this insect are 

very abundant on the trees at the state hospital. Grasshoppers are pres- 

ent in myriads, more than we have ever seen before. The spiny elm 

caterpillar [Euvanessa antiopa] has done much damage to small 

elms. July 2. There are a great many beautiful maples dying in this 

vicinity, probably from borer attack, as mentioned above. The gouty 

gall beetle, Agrilus ruficollis, is causing considerable trouble. 

July 7. 
Saratoga county (Rhoda Thompson, Ballston Spa) — Neglected 

appletrees and maples show signs of injury from the apopletree tent-cater- 

pillar[Clisiocampa americana|and from the forest tent-caterpillar 
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[Clisiocampa disstria]. June 2. Tent-caterpillars have ap- 

peared in considerable numbers. June 8. Appleaphis [Aphis mali] 

is very abundant on some trees, causing the leaves to curl. June 18. 

Schenectady county (Paul Roach, Quaker Street) —Tent-caterpillars 

[Clisiocampa americana] are just hatching on the sunny side of 

the egg clusters. On the 8th they were active and feeding on the buds, 

and that night we had a hail storm, and on the goth it was cold and 

windy, and they seemed dormant but hugged closer together. On the 

night of the gth ice one half inch thick was formed, and on the morning of 

the roth the caterpillars were still alive, but they seem dormant, and, if 

the cold spell lasts a few days, I think that many will starve to death. 

Eggs of the white marked tussock moth [Notolophus leuco- 

stigma] are quite numerous. May to. The forest tent-caterpillar 

[Clisiocampa disstria] has worked havoc in orchards here, 

some being as bare as in midwinter. The appletrees suffered most, next 

plum, pear and cherry. Forest trees are attacked in the order named: 

ash, linden, elm, and maple. Some of the caterpillars died of a disease ; 

about May 25 the rest began to spin their cocoons. At this time a 

cold storm came on, and but very few cocoons can be found. My 

orchard and shade trees were sprayed with arsenate of lead, and, while 

great clusters of worms can be found on the trees, the caterpillars have 

eaten but little,some not at all. It is cheap, easy of application, efficient, 

and with me has not burned the foliage of Japanese plums, the tenderest 

of all. June 22. a 

Schoharie county (J. F. Johnson, Breakabeen)—The appletree tent- 

caterpillar [Clisiocampa americana| is appearing in great numbers 

this spring. I have also found many forest tent-caterpillars [C lisio- 

campa disstria]. Mayz1o. The cold and frost of last week has 

checked the caterpillars. Mayr1g. The forest tent-caterpillars are doing 

very much damage. They are attacking the plum and other fruit trees. 

May 25. Appletree bark louse [Mytilaspis pomorum] is very 

thick on poplar and willow. There is now considerable variation in the 

size of forest tent-caterpillars; some are full. grown and others half the size. 

June r. Forest tent-caterpillars are spinning their cocoons. They have 

done a great deal of damage this year, stripping the foliage from many 

trees and then attacking the new growth. July 26 The moths of 

[Clisiocampa disstria] are appearing in great numbers. In a 

place 5 miles square I think there are 500 acres of woods which have 

been defoliated by the forest tent-caterpillars. July 13. <A little black 
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beetle [E pitrix cucumeris] has worked on beans and potatoes to 

some extent. Aug. 6. 

Schuyler county (H.W. Smith, North Hector)—Appletree tent- 

caterpillar [Clisiocam pa american a] has appeared on wild cherry- 

trees. The appletrees are quite generally infested with [the apple aphis, 

Aphis mali], the insect being very numerous on the buds. Ap. 26. 

The apple aphis is still present on unsprayed trees ; and in several instances 

a small brown worm was found eating into the buds. [It is the bud moth 

larva, Tmetocera ocellana.] Tent-cater pillars are hatching on 

appletrees and peachtrees in great abundance. May 4. The tent-cater- 

pillars have been killed to some extent by the cold, but those on trees in 

sheltered places are as lively as ever. May 12. The common asparagus 

beetle [Crioceris asparagi] was found for the first time this spring. 

Tent-caterpillars have begun feeding again with the return of warm 

weather. May 17. Currant worms [Pteronus ribesii] are work- 

ing to some extent on unsprayed currant bushes. May 24. 

Seneca county (J. F. Hunt, Kendaia)—Tent-caterpillars [C lisio- 

campa americana] commenced hatching about Ap. 22-25, and 

now they are very abundant. Forest tent-caterpillars [Clisiocampa 

disstria] hatched from Ap. 28 to 30, and they seem to be nearly as 

numerous as the other species. Last spring was the first time that I saw 

the forest tent-caterpillar in this section. I found today where they had 

eaten holes through the sides of peach buds to get at the flower within. 

May 3. The hard freeze of May 6 and 7 did little damage to the cater- 

pillars, it only checked their feeding. There are plenty of curculios 

[Conotrachelus nenuphar] waiting on the plum and apricot 

trees for the fruit. May 15. Both species of tent-caterpillars are abun- 

dant, though there are few of the appletree species within their tents. The 

curculios are more abundant on the plums and apricots than for many 

years. I have taken as many as 50 in jarring one tree, and obtain an 

average of 4o from large trees. There are very few plums stung yet. 

Our greatest trouble is the forest tent-caterpillar, which is numerous on 

almost every tree. May 29. Curculios are so abundant that it would 

be impossible to save our plums, were there only an average setting of 

fruit; as it is, after three fourths have been stung, there will be plenty 

left. We have caught over 5000 from less than 200 trees, and we never 

_ had anything like it before. Reports from all over the county confirm 

the statement that the forest tent-caterpillar is abundant in places 

where but few were seen last year. June 6. The cherry aphis [Myzus 
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cerasi] was very abundant at one time this season, but a lady bug and 

its larva and other beneficial insects soon reduced it to comparatively 

harmless numbers. The Hessian fly [Cecidomyia destructor} 

has done considerable damage to some pieces of wheat in this section. 

The currant worm [Pteronus ribesii] was not as abundant as in © 

previous years. July 7. 

Steuben county (E. P. St John, Prattsburg)—The webs of the 

appletree tent-caterpillar, Clisiocampa americana, are very 

abundant on wild cherry. The first web was noticed May 2. Some- 

times one tree contains a dozen webs. May 7. The recent cold weather 

has apparently not harmed the tent-caterpillars. The caterpillars have 

not been very numerous on my farm since I sprayed my trees last year 

just after they blossomed, with paris green and bordeaux mixture and 

supplemented that by burning the nests. This year I found the eggs 

most abundant in one corner of my orchard near some wild cherrytrees, 

on which the insects evidently bred. May 1s. 

Tompkins county (C. E. Chapman, Peruville)—Appletree tent-cater- 

pillars [Clisiocampa americana] began hatching Ap. 22; only 

about two thirds of the eggs hatched. Green aphids [Aphis mali} 

are abundant on appletrees. May 1. The cold weather has held the 

tent-caterpillars in check but otherwise it does not seem to have harmed ~ 

them. May 15. Potato beetles [Doryphora t1o-lineata] are 

numerous on early planted potatoes. Appletree tent-caterpillars are now 

well grown. Plant lice are thick on young plumtrees and also on straw- 

berry plants. June 5. The grubs of May beetles are feeding on young 

blackberry shoots. June 12. Forest tent-caterpillars [Clisiocampa 

disstria] are everywhere but not in sufficient numbers to cause much 

damage. The 12-spotted Diabrotica[Diabrotica 12-punctata] 

is attacking sugar beets in small numbers. Potato beetles are not thick 

and no eggs have hatched yet. June 26. Striped cucumber beetles 

[Diabrotica vittata] are abundant, and the same is now true of 

potato beetles. Some forests show the effects of the forest tent-caterpil- 

lars, and some bee-keepers complain of the lack of basswood blossoms, 

which have been cut off by the caterpillars. July 9. Hessian fly 

[Cecidomyia destructor] is bad in unharvested fields of wheat. 
July 26. 

Ulster county (G. S. Clarke, Milton)—Appletree tent-caterpillars 
[Clisiocampa americana] are much more numerous than they — 

were last year. ‘They threaten to do considerable damage. The bud 
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moth caterpillars [Tmetocera ocellana] are quite abundant on 

appletrees. May 4. The cool weather of the past few days has kept the 

insects in check. May 12. Thecurrant worms [Pteronus ribesii] 

are increasing in numbers, and many are spraying their bushes with 

poison. A bud moth [probably Anarsia lineatella] is hurting 

peaches in some localities. May 19. The currant worm has been 

abundant in places where it was not fought last year. Tent-caterpillars 

have about all spun their cocoons. A small caterpillar [probably 

Anarsia lineatella] has been working in the peach blossoms, and 

it has also cut off a great many sets. The bud drops off early asa result 

of the attack, May 26. A few aphids occur on appletrees and cherry- 

trees and currant bushes. Pear psylla[Psylla pyricola] is present 

in small numbers, but has been controlled in a neighboring orchard by 

spraying with a mechanical kerosene emulsion. June 1. The aphis is 

quite plentiful on cherrytrees, there are some on appletrees and a few on 

currant bushes. Second brood of currant worms is hardly apparent. 

June 15. The second brood of currant worms was numerous where the 

bushes had not been sprayed. June 30. ‘Two years ago the elm leaf 

beetle [Galerucella luteola] denuded a number of trees, but this 

season the attack has been much less severe. The squash bug [Anasa 

tristis] is plenty on some vines, July 26. 

Warren county (C. L. Williams, Glens Falls)—Two small beetles 

[Silvanus surinamensisand Cathartus gemellatus] were 

sent with the statement that for some time one of the large shirt and 

collar factories had been troubled with dirt and stains in the collar 

linings. The stain was like iron [and from examples submitted later for 

inspection, it was seen that they were probably caused by the crushed 

particles of these insects, though the remains were so fragmentary as to 

prevent any attempt at more than a probable determination]. Once I 

found what was certainly a fragment of a wing cover of one of these 

beetles, and the insects were taken from the cloth. Oct. 20. An offer 

of 50c a hundred for egg clusters of the forest tent-caterpillar [Clisio- 

campa disstria] resulted in the collection on the 7th of 2100 egg 

belts, of 4700 on the 14th and 4400 on the 18th. There were quite a 

number of the eggs hatching on the latter days, but the egg belts had 

probably been kept in a warm place by the children. Many of the 

appletree tent-caterpillar eggs [Clisiocampa americana] are 

brought in with the others and are also bought, Ap. 20. Saturday 

3490 egg belts were bought and today 500 more. The caterpillars 

are hatching out rapidly, the appletree species being the first to 
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appear by afew days Ap. 27. I have found many egg clusters with 

more than 250 eggs. May 4. Your request for information concerning 

the effect of the recent cold and rain upon the tent-caterpillars was re- 

ceived. At 5 o’clock I found a colony which at first glance appeared 

dead. Closer observation showed that they were only dormant, and the 

apparently dead ones were the cast skins of the first molt. In half an 

hour after bringing the caterpillars into a warm room, they began to 

move and now, 7.30, they are as lively as they can be. They are now 

+, of an inch long. Last night the temperature fell to 29° F., and 

at 6.30 this morning the surface of the ground was frozen. Still farther : 

I have a colony of the caterpillars which I found just hatched out 13 

days ago that have been kept in the temperature of the out of doors 

air, without food, and they are still well and in good working order, 

though a little thin. May 11. The young caterpillars mentioned in 

my previous report lived 16 days without food. May 18. A trip 

about the village shows only here and there slight evidences of the cat- 

erpillars, which are now about 4 inch long. May 25: ‘The forest tent- 

caterpillars are quite injurious in some sections of Glens Falls, specially 

in parts where they had not been numerous the preceding season. The 

caterpillars in these places are 14 inches long. May 28. Forest tent- 

caterpillars are not abundant in the village, particularly where they were 

diligently fought last season. Natural enemies as well as artificial means 

of destruction have brought this about. There are more of the pests in — 

South Glens Falls and Sandyhill. June 8. The forest tent-caterpillars 

appear to have all disappeared. Appletree tent-caterpillars have not 

been so few for years. Neighboring villages have had plenty of them. 

The rose beetle [Macrodactylus subspinosus] is abundant on 

daisies and at times does great damage to roses. One gentleman has had 

his grape blossoms entirely destroyed by it. June 29. 

Washington county (H. L. Beadle, West Cambridge)—Apple 

aphis [Aphis mali] is veryabundant. May 2. Appletree tent-cater- 

pillars [Clisiocampa americana] were present in usual numbers 

a week ago, but this morning I found only 22 nests, and 50% of the 

caterpillars in those were dead. May 11. Closer examination shows 

that tent-caterpillars are very scarce. The cankerworm has appeared in 

destructive numbers in a few localities. 

Wayne county (C. H. Stuart, Newark)—I fail to find that the cold 

did any harm to the appletree tent-caterpillars [Clisiocampa ameri- 

cana], though some of our men think such to be the case. I find them 
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on apple, plum, peach, cherry, wild cherry, apricot, pear, elder, dogwood 

and American elm. Some are about two weeks old and 4 inch long 

and others are just hatching. Mayzrr. I found ro soldier bugs [Po di- 

sus Spinosus| around one nest of the tent-caterpillar, one of which 

was feeding on a caterpillar. I have repeatedly found these bugs 

with the larva of a potato beetle on the extended beak. May 14. I 

am now convinced that the recent cold did the appletree tent- 

caterpillar little harm, for, though some recertly discovered cater- 

pillars were not more than 4 inch long and had almost no 

web to cover them, they went through a frost that froze the 

leaves stiff night before last without the least appearance of 

injury. May 14. Many of the appletree tent-caterpillars are nearly 

full-grown and they are more active than ever. The damage to many 

orchards is something awful, as they have lately been working on a large 

variety of trees, though they show a decided preference for apple and 

cherry. In addition to the preceding list, I have also found them work- 

ing on the thorn (Pauis new double), beech and poplar. May 28. The 

cankerworm has appeared in great numbers in both orchards and forests. 

Many orchards are as brown as though burned by fire. Both species of 

tent-caterpillars have done great damage. June5. The inclosed beetle 

[Systena taeniata]| has destroyed nearly 20,000 apple seedlings 

within a week, It was easily controlled by spraying with paris green. 

The seedlings are cultivated every week, and it was between two culti- 

vations that the mischief was done. June 27. 

Westchester county (Mrs E. H. Mairs, Irvington) — The cold 
weather delayed the appearance of the appletree tent-caterpillar 

[Clisiocampa americana], but did not destroy many. Potato 

beetles [Doryphora ro-lineata] are unusually numerous, cut- 

ting young plants off above the surface and devouring eggplants as soon 

as setout. May 25. 

Wyoming county (W. H. Roeper, Wyoming)—Apple aphis 
[Aphis mali] is very abundant on the buds. The appletree tent- 

caterpillar [Clisiocampa americana] made its first appearance 

today. The insect will probably. be very abundant. Ap.27. The cold 

weather has kept the tent-caterpillars back, and they are working rather 

slowly, but the hard frosts do not seem to have killed them. May 12. 

The warm weather has resulted in much greater depredations by the 

appletree tent-caterpillars, and in some places they are stripping the 

trees. Mayi1g. Tent-caterpillars have done very much damage in both 



1026 NEW YORK STATE MUSEUM 

Wyoming and Genesee counties, as shown by a recent trip; in some 

places the trees are entirely denuded. Cankerworms are very abundant, 

and, unless the trees are sprayed, many of them will be denuded of foli- 

age. May 31. . 

Yates county (Cyrus R. Crosby, Penn Yan)—Appletrees are badly in- 

fested by aphids [A phis mali], there being 20 to 30 lice on each bud. 

About 10% of the buds are infested with bud moth larvae [Tmetocera 

ocellana]. Mourning cloak butterflies [Euvanessa antiopa] 
are more abundant than usual. May 4. The grapevine flea beetle 

[Haltica chalybea] is doing very little damage. One vineyard 

of three acres which was badly affected two years ago, and in which 

they were very numerous last spring is entirely free now. The beetles 

were thoroughly picked last spring, and the leaves sprayed with paris 

green. May 11. The cold does not seem to have affected the appletree 

tent-caterpillars [Clisiocampa americana]. I have seen but 

one bunch of forest tent-caterpillars [Clisiocampa disstria]. 

May 12. Appletree tent-caterpillars are as abundant on the apple, peach 

and plum, as last year, but the forest tent-caterpillars appear to be far 

less numerous. May 18. ‘Tent-caterpillars [probably both species] are 

doing damage everywhere. May 25. ‘Tent-caterpillars are doing great. 

damage to appletrees around Penn Yan, and some maples are as bare as. 

in winter. June 2. I find a species of [X ylina] to be quite common 

on apricots as well as the plum curculio [Conotrachel us nenw- 

phar]. Juneg. Cankerworms are said to be doing considerable dam- 

age in the northern part of the county. I found several larvae [Alyp ia 

octomaculata] on grapes. June 15. I have found trouble in 

keeping the vinegar fy [Drosophila ampelophila] out of 

cheese case. July 2. The wheat in a great many fields is from one 

fourth to one half down as the result of the work of the Hessian fly, 

Cecidomyia destructor, July 13. Late peas are full of bugs 

[Bruchus pisi]. July 20. 
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column, and the second the exact place in the column in ninths; e. g. 

. 63: 9937 means vol. 63, p. 993, column 2, beginning in the third ninth, 

i. e. about one third of the way down. 

Memorial of life and entomologic work of Joseph Albert Lintner Ph.D. 

(Bul. N. Y. state mus. 5. no. 24. [issued 30 Oct. 1899] 316 p.1 pl. 

Supplement to 14th rep’t state entomol., 1898) 
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Horse guard identified. (Country gentleman, 9 Nov. 1899, 64: 896°) 
Monedula carolina Fabr. is briefly noticed, and the trial of kerosene 

on pools for the destruction of horseflies is advised. 

Entomology (University of the State of New York. Handbook 16. Oct. 

1899 [issued 10 Nov.]| 8p.) 

A brief account of the office and its work. 

Paint versus borers (Country gentleman, 16 Noy. 1899, 64: 9171") 
Gives several washes for borers, and states that brown or yellow paints 

would probably be better for ends of cut limbs than white lead. 

Descriptive catalogue of insects exhibited at New York state farmers 

institutes. Formulas, [Issued 20 Nov.] 3op. 
. The more striking characteristics of about 100 injurious or beneficial in- 

sects are given briefly and methods of treatment outlined. The formulas of 

the more important insecticides are also given. 

Diseased grape roots (Country gentleman, 23 Nov. 1899, 64: 93014) 
The galled, partly decayed roots have probably been attacked by phyllox- 

era. Better material is requested. 

1 Titles are given as published, and in some Instances they have been changed or supplied by 

the editors of the various papers. 
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Voluntary entomologic service in New York state (U.S. dep’t agric. 

Division of entomology. Bul. 20. 1899. n. ser. p. 39-43) 
Describes the organization and operations of this force. 

Notes of the year for New York (U.S. dep’t agric. Division of ento- 

mology. Bul. 20. 1899. n. ser. p. 60-62) 

Records are given concerning the following: willow butterfly, Euva- 

nessa antiopa, I.inno.; flea beetles, Systena frontalis, Fabr., 8. 

hudsonias Forst; forest tent-caterpillar, Clisiocampa disstria 

Hiibn.; elm leaf beetle, Galerucella luteola Miill; asp:ragus heetles, 

Crioceris 12-punctata Linn., C. asparagi Linn.; and {17 year 

cicada, Cicada septendecim Linn. 

[Forest worms and birds] Dairyman [Franklin N.Y.] 22 Dec. 1899. 
Lists birds feeding on forest tent-caterpillar, Clisiocampa disstria 

Hiibn. 

Gipsy moth (Country gentleman, 8 Mar. 1900, 65: 196%) 
Gives a brief sketch of the work against Porthetria dispar Linn. 

and urges action by the federal government. 

Gipsy moth (Clinton [Mass.] courant, 10 Mar. 1goo, p. 7) 
A letter urging support of the excellent work against Porthetria dis- 

par Linn. 

The forest tent-caterpillar (Country gentleman, 15 Mar. 1900, 65 :217"") 
Gives observations on the abundance of the egg clusters of Clisiocampa 

disstria Hiibn in various localities, describes the effect of attack by this 

insect on sugar maples and advises the destruction of eggs where practicable. 

Scale (American agriculturist, 4 Mar. 1900, 65: 375) 

Identifies Aspidiotus nerii Bouché [hederae Vall.] and gives 

remedy. ; 

Forest tent-caterpillar (Argus [Albany] 25 Mar. 1900; New York 

farmer, 5 Ap. 1900, p. 6) 

Recommending the collection and destruction of the more accessible eggs 

of Clisiocampa disstria Hiibn. 

Buffalo tree-hopper (Country gentleman, 5 Ap. 1900, 65: 281%) 
Apple twigs from Loring (Kan.) have been injured by Ceresa bubalus 

Fabr. Habits and preventives given. 

Massachusetts will suffer first (Country gentleman, 5 Ap. 1900, 65: 
283!) 

Describes results if the gipsy moth, Porthetria dispar Linn.,, is 

simply controlled and not exterminated. 

Haystack moth (Country gentleman, 12 Ap. 1900, 65: 3021) 

Identifies Pyralis costalis Fabr. from Welbourne (Va.) and gives 

remedies. 
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Scurfy bark louse (Country gentleman, 12 Ap. 1900, 65: 302%) 

| Chionaspis furfura Fitch from New Dorp (N. Y.) is described and 

remedies are given. 

Elm leaf beetle (American id Ss Ae 14 Ap. 1900, 65: 483) 

The distribution of Galerucella luteola Miill is given and arse- 

nate of lead is recommended. 

Insects injurious to maple trees (4th annual report of the commissioners 

of fisheries, game and forests of the state of New York. 1898 [issued 

March rgo1] p. 367-95. Separate [issued 23 Ap. 1900] p. 31) 

The transformations of insects are discussed briefly, followed by popular 

accounts, illustrated by three colored plates and 11 figures, of the following 

insects: white marked tussock moth,Notolophus leucostigma Abb. 

and Sm., forest tent-caterpillar or maple worm, Clisiocampa disstria 

Hiibn., leopard moth, Zeuzera pyrina Fabr., maple Sesian, Sesia 

acerniClem.,sugar maple-borer, Plagionotus speciosus Say, maple- 

tree pruner, Elaphidion villosum Fabr. and the cottony mapletree 

seale insect, Pulvinaria innumerabilis Rathv., Pimpla conquis- 

itor Say, Pimpla inquisitor Say, Dibrachys boucheanus Ratz, 

lunate long sting, Thalessa lunator Fabr., fiery ground beetle, Calo- 

soma calidum Fabr. and the picvon Tremex, Tremex columba Linn, 

are also figured! and noticed as natural enemies of the preceding forms or as 

associated insects. 

Hatching of tent-caterpillar eggs (Times-Union [Albany] 2 May rgoo. » 

p. 5. Rome [N. Y.] sentinel, 2 May 1go0, p. 3. Argus [Albany] 3 

May 1900, p. 3) 
Gives notice of the eggs hatching and advises immediate spraying. 

Voluntary entomolgic service of New York (Country gentleman, 3 May 

1900, 65: 363"; part in New York farmer, 3 May 1900, p. 5) 

Abstract of reports from voluntary observers. 

Control elm leaf beetle (Argus [Albany] 6 May 1900, p. 7) 
General notice recommending spraying to prevent injuries by Galeru, 

cella luteola Mill. 

[Shade tree insects] (Troy [N. Y.| budget, 6 May 1g00) 
Extracts from article noticing white marked tussock moth, Notolophus 

le ucostigma Abb. andSm., and forest tent-caterpillar, Clisiocampa 

disstria Hiibn. 

Voluntary entomologic service of New York (Country gentleman, 1o 

May 1900, 65 :383'8; New York farmer, 10 May tgoo, p. 8) 

Summary of reports from voluntary observers. 

Cold and caterpillars (Argus [Albany] 13 May 1go00, p. ‘1 ; American 

agriculturist, 26 May 1900, 65: 650) 

Inclement weather has only retarded the tent-caterpillars; spraying is 

urged. 
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Voluntary entomologic service of New York (Country gentleman, 17 

May 1900, 65: 403') 

Abstracts of reports from voluntary observers. 

Voluntary entomologic service of New York (Country gentleman, 24 

May 1900, 65: 422%_—231!) 
Summary of reports from voluntary observers. 

Arsenate of lead for potatoes (Country gentleman, 24 May 1goo, 65: 

425%) 
Gives valuable features of arsenate of lead and method of preparation. 

Voluntary entomologic service of New York (Country gentleman, 31 

May 1900, 65: 442°") 

Summary of reports from voluntary observers. 

Elm leaf aphis (Country gentleman, 7 June 1900, 65: 46276) 
Life history and habits of Schizoneura americana Riley. 

Voluntary entomologic service of New York (Country gentleman, 7 

June 1900, 65: 462%-63") 
Abstracts of reports from voluntary observers. 

Bees and spraying, a warning (Country gentleman, 7 June 1g00, 65: 

4707) 
Gives fatal results supposed to have come from spraying trees in bloom 

within a few miles of apiaries. 

Elm leaf beetle (Argus [Albany] ro June 1900, p. 7) 

States that the larvae have begun feeding and gives formula for preparation 

of arsenate of lead. 

Voluntary entomologic service of New York (Country gentleman, 14 

- June 1go00, 65: 483%) 

Summary of reports from voluntary observers. 

Caterpillars and cocoons (Times-Union [Albany] 20 June 1900, p. 43 

Argus [Albany] 23 June 1900, p. 5; Country gentleman, 28 June 

1900, 65: 526*_27'8; New York farmer, 5 July 1900, p. 3; Waterloo 

[N. Y.] observer, 6 July 1900, p. 2; Northern budget [Troy N. Y.] 8 
July 1900, p. 4) 

Brief notice recommending the collection and destruction of forest tent- 

caterpillar, Clisiocampa disstria Hiibn., cocoons. 

Rose beetle (Country gentleman, 21 June 1900, 65: 502”) 
Identifies and gives remediesforMacrodaectylus subspinosus Fabr. 

Voluntary entomologic service of New Vork (Country gentleman, 21 

June 1900, 65: 50376) 
Summary of reports from voluntary observers. 
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White grubs in abundance (Country gentleman, 21 June 1go0o, 65: 

509") : 
Describes abundance of white grubs in Essex county and gives remedies. 

Voluntary entomologic service of New York (Country gentleman, 28 

June rg00, 65: 5237) 

Abstracts of reports from voluntary observers. 

Hickory gall aphid (Country gentleman, 5 July 1900, 65: 542*4) 
Identifies and gives habits of Phylloxeracaryaecaulis. Fitch. 

Voluntary entomologic service of New York (Country gentleman, 5 July 

1900, 65: 543%) 
Summary of reports from voluntary observers. 

{Suffering sugar maple] (Country gentleman, 5 July 1go00, 65: 545%) 
Describes the work of sugar maple-borer, Plagionotus speciosus 

Say, giving remedies. General directions for spraying are also given. 

Voluntary entomologic service of New York (Country gentleman, 12 

July 1900, 65: 563°) | 
Summary of reports from voluntary observers. 

Crude petroleum as an insecticide (Country gentleman, 12 July 190¢ 

65 : 569°'—70"*) 
Gives results of experiments and advises caution in using crude oil. 

Gold gilt beetle (Country gentleman, 19 July 1900, 65: 582%) 
Identifies Chrysochus auratus Fabr. and mentions Pyrausta 

futilalis Led. 

Voluntary entomologic service of New York state (Country gentleman, 

19 July rgo00, 65: 58374) 

Abstract of reports from voluntary observers. 

Report of committee on insects (Eastern New York hortic. soc. Proc. 4th 

ann. meeting, 7 Feb. 1900 [Rec’d 24 July] p. 12-15} 

Notices forest tent-caterpillar, Clisiocampa disstria Hiibn., elm leaf 

beetle, Galerucella luteola Miill., sugar maple-borer, Plagionotus 

speciosus Say, leopard moth, Zeuzera pyrina Linn, willow butterfly, 

Euvanessa antiopa Linn. Disonychatriangularis Say, Nec- 

tarophora destructor Johns. [N.pisi Kalt.], Phytoptus phloe- 

ocoptes Nal.and Opsicoetus personatus Linn. 

Practical spraying (Country gentleman, 26 July 1900, 65: 6044) 
Gives results of practical spraying as carried out by a successful fruit- 

grower. 

Tent-caterpillars and cankerworms (Country gentieman, 20 July 1900, 

65: 6051) 

ives characteristics and methods of controlling Clisiocampa ameri- 
cana Fabr., C. disstria Hiibn. and cankerworms. 
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15th report of the state entomologiston injurious and other insects of the 

state of New York 1899 (Bul. N. Y. state mus. June 1900. [Issued 31 

July 1900] v. 6, no. 31, p. 531-653) 

Contents f 
seh: PAGE 
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Exhibition of inseets,./- sj.{..- seen eiiasy yew sisio. )1 22. Oc 

Voluntary, observers <2 o200,.124 - clseidel ce aon. Wp. he. ee 537 
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Exhibition of insects at agricultural gatherings.....-..------..---.----«e«. DID 
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Contributions to the collection Oct. 15, 1898-Oct. 14, 1899............-..-..- 600 
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Plugging trees with sulfur (Country gentleman, 9 Aug. 1900, 65: 6501) 

A brief historical sketch of this method, condemning it as worthless. 

Cicada-killer (Country gentleman, 16 Aug. 1900, 65: 662") 
Brief, popular notice of Sphecius speciosus Drury. 

_ Asparagus beetle (Country gentleman, 16 Aug. 1900, 65: 66279) 

Crioceris asSparagi Linn. is identified, figured and remedies given. 

Appletree worm (Country gentleman, 6 Sep. 1900, 65: 722") 

Datana ministra Drury is identified, life history given and remedies 

indicated. 

—— See oe 



— ——_— = a a 

REPORT OF THE STATE ENTOMOLOGIST I9O00O 1033 

Ash gray blister beetle (Country gentleman, 6 Sep. 1900, 65: 722%°) 

Remedies are given for the depredations of Epicauta cinerea Forst. 

on Clematis paniculata. 

Tulip tree scale (Country gentleman, 6 Sep. 1900, 65: 722°) 

The treatment is given for Lecanium tulipiferae Cookon tulip trees, 

Cicada-killer (Country gentleman, 6 Sep. 1900, 65: 722%) 

Sphecius speciosus Drury is identified from a specimen sent. 

Black blister beetle (Country gentleman, 13 Sep. 1900, 65: 742%) 
Identifying Epicauta pennsylvanica DeGeer. 

Mating of potato beetles (Country gentleman, 13 Sep. 1900, 65: 7437) 

Discusses briefly the sexual relations and prolificacy of the Colorado potato 

beetle. 

Chinch bug abundant (Country gentleman, 13 Sep. 1900, 65: 7507!) 
Gives directions for controlling Blissus leucopterus Say, which was 

abundant at Peruville (N. Y.) 

Illustrated descriptive catalogue of some of the more important in- 

jurious and beneficial insects (Bul. N. Y. state mus. [issued 14 Sep. © 

1goo| v. 8, no. 37, 54p. 83 fig.) 

Gives the chief characteristics of about 100 of the more important insects. 

Methods of controlling injurious forms are given, also the formulas of many 

insecticides. 

_Katydid eggs (Country gentleman, 27 Sep. 1900, 65: 782") 
Brief, popular account of Microcentrum retinervis Burm. 

Infestation by grain moths (Country gentleman, 27 Sep. 1900, 65 : 78973) 
General accounts of the Angoumois moth, Sitotroga cerealella 

Oliv., and of the Mediterranean flour moth Ephestia kuehniella Zell. 

White grubs or muckworms (Country gentleman, 4 Oct. 1900, 65: 803!) 

Brief account of Allorhina and Lachnosterna larvae, giving 

remedies. 

Chrysalis of milkweed butterfly (Country gentleman, 11 Oct. 1900, 

-65 :. 829%): ~ 

Describes the chrysalis and gives briefly the life history of Anosia plex- 

ippus Linn. 

Borer in the smoke tree (American gardening, 13 Oct. 1900, 21: 679") 
The effects stated indicate the presence of a borer, possibly the leopard 

moth, Zeuzera pyrina Linn. 
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CONTRIBUTIONS TO COLLECTION 15 OCT. 1899 — 14 

OCT. 1900 

Hymenoptera 

Xylocopa virginica Drury, large carpenter bee, 31 May; 

rom W. C. Hitchcock, Cropseyville N. Y. , 

Apis mellifica Linn., honeybee, 5 July; from Mrs E. B, 

Smith, Coeymans N. Y. 

Xenoglossa pruinosa Say, 24 July; from Mrs E. C. An- 

thony, Gouverneur N. Y. 
Sphecius speciosus Drury, cicada-killer, 28 Aug. ; from Coun- 

try gentleman, Albany N. Y. 

Pelecinus polyturator Drury, 5 Oct.; from M. E. Myer, 

Stottville N. Y. : 

Melanobracon simplex Cress., probably parasitic onSaperda 

tridentata, pupa found under elm bark, 20 Oct. 1898; from J. + 

Otterson, Berlin Mass. 

Pimpla conquisitor Say, working as parasite on cocoons of 

Clisiocampa disstria Hiibn., 18 June; from Daniel Ben- 

nett, Delmar N. Y. 

Pimpla inquisitor Say, 5 July ; from Mrs E. B. Saige 

Coeymans N. Y. 

Theronia fulvescens Cress., from about Clisiocampa 

disstria Hiibn. cocoons, 18 June; from Daniel Bennett, Del- 

mar N. Y. 

Thalessa atrata Fabr., black long sting, 18 June; from E. P. 

St John, Prattsburg N. Y. Same, 26 July; from Mrs E. H. Mairs. 

Irvington N. Y. 

Paniscus gemminatus Say, 28 Oct.; from L. V. Case, 

Bedford N. Y. 

Cynips strobilana O.S., on swamp oak (Quercus bicos 

lor), 27 Sep.; from M. W. Van Denburg, Mount Vernon N., Y. 

Tremex columba Linn., pigeon Tremex, 1o Aug.; from M. B. 

Sherman, Ogdensburg N. Y. Same, 15 Oct.; from O. Q. Flint, 

Athens N. Y. / 

Urocerus albicornis Fabr., 25 Sep.; from F. B. Durant, 
Watervliet N. Y. This insect had bored through spruce boards of box 

and then penetrated 1to—12 thicknesses of woolen cloth. 

Lophyrus lecontei Fitch, LeConte’s sawfly, larvae on white 

pine, 6 Aug.; from B. E. Fernow, Axton N. Y. 
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Coleoptera 

Dendroctonus terebrans Oliv., 18 June ; from E.S. Blunt, 

New Russia N. Y. 

Scolytus rugulosus Ratz., peach bark-borer, on cherry and 

peach, 8 Nov.; from C. H. Peck, Menands N. Y. Same on peach, ro. 

Sep.; from J. J. Barden, Stanley N. Y. Same on cherry, 24 Sep.; 

from B. H. Wright, Penn Yan N.Y. Work of same on aie 7 Ap. 

from Mrs E. B. Smith, Coeymans N. Y, 

C oeliodes species, 9 June; from C. R. Crosby, Penn Yan N.Y. 

Conotrachelus crataegi Walsh, quince curculio, and C.. 

nenuphar Hbst., plum curculio, 6 June; from J, F. Hunt,.Kendaia 

N.Y. C. nenuphar Hbst., 9g June; from C.R. Crosby, Penn Yan 

NY. 

Magdalis armicollis Say and M. barbita Say, elm cur- 

culios, in all stages, 26 May ; from M. F. Adams, Buffalo N. Y. 

Lixus concavus Say, rhubarb curculio, 26 May; from C. E, 

Chapman, Peruville N. Y. ) 
Aramigus fulleri Horn, Fuller’s rose beetle, on carnations, 18; 

Oct.; from D. H. Burrell jr, Littlefalls N. Y. 
Pomphopoea sayi Lec., Say’s blister beetle, on peach, 26 June; 

from E. L. Mitchell, Clarksville N. Y. 

Epicauta pennsylvanica DeGeer, black blister beetle, 28 

Aug.; from Daniel Beach, Watkins N. Y. Same, Aug.—Sep.; from Mrs - 

E. B. Smith, Coeymans N. Y. . 

Epicauta cinerea Forst., margined blister beetle, 25 June; 

from Mrs H. D. Graves, Ausable Forks N. Y. Same on beet, 10 July; 

from C, L. Allen, Floral Park N. Y. Same, 18 Aug.; from Mrs E. B, 

Smith, Coeymans N.Y. Same, 28 Aug.; from Country gentleman, 

Albany N. Y. 

Notoxus anchora Hentz., on pea, 25 June; from Mrs H. D. 

Graves, Ausable Forks N. Y, 
Tribolium confusum Duv., confused flour beetle, in wheat 

flour and granaries, 21 Ap.; from Grigg Bros., Lockport N. Y. 

Tenebrio molitor Linn, meal worm, 11 Sep.; from J. A. Ot- 

terson, Berlin Mass. Same, 18 Aug.; from Mrs E. B. Smith, Coey- 

mans N. Y. 

Tenebrio obscurus Fabr., American meal worm, killed by 

Opsicoetus personatus, 19 July; from A. N. Henshaw, 

Prattsburg N. Y. 
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Bruchus obtectus Say, bean weevil, abundant in house, 1o 

Aug.; from Alonzo McCase, Amsterdam N. Y. 

Chelymorpha argus Licht., Argus tortoise beetle, pupae, 4 

Aug.; from Mrs M.S. Miller, Aldercreek N.Y. 

Coptocycla clavata Fabr., clubbed tortoise beetle, 5 July and 

18 Aug.; from Mrs E. B. Smith, Coeymans N. Y, 

‘Systena.taeniata Say, pale striped flea beetle, 14 June; from 

Newark N. Y. through state department of agriculture. Same on apple 

seedlings, 27 June; from C, H. Stuart, Newark N. Y. 

Oedionychis 6-maculata IIL, on ash tree, ats nies ; from 

H. M. Smith, North Hector N. Y. 

Larvae of Galerucella luteola Mill, elm leaf beetle, on elm, 

3 July; from O, Q. Flint, Athens N_ Y. | | 

Diabrotica 12-punctata Oliv., 12 spotted Diabrotica, 26 June; 

from C, E. Chapman, Peruville N. Y. Same, Aug.-Sep.; from Mrs 

E. B. Smith, Coeymans N. Y. | 

Crioceris 12-punctata Linn., 12 spotted asparagus beetle, 16 

June; from H,. M. Smith, North Hector N. Y. Same, 1 Aug; from 

C. H. Peck, Menands N. Y. Same, 18 Aug.; from Mrs E. B. Smith, 

Coeymans N. Y. | 

Crioceris asparagi Linn., common asparagus beetle, adult and 

eggs, 17 May; from H. M. Smith, North Hector N. Y. Adult of 

same, 25 May; from R. Schofield, Dormansville N. Y. Same, 31 July; 

from Mrs C. P. Williams, Salisbury Center N. Y. 
Tetraopes tetraopthalmus Forst., spotted milkweed beetle, 

12 July; from H. M. Smith, North Hector N. Y. 

Saperda puncticollis Say, bred by donor, contributed 3 Nov. 

and 10 July; from L. H. Joutel, New York city. Saperda dis- 

coidea Fabr., 1o July; from the same. 

Saperda tridentata Oliv., elm tree-borer, in all stages, 26 

May; from M. F. Adams, Buffalo N. Y. | 

Goes ?Ppulchra Hald., 2 July; from C. H. Peck, Menands 

N.Y. 

Monohammus confusor Kirby, long-horned pine-borer, 30 

June; from Marvin Callan, Albany N. Y. Same, 6 July; from F. J. 

Conely, Albany N. Y. Same, 10 July; from Arthur Miller, Ravenna 

N.Y. Same, 20 July; from Frank Riley, Albany N. Y. Same, 23 

July; from H. M. Pollock, Albany N.Y. 

Monohammus scutellatus Say, 21 July; from C. H. Peck, 

North Elba N. Y. | 

ee ee — 
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Desmocerus palliatus Forst., cloaked knotty horn, 6 June ; 

from Augustus Sickinger, Albany N. Y. 

Xylotrechus sagittatus Germ.,on Carpinus betuli, 16 

July; from M. F. Adams, Buffalo N. Y. 
Plagionotus speciosus Say, sugar maple-borer, 28 June; 

from Mrs William Barnes, Albany N. Y. 

Cyllene pictus Drury, hickory-borer, 4 May; from J. A. Ot- 
terson, Berlin Mass. 
Callidium antennatum Newm.,18 June; froomE.S. Blunt, 

New Russia N. Y. 

Orthosoma brunneum Forst., straight-bodied Prionid, 29 

Aug.; from G. S. Graves, Newport N. Y. 

Osmoderma eremicola Knoch and O.scabra_ Beauv., 

rough flower beetle, also Kuphoria inda Linn., bumble flower 

beetle, 18 Aug.; from Mrs E. B. Smith, Coeymans N. Y. 

Allorhina nitida Linn., green June beetle, 3 July; from Mrs 

M. A. Knickerbocker, Douglaston N. Y. 

Larvae of Ligyrus relictus Say, 8 June; from C. H. Peck, 
Menands N. Y. 

Pelidnota punctata Linn., spotted grapevine beetle, on grape, 

12 July; fom Mrs D. D. Curtis, Sidney Center N.Y. Same, 26 
July ; from Mrs E. H. Mairs, Irvington N.Y. Same, 27 July ; from 

Francis Drake, Albany N. Y. Same, 18 Aug.; from Mrs E,. B. 

Smith, Coeymans N. Y. 
Anomala lucicola Fabr., light-loving grapevine beetle, 3 July; 

from C. H. Peck, Menands N. Y. 

Macrodactylus subspinosus Fabr.. rose beetle, 30 June; 

from C. L. Williams, Glens Falls N. Y. 

Ennearthron thoracicornis Zeigl.on Polyporus anno- 

sus, 6 July; from Washington D. C. through C. H. Peck, Menands 

NU: 

Lasioderma testaceum Doutt., cigarette beetle, larvae in cut 

plug tobacco, 16 May; from J, M. Clarke, at Canandaigua N. Y. 

Corymbites vernalis Hentz., 31 May; fom D. B. Young, 

Newport N. Y. 

Limonius confusus Lec., 18 June; from E. S. Blunt, New 

Russia N. Y. 

Alaus oculatus Linn., owl beetle, 7 June; fromO. Q. Flint, 
Athens N. Y. Same, 16 June; from M. B. Sherman, Ogdensburg 

N. Y. Same, rg July ; from W.H. Coleman, Albany N. Y. Same, 

12 June; from Rhoda Thompson, Ballston Spa N. Y. 
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Adelocera brevicornis Lec., 28 June; from E. S. Blunt, 

New Russia N. Y. 

Silvanus surinamensis Linn., saw-toothed grain beetle, infest- 

ing wheat flour and granaries, 21 Ap.; from Grigg Bros., Lockport 

N.Y. 

Adalia bipunctata Linn., two spotted lady bug, pupae and 

adults, 25 June; from Henry Wheeler, Troy N.Y. Same, 5 July 

and 18 Aug.; from Mrs E. B. Smith, Coeymans N. Y. 
Megilla maculata DeGeer, spotted lady bug, in numbers on 

the ground, 19 Ap.; from John Babcock, Selkirk N. Y. Same, 25 

May; from R. Schofield, Dormansville N. Y. 

Necrophorus marginatus Fabr., 18 Aug.; from Mrs E. B. 

Smith, Coeymans N. Y. . 
Dytiscus fasciventris Say, diving beetle, 17 Ap.; from 

Eleanor Slingerland, Albany N. Y. 
Calosoma scrutator Fabr., ground beetle, 17 June; from F. B. 

Robinson, Newburgh N. Y. through Dr Merrill. Same, 27 July; 

from Francis Drake, Albany N. Y. , 

Siphonaptera 

Ceratopsyllus serraticeps Gerv., dog flea, 6 Nov.; from 

S. A. Russell, Poughkeepsie N. Y. 

Diptera 

Drosophila ampelophila Loew, pickled-fruit fly, 2 July; from | 

C. R. Crosby, Penn Yan N. Y. 
Sarcophaga species, unusually abundant in woods where Clisio- 

campas have been numerous, 26 June; from E, L. Mitchell, Clarks- 

ville N. Y. 

Argyramoeba simson Fabr. and Chrysops niger Macq., 

18 Aug.; from Mrs E. B. Smith, Coeymans N. Y. 

Sciara species, hair worm or snakeworm in “snake ” form, 24 July 

from C. A. Chamberlain, Franklin N. Y. 

Lasioptera vitis O. S., grapevine gall midge, on wild grape, 9 

Aug.; from C. R. Crosby, Penn Yan N. Y. 

Lepidoptera 
Anosia plexippus Linn., milkweed butterfly, 14 Aug.; from Mrs 

M.S. Miller, Aldercreek N. Y. Same, 6 Oct.; from W. C. Hitch- 

cock, Cropseyville N. Y. Chrysalis of same, 15 Oct.; from O. Q. 
Flint, Athens N. Y. 

SO ee 
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Argynnis cybele Fabr., great spangled fritillary, 29 Aug.; from 

G. S. Graves, Newport N. Y. 

Argynnis Paphrodite Fabr. Phyciodes tharos Drury, 

pearl crescent, Heodes hypophlaeas Boisd., American copper, 6 

Oct.; Brenthis bellona Fabr., meadow fritillary, 31 May; all from 

W. C. Hitchcock, Cropseyville N. Y. 

Euvanessa antiopa Linn., willow butterfly, pupa, 18 June; from 

J. C. Van Steenburgh, Ballston Spa N. Y. 

Pyrameis atalanta Linn., red admiral, 31 May; Cyaniris 

pseudargiolus Bd.-Lec. var. neglecta Edw., spring azure, 

6 Oct.; Pieris rapae Linn., cabbage butterfly, 31 May and 6 Oct.; 

Eurymus philodice Godt., clouded sulfur, 31 May; all from 

W. C. Hitchcock, Cropseyville N. Y. 
Laertias philenor Linn., blue swallowtail, on Dutchman’s pipe 

(Aristolochia sipho), ro Aug.; from Mrs C, J. Gould, Tarry- 

town N. Y. 

Euphoeades troilus Linn., green swallowtail, 31 May; from 

W. C. Hitchcock, Cropseyville N.Y. Same and Papilio polyx- 

enes Fabr, black swallowtail, Aug.-Sep.; from Mrs E. B. Smith, 

Coeymans N. Y. . 

Heraclides cresphontes Cram., yellow banded swallow- 

tail, on Fraxinella, 14 July; from F. J. H. Merrill, Altamont N. Y. 

Thyreus abbotii Swains, larva, 9 July; from Howard Mar- 

tin, Albany N. Y. 

Philampelus pandorus Hibn., 28 Aug; from C. A. Cham- 

berlain, Franklin N. Y. 
Ampelophaga myron Cram., grapevine hog caterpillar, para- 

sitized by Apanteles congregatus, 29 Aug. from Rhoda 

Thompson, Ballston Spa N. Y. 
Phlegethontius celeus Hiibn., tomato worm, 26 July; 

from Mrs E. H. Mairs, Irvington N. Y. 

Sphinx kalmiae Abb. and Sm., 27 July; from Francis Drake, 

Albany N, Y. 

Alypia octomaculata Fabr., eight spotted forester, 7 June ; 

from O. Q. Flint, Athens N. Y. Larvae of same, 15 June; from 

C.R. Crosby, Penn Yan N. Y. 

Ctenucha virginica Charp., 6 Oct.; from W.C. Hitch- 

cock, Cropseyville N. Y. 
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Larvae of Hyphantria cunea Drury, fall webworm, on elm, 19 

July; larvae and eggs of Notolophus antiqua Linn,, 14 July; 

from M. B. Sherman, Ogdensburg N. Y. 

Eggs of Notolophus leucostigma Abb. and Sm., white 

marked tussock moth, 27 Ap.; from G. S. Graves, Newport N. Y. 

Larvae ofsame, 12 July; from H. M. Smith, North Hector N. Y. 

-. Sibine stimulea Clem., saddleback caterpillar, on corn, 3 Sep.; 

from $. L. Seaman, Babylon N. Y. 

Thyridopteryx ephemeraeformis Haw., bag worm 

larvae, 28 June; from W. T. Davis, New York city. 
Larvae of Datana integerrima Gr. and Rob., on black wal- 

nut, 28 Aug.; from J. M. Smith, Binghamton N. Y. 

Schizura concinna Abb. and Sm., red-humped appletree cater- 

pillar, 28 Aug.; from H. Cady, Schoharie N. Y. 

Callosamia promethea Drury, Promethea moth, 28 Aug.; 

from A. H. Stratton, Arlington N. Y. Cocoons of same, tro Nov.; : 

from F. H. Fellows, Albany N. Y. 

Samia cecropia Linn., Cecropia moth, 7 June; from O.Q. 

-Flint, Athens N. Y. 

Tropaea luna Linn., luna moth, 25 hae from G. H. Malloy, 

Albany N. Y. 

Telea polyphemus Cram., ian moth, 31 May; with 

Automeris io Fabr., Io moth, 6 Oct.; all fom W.C. Hitch- 

cock, CropseyvilleN. Y. Eggs and adult of latter moth also, 27 June; 

from Mrs M.S. Miller, Aldercreek N. Y. 

Citheronia regalis Fabr., regal moth, 16 July; from O. Q, 

Flint, Athens N. Y. 
Anisota rubicunda Fabr., rosy Dryocampa, 11 Sep.; from 

J. A. Otterson, Berlin Mass. 
Clisiocampa disstria Hiibn., forest tent-caterpillar, and 

Clisiocampa americana Fabr., appletree tent-caterpillar, eggs 

of both, 13 Nov.; from S. D. Willard, Geneva N. Y. through state 

department of agriculture. Eggs and larvae 11 May; from A, G, 

Meiklejohn, Plattsburg N. Y. Eggs, 25 Ap.; and moths, 5 July; from 

Mrs E.B. Smith, Coeymans N. Y. Eggs of C. americana Fabr., 

on peach, 3 July ; from O. Q. Flint, Athens N. Y. Eggs of C. dis - 

stria Hiibn., on pear, ro Nov; fom F. H. Fellows, Albany N. Y. 

Same, 7 Ap.; from G. S. Graves, Newport N. Y. Same, g Ap.; from 

R. Schofield, Dormansville N. Y. Same, 16 Ap.; from D. W. Ben- 

nett, New Salem N.Y. Larvae of same, 18 May; fom H. M. 

ee a se = 
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Smith, North Hector N.Y. Cocoons of same, over 90% of which 
were parasitized, 7 July; from J. W. McNamara, Altamont N. Y. 

Prionoxystus robiniae Peck, oak carpenter moth, in sugar 

maple, pupa cases, 18 Juneand 10 Aug.; adult, 2 July; and larvae 10 

Oct. ; all from M. B. Sherman, Ogdensburg N. Y. 

Leucania pseudargyria Guen, L. phragmitidicola 

Guen., Feltia subgothica Haw., Xylophasia dubitans 

Walk., 18 Aug.; all from Mrs E. B, Smith, Coeymans N.Y. 

Xylophasia arctica Boisd, 1 Aug.; from Virgil Bogue, 

Albion N. Y. ; 

Laphygma frugiperda Abb. and Sm., larvae and pupae, 4 

Noy.; moth, 13 Nov.; from M. F. Adams, Buffalo N. Y. 

Hydroecia nitela Guen., stalk-borer, larvae, 19 June; from 

W. C. Hitchcock, Cropseyville N. Y. Same, 3 July; from J. S. 

Ellsworth, Millerton N. Y. 
Xylina species, larva, 9g June and Amphipyra pyrami- 

doides Guen., larva, 4 June; from C. R. Crosby, Penn Yan N. Y. 

The latter also, 18 June; from E. P. St John, Prattsburg N. Y. 

Larvae of Plusiodonta compressipalpis Guen., on moon- 

seed vine, 9 July and.29 Aug.; from Mrs E. C. Anthony, Gouverneur 

N.Y. 

Larvae of Acontia delecta Walk., on swamp rose mallow 

(Hibiscus moscheutos), 13 Aug.; from L. H. Joutel, New 

York city. 

Catocala ilia Cram., C. habilis Grote, C. subnata Grote, 

C. retecta Grote, 28 Aug.; all from J. M. Smith, Binghamton N. Y. 

Sabulodes transversata Drury, Sep.; Cleora crepus- 

cularia Guen., 5 July; Eustroma diversilineatum Hibn,, 

18 Aug.; all from Mrs E. B. Smith, Coeymans N. Y. 

Rhaphidodemas titea Cram. and Paleacrita vernata 

Harr., spring cankerworm, 26 Ap.; from M. B. Sherman, Ogdens- 

burg N. Y. 

Haematopis grataria Fabr., 7 June; fom H. M. Smith, 

North Hector N. Y. Same, 6 Oct.; from W. C. Hitchcock, Crop- 
seyville N. Y. 

Pyralis farinalis Linn, 18 Aug; from Mrs E. B. Smith, 

Coeymans N. Y. 

Larvae of Oxyptilus periscelidactylus Fitch, grapevine 

plume moth, 2 June; and larvae of Cacoecia species and of 
Tmetocera ocellana Schiff., bud moth, on pear, 23 May; 
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all from C. H. Peck, Menands N. Y. T. ocellana, 27 Ap.; from 

F. H. Fellows, Albany N. Y. Same on apple, 8 May; from J.P. Van 
Ness, East Greenbush N.Y. 

Larvae and work of Ypsolophus bene daa ae Harr., palmer 

worm, 18 June; from J. F. Rose, South Byron N. Y. Same on apple, 

more numerous and harmful than Clisiocampa larvae at this time 

26 and 30 June; from E. L. Mitchell, Clarksville N. Y. 
Larvae of Coleophora malivorella Riley, pistol case, 

bearer, on apple, 8 May; from J. P. Van Ness, East Greenbush N. Y. 

Tischeria malifoliella Clem., apple leaf-miner, 26 Sem 

from C. M. Hooker, Rochester N. Y. <A parasite was obtained. 

Larvae of the miner on apple, with work of PAspidisca splen- 

doriferella Clem., resplendent shield-bearer, on apple and quince 

leaves, 4 Nov.; from C. H. Peck, Menands N. Y. 

Neuroptea 

Chrysopa eggs, 16 June; fom Rhoda Thompson, Ballston 

spa N.Y. | 

Sialis Pinfumata Newm., 9 June; fom C. L. Williams, 

Glens Falls N. Y. 

Corydalis cornuta Linn., horned Corydalis, 1o July; from 

Ogden Stevens, Athol N. Y., through M. H. Farr. Same, 12 July; 
from O. Q. Flint, Athens N. Y. Same, 20 July; from E. H. Harris, 

Albany N. Y., and from A. H. Miller, Ravena N. Y. Same 28 July; 

from William Cody, Albany N. Y. 

Polystoechotes punctatus Fabr., 17 Aug.; from Virgil 

Bogue, Albion N. Y., and from F, P. Warren, Pike N. Y. 

Hemiptera 

Podisus spinosus Dall.,spined soldier bug, 15 May; from C. H. 

Stuart, Newark N. Y. 

Brochymena annulata Fabr., 7 June; from H. M. Smith, 
North Hector N. Y. 

Pentatoma juniperina Linn., juniper plant bug, 28 June; 

from E, S. Blunt, New Russia N. Y. 

Nezara hilaris Say, 5 July; and Anasa tristis DeGeer, 

squash bug, Aug.; from Mrs E, B, Smith, Coeymans N. Y. Eggs and 

nymphs of latter, 4 Aug. ; from Rhoda Thompson, Ballston Spa N. Y. 

Blissus leucopterus Say, chinch bug, abundant on corn, 

8 Sep.; from C, E, Chapman, Peruville N. Y. 
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Oncopeltus fasciatus Dall, 8 Oct.; from M. W. Van 

Denberg, Mount Vernon N, Y. 

E oecilocapsus lineatus  Fabr., four-lined leaf bug, 5 July ; 

from Mrs E, B. Smith, Coeymans N. Y. 
?Acholla multispinosa DeGeer, 26 Mar.; from Henry 

Lutts, Youngstown N. Y. 

Opsicoetus personatus Linn., masked bedbug hunter, “ kiss- 

ing bug,” adult with eggs, 2 July; from J. N. Wright, Grand Gorge 

N. Y.. Same with adult Tenebrio obscurus killed by it, 19 July; 

from A. N. Henshaw, Prattsburg N. Y. 

Be lostoma americanum Leidy, giant water bug, 14 May; 

from Peter Made, Albany N. Y. Same, 15 May; from Freddie 

Messer, Albany N. Y. 
Benacus griseus Say, 25 May; from William Walsh, Al- 

bany N. Y. 

Cicada tibicen Linn. dog day harvest fly, 1 Aug.; from 

‘Virgil Bogue, Albion N. Y. 
Twigs showing oviposition of Ceresa bubalus Fabr., 28 May; 

from W. W. Chadwick, Loring Kan. 
Telamona ampelopsidis MHarr., woodbine Telamona, 6 

Oct.; from W. C. Hitchcock, Cropseyville N, Y. 

Nymphs of Ormenis pruinosa Say, 1o July; from J. M. 

Smith, Binghamton N. Y. 

Pdiocerus pallidus Fitch, I. suturalis Fitch, 1. alter- 

natus Fitch,I. lachrymalis Fitch,I. maculipennis Fitch, 

Pediopsis trimaculata Fitch, Acocephalus vitellinus 

Fitch, Athysanus curtisii Fitch,Eutettix strobi Fitch, 

all received 18 Aug.; from C. P. Gillette, Fort Collins Col. 
Psylla pyricola Forst., pear psylla, nymphs and adults on pear, 

8 May; trom Henry Lutts, Youngstown N. Y. 

Chermes abietis Linn., with insects emerging from galls, 25 

Sep.; from Mrs E.C, Anthony, Gouverneur N. Y. 

Leaves of balm of gilead almost bordered with galls of Pemphi- 

gus populi-monilis Riley,7 Aug.; from Mrs M.S. Miller, 

Aldercreek N. Y. 

Schizoneura lanigera Hausm., woolly apple aphis, in tops 

of trees and on roots of young nursery stock, 13 Nov.; from §,D. 

Willard, Geneva N. Y., through state department of agriculture. 
Same, 5 Oct.; from G.S. Graves, Newport N. Y. 
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Schizoneura americana Riley, on em, 14 June; from 

Charles Burke, Troy N. Y., through state department of agriculture, 

Same, 27 June; from Mrs M. S. Miller, Aldercreek N. Y. Same, 17 

Sep.; from J. M. Smith, Binghamton N. Y. 

Aphis mali Fabr., apple aphis, 26 Ap.; from H. M. Smith, 
North Hector N. Y. Same, on apple, 3 May; from J. P. Van Ness, 

East Greenbush N. Y. Same, 16 June; from Rhoda Thompson, 

Ballston Spa N. Y, 

Myzus cerasi Fabr., cherrytree aphis, on cherry, 3 July; from 

O. Q. Flint, Athens N. Y. 

Nectarophorapisi Kalt., destructive pea louse, on pea, 2 July; 

from C, L, Allen, Floral Park N. Y. 

“Phyl bose ra caryaec aulis Fitch, hickory gall aphid, Gon 

J. H. Hull, Croton N. Y. 

Gossyparia ulmi Geoff., elm bark louse, on elm, 14 Aug.; from 

M.B. Sherman, Ogdensburg N. Y. 3 | 

Lecanium species on elm, 16 July; from same. 

Lecanium ?cerasifex Fitch on apple, 14 Dec.; from J. J. 

Barden, Union Springs N. Y. 

Lecanium tulipiferae Cook, tulip tree scale, on tulip tree, 27 

Aug.; from W. T., Concordville Pa. Same with young just beginning 

to appear, 4 Sep.; from M. W. Van Denberg, Mount Vernon N. Y. 

Aspidiotus hederae Vall., white scale, 14 Feb.; from George 

Roberts, Jellwood Fla. 

-  Aspidiotus ancylus Putn., 9 Ap.; from Morris Tompkins, 

Germantown N. Y. Same, 31 May; from Chester Young, Ellenville 

N. Y., through state department of agriculture. 

Aspidiotus forbesi Johns., cherry scale, on apricot, 4 Mar.; 

fom F. S. Lockling, Fruitdale Ala., received 16 July, through 

division of entomology, U. S. department of agriculture. Same on apple; 

18 Aug.; from P, L. Huested; Manchester N. Y. 

Aspidiotus perniciosus Comst., San José scale, 16 Jan.; 

from Frederick Kropp, Wantagh N.Y. Same, 28 Mar.; from 

Charles Brink, Cockburn N.Y. Same, on under side of apple limb — 

4 inches in diameter, 7 Ap.; from L. L. Morrell, Kinderhook N. Y. 

Probably same, 19 Ape; on stock shipped to H. S. Taylor & Co., 

Rochester N. Y., by W. M. Ride, Crystalspring Pa. Received 

through state department of agriculture. — 

Aspidiotus ostreaeformis Curtis, 23 May; from Henry 

Lutts, Youngstown N. Y. 
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Howardia elegans Leon., on leaflets and incrusting midrib of 

leaf of Cycas revoluta, 21 Sep.; fom F. J. H. Merrill, Alta- 

mont N. Y. 

Xerophilaspis prosopsidis Ckll., on Prosopsis velu- 

tina, 15 Sep.; from T. D. A. Cockerell, East Las Vegas N. M. 

Mytilaspis p omorum Bouché, appletree bark louse, on lilac, 

31 Oct.; from F, W. Kelsey, New York city. Same, abundant and 

injurious on young orchard trees, 13 Nov.; from S. D. Willard, 

Geneva N.Y., through state department of agriculture. Same, on 

Cornus alternifolia, 21 Nov. from G. S. Graves, Newport 

NL YY. oame, 13, Feb; fom}. FP. Bécker, Pleasantbrook N.”'Y, 

Same, on apple, 23 Ap.;from Mrs A. E. Wilson, Shushan N. Y. 

Same, 25 May andi June; from J. F. Johnson, Breakabeen N.Y, 

Same,1 June; fom M. B. Sherman, Ogdensburg N. Y. Same, 2 

June; from O. J. Hutchins, Ogdensburg N.Y. Same, on Siberian 

willow, 9 Aug.; from J. M. Dolph, Port Jervis N. Y. 
Chionaspis furfura Fitch, scurty bark louse, on cuttings with 

300 trees found infested in one nursery and 500 in another, 13 Nov. 

fom S. D. Willard, Geneva N. Y., through state department of 

agriculture, Same, 30 Mar.; from T. L. Meinikheim, Newdorp N.Y. 

Same, 26 Ap.; from J. M. Dolph, Port Jervis N. Y. 

Aulacaspis rosae Sandb., rose scale, on blackberry bushes, 21 

Nov.; from H. C. Peck, Brighton N. Y., through state department of 

agriculture. 

Orthoptera 

Amblycorypha oblongifolia DeGeer, oblong leaf-winged 

katydid, 18 Aug.; from Mrs E.B. Smith, Coeymans N. Y. 

Conocephalus ensiger Harr., cone-headed katydid, 26 July; 

from H. M. Pollock, Albany N. Y. Same, 31 July; from Thomas 

Andrews, Albany N. Y. 

Melanoplus femur-rubrum DeGeer, red-legged locust, 

Stenobothrus species, and Dissosteira carolina Linn, 

Carolina locust, 4 Aug.; all from W. C. Hitchcock, Cropseyville N. Y. 

Several specimens of the last found dead, filled with fungus spores of 

Massospora cicadina Peck, 16 June; from George Staplin 
jr, Mannsville N. Y. Also one, Aug. with Diapheromera 

femorata Say, walking stick, from Mrs E, B, Smith, Coeymans 

N.Y. The latter also, 11 Sep.; from J. A. Otterson, Berlin Mass. 

Ischnoptera pennsylvanica DeGeer, wood cockroach, 

adults under decaying bark, June; from D. B. Young, Ilion N. Y. 
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Corrodentia 

Atropos divinatoria O. Fabr., book louse, badly infesting 

closet, 5 Oct.; from C. C. Mosely, Albany N. Y. 

Odonata 

Agrion species, damsel fly, 16 June; from Rhoda Thompson, 

Ballston Spa N. Y. 

Ephemerida 

May flies, 8 June; from M. B. Sherman, Ogdensburg N. Y. Same, 

17 June; from H. M. Smith, North Hector N.Y. 

Arachnida 

_ Spiders’ eggs, 26 Mar.; from Henry Lutts, Youngstown N. Y. 

Same, 20 Ap.; from O. Q. Flint, Athens N. Y. 
Phytoptus Pphloeocoptes Nal.,8 May; from P. L. Huested, 

Blauvelt N. Y. Same, 6 Dec.; fromsame, at Troy and Marlboro N. Y. 
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EXPLANATION OF PLATES 

PLATE 14 

Gipsy moth 

PORTHETRIA DISPAR Linn. 

1 Female with wings expanded 

2 Female in resting position 

3 Male with wings expanded 

4 Male in resting position 
5 Pupa | 
6 Dorsal view of one of the larger caterpillars, presumably a female 

7 Dorsal view of one of the smaller full-grown caterpillars, presumably 

a male 

8 Egg cluster on a piece of bark 

9 A few eggs greatly enlarged 

ao One egg still more enlarged 

PLATE 206 

Palmer worm 

YPSOLOPHUS POMETELLUS Harris 
FIG. 

Full-grown larva, much enlarged 

Pupa, much enlarged 

Typical form of moth enlarged 

Form of moth described as Y. contubernalellus 

Apple twig showing skeletonized and dried leaves and the irregular 

holes eaten in the fruit 
Pupa natural size 

7 A parasite, Dioctes (Limneria) salicicola Ashm. 

8 ‘Cocoon of same 

mm fp & N & 

ron) 

PLATE 3 

Diagram of experimental orchard, showing location of trees, their size, 

‘variety and degree of infestation, 

PLATE 4 

A very badly infested Howell peartree after it had been treated with 
undiluted kerosene, two views. 

PLATE 5 

Shows the harmlessness of 20% kerosene emulsion, both trees are in 

full bloom. 

a Reproduced through the courtesy of the secretary of the Massachusetts state board of agri- 

culture. 

b Executed from nature, under the author’s direction, by L. H. Joutel. 
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PLATE 6 

Views of three trees, one treated with kerosene, one with whale oil 

soap and the other with crude petroleum. ‘Tree 20 was very badly in- 

fested with the scale, tree 110 had very little of the pest and tree 114 is. 

represented as it appeared at the beginning of the experiment. 

PLATE 7 

Tree 51 shows the comparative harmlessness of 20% kerosene, it is in 

nearly full bloom. The leaves are starting on tree 93 but they have been 

retarded by the crude petroleum. | 

! PLATE 8 

This plate shows well the difference between crude petroleum and 20% 

kerosene. The latter is practically harmless and, as the two trees were 

as nearly alike as possible, the plate illustrates very nicely the injury due 

to crude petroleum. 
PLATE 9 

Tree ror was very badly infested with the scale but otherwise the com- 

parison between 20% and undiluted crude petroleum is a very just one. 

PLATE 10 

Note the killing of branches which seems to be characteristic 

of the undiluted crude petroleum such as was used. 
e 

PLATE 11 

Shows the comparative injury due to December and February applica- 

tions of the oil. 
PLATE 12 

Both trees are in good bloom, showing that an application of whale oil 

soap and petroleum combined does: not injure the buds, 

PLATE 13 

Fumigating tent in operation, the hood was kept extended for the pur- 

pose of securing greater constancy in the cubic contents of the tent. 

PLATE 14 

Peach limb showing injury by fruit tree bark beetle. 

PLATE 15 

Forest tent-caterpillars on the trunk and larger limbs of an appletree- 

at East Greenbush. 
PLATE 16 

The caterpillars on the trunk of the same tree. 
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PLATE | 

BRIDGHAM DRAWN BY JOSEP 

CPPSY NOTH 

(After Massachusetts state board of agriculture) 





L. H. JOUTEL, 1900 JAMES B. LYON, STATE PRINTER. 

PALMER WORM 
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Plate 9 

Photo May 12 

Seckel pear 

Tree 101 

Photo May 14 

Seckel pear 

Tree 15 

CRUDE PETROLEUM 

20% CRUDE PETROLEUM . - 
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Plate 12 

Photo May 12 

Seckel pear 

Tree 98 

Photo May 12 

Globe peach 

Tree 76 

WHALE OIL SOAP AND CRUDE PETROLEUM 
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Plate 13 

Photo April 21 
Fumigating tent in operation 
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Peach limb showing injury by fruit tree bark beetle 

Plate 14 
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Photo June 7 
Forest tent-caterpillars on appletree 
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Plate 16 

Photo June 7 
Forest tent-caterpillars clustered on tree trunk 
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INDEX 
References are given under preferred scientitic names. The synonyms used 

in the text of the publications cited are placed in curves after the name, and 

the synonomy given applies only to these citations. The superior figure tells 

the exact place on the page in ninths: e. g. 10326 means page 1032 beginning 

in the sixth ninth of the page, i. e. about two thirds of the way down. 

acerifolii, Drepanosipbum, 10326. 

acerni, Sesia, 10294. 

Acknowledgments of courtesies, 9548- 

553. 

' Adams, M.F., summary of voluntary 

reports of, 10059-81. 

Adirondack hatchery for entomologic 

field station, 952%. 

Agricultural fairs, insects exhibited 

at, 9542, 

Agriculture, N. Y. state department 

of, 9519-522, 9674. 

U. S. department of, 9548; publi- 

cations cited, 10282. 

Agrilus anxius, 10074, 1007§. 

ruficollis, 10198. 

Albany county, summary of voluntary 

reports from, 1001°-2°. 

Allen, C. L., summary of voluntary 

reports of, 10177. 

Allorhina, 10337. 

Alypia octomaculata, 10267. 

americana, Clisiocampa, 

campa americana. 

Schizoneura, 10148, 10304. 

ampelophila, Drosophila, 10267, 

Anarsia lineatella, 10133, 10232, 10233. 
Anasa tristis, 10102, 10161, 1023>. 

Angoumois moth, 10338, 

Anomalon exile, 9977. 

Anosia plexippus, 10149, 10338. 

antennata, Xylina, 10169. 

antiopa, Euvanessa, see Euvanessa 

antiopa. 

anxius, Agrilus, 10074, 10076. 

~Apanteles perplexus Ashm. MS., 9648. 

see Clisio- 

Appletree aphis, 10183, 

Aphids or plant lice, 10018, 10052, 10183, 

10226, 10233, 10234, See also ‘under 

various host plants. 

Aphis mali, 10183, 10201, 10212, 10225, 

10248, 10258, 10262. 

Appletree, insects injurious to: 

aphids, 10233, 10234, 

Aphis mali, 10183, 10263, 

canker worms, 10141, 10146, 10153, 

10168. 

Carpocapsa pomonella, 10169, 

Ceresa bubalus, 10288. 

Clisiocampa americana, 

10116, 10199, 10213, 

10254, 1026°, 10266. 

disstria, 10018, 10054, 10122, 

10123, 10175, 10199, 10204. 

Coleophora fletcherella, 10138. 

malivorella, 10119, 10138. 
Datana ministra, 10124. 

Hyphantria cunea, 10023. 

Lophoderus triferana, 9989. 

Mytilaspis pomorum, 10122, 10196, 

Tmetocera ocellana, 10139, 10263. 

? Xylina antennata, 10168. 

species, 10053. 

Ypsolophus pometellus, 9644, 10083, 

10099-102, 10168. 

10251, 

10201, 10212, 

10225, 10248, 10258, 10262. 

woolly, 10125, 

Appletree bark louse, 10122,10162, 10196, 

10208, 

Appletree seedlings injured by Sys- 

tena taeniata, 9898, 9899, 10157, 

10258. 
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Appletree tent-caterpillar, birds de- 

vouring, 10026, 10085, 10182; cold af- 

fecting, 10015-261, 10299; disease of, 

10027; egg belts collected, 10238; 
occurrence recorded, 10015-264 ; para- 

sites, 10078; reference, 965%, 10319; 

weather effect noted, 9982, 10015261, 

10299. . 

Appletree worm, red-humped, 10033. 

yellow-necked, 10033, 10128, 10329. 
Apricot, insects injurious to: 

Clisiocampa americana, 10251. 

Conotrachelus nenuphar, 10217; 

10268. 

Xylina species, 10266. 

Aquatic insects, work on, 9527-533. 

Arachnida, contributions of, 1046+. 

armicollis, Magdalis, 10068, 10069, 

1007°, 10077. 

Army worm, fall, 998°, 10059. 

Arsenate of lead, 9619, 965°, 10206, 

10292, 10303, 1030°. See also Spray- 

ing. 

Arsenical poisons, 9649-654, 10326. See 

also Spraying. 

Ash, insects injurious to: 

Clisiocampa disstria, 10205. 

Hyphantria cunea, 10129. 

asparagi, Crioceris, see Crioceris 

asparagi. 

Asparagus beetle, common, 1003°, 

10082, 10132, 10146, 10158, 10167, 

10177, 10214, 10288, 10325, 10329. 

12 spotted, 9918-922, 10082, 10146, 

10158, 10283, 10325, 

Aspidiotus hederae (syn. A. nerii), 

10287. 

nerii, see A. hederae. 

perniciosus, 9672-887. See also San 

José seale. 

atlanis, Melanoplus, 10005. 

auratus, Chrysochus, 9915, 10316. 

Baltimore oriole, see Oriole, Balti- 

more. 

Bands, burlap, 9618, 

barbita, Magdalis, 10069, 10075. 

NEW YORK STATE MUSEUM 

Barden, J. J., summary of voluntary 

reports of, 1015°. 

Bark beetles, 10179. | ; 

Bark louse, scurfy, 10047, 10159, 10291. 
Basswood, insects injurious to: . 

eanker worms, 10153. 

Clisiocampa disstria, 10123, 10228, © 

Beadle, H. L., summary of voluntary 

reports of, 10248. 

Beans, insects injurious to: 

Epitrix cucumeris, 10211, 

Lophoderus triferana, 998%. 

Bedellia somnulentella, 10097. 

Beech, Clisiocampa americana ipjur- 

ing, 10255. : 
Bees aftected by spraying, 1030°; by 

tent-caterpillar depredations, 10228. 

Beets, Epicauta 

10179. | 

sugar, insects injurious to: 

Diabrotica 12-punctata, 10227. 

Systena frontalis, 9901. 

taeniata, 9899, 10157. 

Betten, Cornelius, assistant at field 

station, 9531. 

betulaecolens, Callipterus, 10076. 

Birch leaf curculio, 10112. 

Birch tree, curculio injuring, 10112. 

Birch tree aphis, 10076. 

Birds in relation to insect abundance, 

9609, 10026, 10077, 10085, 10089, 10182, 
10193. N 

Blackberry, May beetle grubs injuring, 

10227, 

Black-billed cuckoo, see Cuckoos. 

Blissus leucopterus, 10334. 

Blister beetle, ash gray, 10331. 

black, 10333. 

margined, 10179. 

Say’s, 988°. 

Blue jay devouring gypsy moth, 9609. 

Bogue, Virgil, summary of voluntary 

reports of, 10162. 

boucheanus, Dibrachys, 9981, 10295. 

Broome county, summary of voluntary 

reports from, 1002633, 

cinerea injuring, 
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Bruchus pisi, 10268. 

bubalus, Ceresa, 10288, 

Buckwheat, grasshoppers 

1000°, 10184. © 

Bud moths, 10047, 10096, 10139, 10165, 

10213, 10231, 10263, 

Buffalo tree hopper, 10288, 

Burlap bands, 9618. 

injuring, 

‘Cabbage, insects injurious to: 

Murgantia histrionica, 9996, 

Pieris rapae, 10024. 

Cabbage bug, harlequin, 9994. 

Cabbage butterfly or worm, 10024, 

10025, 1003°, 10124, 10165. 

Cacoecia cerasivorana, 10148. 

calidum, Calosoma, 10299, 

Callipterus betulaecolens, 10078. 

Calosoma calidum, 1029°. 

Canker worms, 10096, 10141, 10145, 

10153, 10168, 10249, 1025°, 10262, 

10268, 10319. 
spring, 1018%. 

carolina, Dissosteira, 10003, 10186, 

Monedula, 10276. 

Carpocapsa pomonella, 10169. 

Case bearer, cigar, 10119, 10121, 10127, 

10138, 

pistol, 10138. 

Catalogues of insects cited, 10278, 

10334. 

.Catbird devouring gypsy moth, 960°. 

Cathartus gemellatus, 9922, 10236, 

Cayuga county, summary of voluntary 

report from, 10034. 

Cecidomyia destructor, 10082, 1015%, 

10222, 10228, 10267. 

Cedar birds, see Waxwings. 

celeus, Phlegethontius, 10172. 

cerasi, Myzus, 10112, 10219. 

cerasifex, Lecanium, 1015°. 

cerasivorana, Cacoecia, 10148, 

cerealella, Sitotroga, 10336. 

Ceresa bubalus, 10288. 

Certificates indorsing nursery inspec- 

tion, 9522, 
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Chaetochilus contubernalellus, 9662. 

See also Ypsolophus pometellus. 

pometellus, 9659, 9662. See also 

Ypsolophus pometellus. 

chalybea, Haltica, 10057, 10263, 

Chapman, C. E., summary of volun- 

tary reports of, 10225. 

Cheese case, Drosophila ampelophila 

infesting, 10267. 

Chemung county, summary of volun- 

tary reports from, 10035. 

Cherry Tortrix, 10147, 10148. 

Cherrytree, insects injurious to: 

aphids, 10233, 10234. 

canker worms, 10153, 

Clisiocampa americana, 10093, 

10212, 10224, 10251, 10254, 

disstria, 10143, 10204. 

choke, Clisiocampa disstria injuring- 

10143, 

wild, Clisiocampa americana infest, 

ing, 10093, 10212, 10224, 10251, 

Cherrytree aphis, 1011%, 10219. 

Chickadees feeding on gypsy moth, 

9609 ; on tent-caterpillars, 10189, 

Childs, C. E., summary of voluntary 

reports of, 10084-92, 

Chinch bug, 10334, 

Chionaspis furfura, 10047, 10159, 10291, 

Chipping sparrow, see Sparrow, chip» 

ping. 

Chrysochus auratus, 9915, 10315, 

Cicada, 17 year, 10283, 10328, 

Cicada killer, 10328, 10332. 

Cicada septendecim, 10283, 10326, 

cinerea, Epicauta, 10179, 10331, 

Clarke, G.S., summary of voluntary re- 

ports of, 10229-235, 

Clematis paniculata, Epicauta cinerea 

injuring, 10331. 

Clickbeetles, 10035. 

Clinton county, summary of voluntary 

reports from, 1003-42. 

Clisiocampa americana, 9653, 10015-264, 

10299, 10319. See also Appletree tent- 

caterpillar. 
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Clisiocampa disstria, 9515, 994-985, 

10018-67, 10085-173, 1019-24, 10265, 

1028%-32°. See also Forest tent-cater- 

pillar. 

Clover, Lophoderus triferana infesting, 

9991, 

Codling moth, 1016%. 

Coleophora fletcherella, 10119, 10127, 

10138, 

malivorella, 10138. 

Coleoptera, contributions of, 10351-385. 

Co'lars ?stained by grain beetles, 

9923; 10238, ; 

Collection of insects, 9543; contribu- 

tions to, 10341-464. 

¢olumba, Tremex, 10032, 10079, 10295. 

Comrade palmer worm, 963°. See also 

Palmer worm. 

concavus, Lixus, 10019. 

concinna, Schizura, 10033. 

Conotrachelus nenuphar, 9896, 10053, 

10126, 10168, 10217, 10266. 

conquisitor, Pimpla, 9976, 10079, 10299. 

Contributions to the collection, 10341- 

464, 

contubernalellus, Chaetochilus, 9662. 

Ypsolophus, 9658, 

Cook, C. B., summary of voluntary 

reports of, 10164-172. 

eoprophila, Sciara, 9944, 

Corn, insects injurious to: 

cut worms, 10126, 

grasshoppers, 10023, 10091. 

Hydroecia nitela, 10183. 

Lophoderus triferana, 9992. 

Correspondence of the office, 9523. 

Corrodentia, contributions of, 10461. 
costalis, Pyralis, 10289. 

Country gentleman, frequent citations 
in List of publications of the ento- 

mologist, 10271-339. 

County fairs, traveling collection at, 

9542, 

Cranberry worm, 998%. 

Creosote oil for gypsy moth, formula, 

9616, z 

Crépidodera cucumeris, see Epitrix. 

NEW YORK STATE MUSEUM | - 

Crioceris asparagi, 10036, 10077, 10082, 

10132, 10146, 10167, 10177, 10214, 

10283, 10329. 
duodecim-punctata, 9918, 

- 10082, 10146, 10158, 10283. 

Crosby, C. R., summary of voluntary 

reports of, 10262. 

Crow devouring gypsy moth, 9609. 

Crude petroleum, see Petroleum, crude. 

Cryptorbynchus lapathi, 10071, 10079. 

10077, 

‘Cuckoos feeding on gypsy moth, 9609; 

on tent-caterpillars, 10194. 

Cucumber beetle, striped, 10053, 10097, 

10171, 10228. 
Cucumber flea beetle, 10097. 

Cucumber vines, insects injurious to: | 

Auasa tristis, 10102. 

Diabrotica vittata, 10053. 

cucumeris, Crepidodera, see Epitrix. — 

Epitrix (syn. Crepidodera), 1009% 

10211, | . 
cunea, Hyphantria, see Hyphantri 

cunea. . 

Curculionid, 10112. . 

Currant aphis, 10051. 

Currant bushes, insects injurious to: 

aphids, 10233, 10234. 

Aspidiotus perniciosus, 9676. 

Chionaspis furfura, 10159. 

Pteronus ribesii, 10128, 10142, 

., 12 
Currant worm, 10036 10049, 10058, 

10082, 10123, 10142, 10167, 10214, 10222, 

10232, 1023+. 

Cut worms, 1003®, 10049, 10126, 

Cyanid of potassium, see Hydrocy- 
anic acid gas. 

Cyllene picta, 10068. 

Cynips spongiftica, 9644. . 

Daisies, Macroqactylus subspinosus 

on, 10247. 

Darrison, R. H., summary of voluntary 

reports of, 10144. 

Datana integerrima, 10033. 

ministra, 10033, 10124, 10128, 10329. 

decem-lineata, Doryphora, see Dory- 

phora 10-lineata. 

+ 
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Descriptive catalogue of insects cited, 

102738. 

Desmocerus palliatus, 10064, 10076, 

10078. | 
destructor, Cecidom) ia, see Cecidomyia 

destructor. 

Nectarophora, see N. pisi. 

Diabrotica, 12 spotted, 10227. 

Diabrotica duodecim-punctata, 10227. 

vittata, 10053, 10097, 1017!, 10228. 

Dibrachys boucbeanus, 9981, 10295. 

Dioctes salicicola (syn. Limneria), 

9648, 

Diplosis pyrivora, 10188, 

Diptera, contributions of, 10385. 

Disonycha triangularis, 10318. 

dispar, Porthetria, 9517, 955°-624, 1028>, 

10289. 

Dissosteira carolina, 10003, 10186, 

disstria, Clisioeampa, see Clisiocampa 

disstria. 

Dogwood, Clisiocampa americana on, 

10251, 
Dolph, J. M., summary of voluntary 

reports of, 10159-1672. 

domestica, Musca, 10023. 

Doryphora 10-lineata, 10018, 10036, 

10037, 10054, 10058, 10088, 10097, 10148, 
10158, 10166, 10169, 10178, 10188, 10226, 

10257. 

Drepanosipbum acerifolii, 10326. 

Drosophila ampelophila, 10267. 

duodecim-punctata, Crioceris, see 

Crioceris duodecim-punctata. 

Diabrotica, 10227. 

Dutchess county, summary of volun- 

tary reports from, 1001-59. 

Eastern New York horticultural soci- 

ety, Proceedings cited,1031"; travel- 

ing collection with, 9542. 

Egg plants, Doryphora 10-lineata in- 

juring, 10257. 

Elder, Clisiocampa americaua on, 

10251, 

Elaphidion villosum, 10189, 1029. 

Elm, insects injurious to: 

canker worms, 10153. 

Clisiocampa disstria, 1020°, 10251. 

Euvanessa antiopa, 1017°. 

Galerucella Inteola, 9904, 10025, 

10037, 10058. 

Gossy paria ulmi, 10009. 

Lophoderus triferana, 9989. 

Magdalis armicollis, 10068. 

Porthetria dispar, 9592. 

Saperda tridentata, 1007°. 

Schizoneura americana, 10148. 

American, insects iniurious to: 

Clisiocampa americana, 10251. 

Galerucella luteola, 1002°. 

European, Galerucella luteola injur- 

ing, 10025. 

white, iusects injurious to: 

Magdalis armicollis, 10068. 

Saperda tridentata, 10075. 

Elm aphis, woolly, 10148, 10304. 

Elm bark louse, 9999-10002. 

Elm borer, 10069. 

Elm caterpillar, spiny, 10028, 10198. 

E]m leaf aphis, 10148, 10304. 

Elm leaf beetle, 951°, 9903-912, 10018, 

10022, 10024, 10037, 1005°, 1005, 10059, 

10108, 10113, 10188, 1023°, 10283, 10297, 

10306, 10317, 10323, 10325, 

English sparrow, see Sparrow, English, 

Entomologic division, U.S., Bulletin 

cited, 10282; relations with, 9548. 

Entomologic features of the year, 951° 

Entomologie field station, 9527-533. 

Entomology handbook, 10277. 

Ephemerida, contributions of, 10463. 

Ephestia kuehniella, 10336. 

Epicauta cinerea, 10179, 10331. 

pennsylvanica, 10333, 

Epitrix cucumeris (syn Crepidodera), 

10097, 10211. 

Erie county, summary of voluntary re- 

ports from, 10059-8}. 

Euvauessa antiopa, 10028, 10176, 10198, 

10263, 10283, 10315. 

exile, Anomalon, 9977. . 



1054 

Experimental orchard, description of, 

9679-681. 

Experiments with insecticides, 9671- 

887; conclusions, 9857-887 ; conditions 

of, 9679-681; crude petroleum, 9727- 

778; crude petroleum and whale oil 

soap, 9811-825; hydrocyanic acid 

gas, 9826-855; kerosene, 9682-726, 

9857-861; whale oil soaps, 9779-809, 

9965-974; whale oil soaps and crude . 

petroleum, 9811-825, 

Extension work, 9537-542, 

Fall army worm, 998°, 10059. 

Fall web worm, 10022, 10055, 10079, 
10114, 10129. 

Farmers institutes, work at, 9537-542; 

insects exhibited at, 9539. 

femur-rubrum, Melanoplus, 

10186, 

Fernow, B. E., courtesies acknowl- 

edged, 9552. 

Field station, entomologic, 9527-533. 

Fifteenth report of the state entomologist 

cited and contents given, 10321. 

Fish hatchery, Adirondack, entomolo- 

gic field station at, 952%. 

Fisheries, game and forest commis- 

sioners, courtesies acknowledged, 

9529, 9551; report cited, 10293. 

flavivitellus, Ypsolophus, 965%. 

Flea beetles, 10283. 

pale striped, 9898-903, 10157. 

fietcherella, Coleophora, 10119, 10127, 

10138. 

Flint, O. Q., summary of voluntary 

reports of, 10103-114. 

Flour moth, Mediterranean, 10336. 

Foord & Sons, Joseph, summary of 

voluntary report of, 10034. 

Forest insects, study of, 9525. 

Forest tent-caterpillar, birds feeding 

on, 1019; citations on, 1028%-326; cold 

affecting, 10018-67, 10085, 10104-1735, 

10195-216, 10242; egg beits collected, 

10238; experiments on, with insecti- 

cides, 996°-974; on raspberry bushes, 

10003, 

NEW YORK STATE MUSEUM 

9963; parasites, 9974-981; prevalence, 

9946-953; records of, by voluntary ob- 

servers, 10018-67, 1008°-175, 10193-265; 

reference, 9515, 9653, 10255, 10283-326; 

suddenness of attack, 9958-962; 

weather effect, 9954-962, 9982, 10018— 

67, 10085, 10104-17°, 1019-215, 10242. 

Forest worm, 10284. See also Forest 

tent-caterpillar. - 

Forests, insects injurious to: 

canker worm, 1025°. 

Porthetria dispar, 9596-602. 

French, S. H., summary of voluntary 

reports of, 10142. 

frontalis, Systena, 10283, 

frugiperda, Laphygma, 998°, 10059-6%. 

Fruit tree bark beetle, 9892, 10157. 

Fulton county, summary of voluntary 

reports from, 1008492. 

fulvescens, Theronia, 997°, 9977. 

Fumigation with hydrocyanic acid gas, 

apparatus and method, 9826-83?; ex- 

periments, 9826-856 ; usefulness, 988°. 

furfura, Chionaspis, 10047, 10159, 10291, 

futilalis, Pyrausta, 10316. 

Galerucella luteola, 9516, 9908-912, 

10016, 10037, 10055, 10108, 10188, 
10235, 1028, 10292, 10297, 10317. 

gemellatus, Cathartus, 9922, 10236. © 

Genesee county, summary of volun- 

tary reports from, 10092-103, 

Gipsy moth, appropriation for, 9565, 

articles on cited, 1028°,10289 ; bibliog- 

raphy, 9621; birds devouring, 9608; 

commission, 956°; description of 

stages, 9572-582; destructiveness, 

9593-602 ; dispersal, 960%; enemies, 

9608-61! ; foodplants,9589-59 ; habits, 
9582-593 ; history in America, 956%— 

572; introduction, 956°; life history, 

9582; poisons for, 9619; recommenda- 

tions, 9612-621; reference, 9517, 10285, 

10289 ; remedies, 9612-621; Shaler on, 
9597-602. . 

Gnaphalium polycephalum, Lophode- 

rus triferana on, 998%, 
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Gold gilt beetle, 9912, 10315. 

Gooseberries, Pteronus ribesii injuring, 

10038. 
Gossyparia ulmi, 9999-10002. 

Gould kerowater sprayer, 968. 

Gouty gall beetle, 10198. 

Grain beetles in a new réle, 9922. 

Grain moths, 10336. 

Grape vine, insects injurious to; 

Alypia octomaculata, 10267. 

Haltica chalybea, 10263. 

Macrodactylus subspinosus, 10247, 

Phylloxera, 10279. 

Grape vine flea beetle, 10057, 1026°. 

Grape vine roots, diseased, 10279. 

Grass, blue, Laphygma frugiperda in- 

juring, 998°, 10061. 

Grasses, insects injurious to: 

Cacoecia cerasivorana, 10148, 

Laphygma frugiperda, 9986, 10061. 

Grasshoppers, 998°, 10008, 10023, 10088, 

10089-91, 10127, 10149, 10183, 10198, 

red legged, 1000, 10185. 

Graves, G. S., summary of voluntary 

reports of, 10114-125. 

Green fruit worm, 10052. 

Greene county, summary of voluntary 

reports from, 1010%-114. 

Ground beetle, fiery, 10016, 10295. 

Haematobia serrata, 10023, 10126, 10185. 

Haltica chalybea, 10057, 10263. 

Handbook cited, 10277. 

Hart, W. H., experiments with crude 

petroleum on San José scale, 9868- 

872. 

Haystack moth, 10287. 

-hederae, Aspidiotus 

10287, 

Heer Wurm, 9938. 

Hemiptera, contributions of, 10427456. 

Herkimer county, summary of vol- 

untary reports from, 10114-125. 
Hessian fly, 10082, 10155, 10222, 10228, 

10267. ; 
Hickory, insects injurious to: 

Clisiocampa disstria, 10122, 

Cyllene picta, 10068. 

(syn. A. nerii), 

1055 

Hickory gall aphid, 1031?. 

histrionica, Murgantia, 9994. 

Hitchcock, W. C., summary of vol- 

untary reports of, 1018}. 

Holdredge, L. I., summary of vol- 

untary reports of, 1017°. 

Honey bees, 10164. 

Hooker, Lewis, summary of voluntary 

reports of, 10137-142. 

Hopkins, A. D., courtesies acknowl- 

edged, 9526, 9549. 

Horn fly, 10023, 10126, 10185. 

Horse flies, 10278. 

Horse guard, 1027®. 

House fiy, 10023. 

Houston, W. R., summary of volun- 

tary reports of, 10129-13°. 

Howard, L. O., courtesies acknowl- 

edged, 9548. 

hudsonias, Systena, 10283, 

Huested, S. B., summary of voluntary 

reports of, 1018°. 

Hunt, J. F., summary of voluntary 

reports of, 10215-222. . 
Hydrocyanic acid gas against San José 

scale, 9826-855; apparatus for, 982° 

833; conclusions, 9885; method, 9826 

833, 

Hydroecia nitela, 10166, 1018%. 

Hymenoptera, contributions of, 10341. 

Hyphantria eunea, 10022, 10055, 10079; 

10114, 10129. 

Ichneumon fly, 10079. 

Illustrated descriptive catalogue cited, 

10334. 
Injurious insects, 9554-668. 

innumerabilis, Pulvinaria, 10294. 

inquisitor, Pimpla, 9976, 9981, 10079, 

1029°. 
Insecticides, experimental work with, 

9671-887; conclusions, 9857-8875 

hydrocyanic acid gas, 982-856; 

kerosene, 9682-726, 9857-861; petro- 

leum, crude, 9727-778, 9811-825; 

whale oil soaps, 9779-82°, 9965-974. 

See also Remedies and preventives 

for insect depredations. 
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Insects, traveling collection of, exhib- 

ited, 9538-542. 

Insects injurious to maple trees cited, 

10293, 

integerrima, Datana, 10033. 

isabella, Pyrrharctia, 1011. 

Jackson, Mrs A. M, A., summary of 

voluntary reports of, 10149-155, 

Jefferson county, summary of volun- 

tary reports from, 10125. 

Johnson, J. F., summary of voluntary 

reports of, 10207-211, 

Johnson, W. G., on fumigation appa- 

ratus for scale, 9828. 

June bugs, 10016, 10017. 

Juniper plant bug, eggs described, 
gee. 

juniperina, Pentatoma, 999°, 

Katydids, 10129, 10335. 

Kerosene, experiments with, against 

San José scale, 9687-726; conelu- 

sions, 9857-861; reference, 10276. 

Kerowater sprayer used in experiments, 

9682, 

kuehniella, Ephestia, 10336. 

Lachnosterna, 10337. 

Lady beetles, 10152, 10221. 
lanigera, Schizoneura, 10125, 

lapathi, Cryptorhynchus, 10071, 10079. 

Laphygma frugiperda, 998, 10059-63, 

Lawns, insects in: 

Laphygma frugiperda, 10059-63, 

snake worm (Sciara species), 9928. 

Leaf hoppers, lightning, 10028, 

Leaf roller, red-banded, 9988-993, 

Lecanium, 10137, 

cerasifex, 1015°. 

tulipiferae, 10332. 

Leopard moth, 10294, 10317, 10339. 

Lepidoptera, contributions of, 10389- 

494, 

leucopterus, Blissus, 10334. 

leucostigma, Notolophus, see Notolo- 

phus leucostigma. 

Lewis, H. D., summary of voluntary 

reports of, 10046-56, 

Limneria salicicola, see Dioctes. 

Linden, Clisiocampa disstria on, 10205, 

lineatella, Anarsia, 10133, 10232, 10233. 

Lintner, J. A., memorial of life and 

bibliography of works cited, 10273. 

List of publications of the entomolo- 
gist, 10271-339. 

Livingston county, summary of vol- 

' untary reports from, 10129-13?. 

Lixus concavus, 10019. 

Locust, Carolina, 10003, 10186. 

lesser migratory, 10005. 

red legged, 10002, 10186. 

Locust borer, 10325. 

Long sting, lunate, 10295. 

Lophoderus triferana, 998%. 

lunator, Thalessa, 10295. 

luteola, Galerucella, see Galerucella 

luteola. 

Macrodactylus subspinosus, 10019, 

10247, 10308. 

Madison county, summary of volun- 

tary reports from, 10133. 

Magdalis armicollis, 10068, 10069, 10075, 

10077. 

barbita, 10069, 1007°. 

Mairs, Mrs E. H., summary of volun- 

tary reports of, 10255. 

mali, Aphis, see Aphis mali. 

Maple, insects injurious to, 10293. 

canker worms, 10153. 

Clisiocampa americana, 10199, 10266. 

disstria, 9946, 10018, 10054, 
10104, 10113, 10115, 10122, 

1017°, 10205, 10286, 10294. 

Dicerea divaricata, 1006°. 

Elaphidion villosum, 10294. 

Hyphantria cunea, 10129, 

Lophoderus triferana, 9989. 

Notolophus leucostigma, 10293. 

Plagionotus speciosus, 10108, 1012!, 

10161, 10294, 10314. 

Porthetria dispar, 9592. 

Prionoxystus robiniae, 1019§. 
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Maple, insects injurious to (cont'd): 

Pulvinaria innumerabilis, 10294. 

Sesia acerni, 10294. 

‘ Zeuzera pyrina, 10294. 

sugar, insects injurious to: 

Clisiocampa disstria, 9946, 10104, 
10113, 10286. 

Dicerca divaricata, 1006°. 

Plagionotus speciosus, 10103, 10314. 

Maple borer or sugar maple borer, 

10029, 10033, 1010?, 10121, 10294, 10314, 

10317. 

Maple Sesian, 10294. 

Maple tree pruner, 10294. 

Maple tree scale insect, cottony, 1029+. 

Maple worm, see Forest tent caterpil- 

lar. 

Massospora cicadina killing 

hoppers, 9889, 10127. 

May beetles, 10167, 10226, 

Meiklejohn, A. G., summary of volun- 

tary reports of, 1003842. 

Melanoplus atlanis, 1000°. 

femur-rubrum, 10002, 101856. 

Melittia satyriviformis, 1005°. 

mella, Tachina, 9978. 

Melon vines, Diabrotica vittata injur- 

ing, 10053. 

Memorial of life and entomologic work 

of Joseph Albert Lintner Ph.D. cited 

and contents given, 10273. 

Metz, J. U., summary of voluntary re- 

ports of, 10082, 

Microcentrum retinervis, 10336. 

wilitaris, Sciara, 9939. 
Milkweed. Cacoecia cerasivorana on, 

10148. 

Milkweed or monarch butterfly, 10149, 

10338. 

Miller, Mrs M. S., summary of volun- 

tary reports of, 10147. 

ministra, Datana, 10033, 10124, 10128, 
10329. 

misella, Pentilia, 9704. 
Monarch or milk weed butterfly, 10149, 

10338. 

Monedula carolina, 10276. 

Monroe county, summary of voluntary 

reports from, 10137-142, 

grass- 
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Montgomery county, summary of yol- 

untary reports from, 10142. 

Morning glory, Bedellia somnulentel!a 

on, 10092. 

Morrell, L. L., experiments with crude 

petroleum on San José scale, 977°, 

9868-872. 

Mourning cloak or willow butterfly, 

10263, 10283, 10318. 

Muck worms, 1033°. See also White 

grubs. 

Murgantia histrionica, 9994. 

Musca domestica, 10023. 

Mytilaspis pomorum, 

10196, 10208. 

Myzus cerasi, 10112, 10219. 

ribis, 10051. 

10122, 10162, 

Nectarophora destructor, see N. pisi. 

pisi (syn. N. destructor), 10031, 

10177, 10318. 

Needham, J. G., work at entomologie 

field station, 9525-533. 

nenuphar, Conotrachelus, see Cono- 

trachelus nenuphar. 

nerii, Aspidiotus, see A. hederae. 

Neuroptera, contributions of, 10424. 

Niagara county, summary of volun- 

tary reports from, 10144. 

nitela, Hydroecia, 10166, 10183, 

Notes for the year, 9888-1000; article 

cited, 10287. 

Notolophus leucostigma, 10029, 10065, 

10204, 10293, 10298. 
Nursery inspection, 9519-521, 9673. 

Oak tree, insects injurious to: 

Lophoderus triferana, 9989. 

Porthetria dispar, 9592. 

Oak tree pruner, 10189. 

Oats, grasshoppers 

10006, 10091, 10183. 

ocellana, Tmetocera, see Tmetocera 

ocellana. 

octomaculata, Alypia, 10267. 

Odonata, contributions of, 10462. 

Office work, 9519-523, 

injuring, 1000°, 
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‘Onaida county, summary of voluntary 

reports from, 1014". 

Onondaga county, summary of volun- 

tary reports from, 10149-15°. 

Ontario county, summary of voluntary 

reports from, 10155. 

‘Opsicoetus personatus, 10318. 

Orange county, summary of voluntary 

reports from, 10159-162. _ 

‘Orchard trees, insects injurious to: 

Aspidiotus perniciosus, 9671-887. 

eanker worm, 1025°. 

Clisiocampa americana, 10168, 

10168. 

Lecanium cerasifex, 1015°. 

Scolytus rugulosus, 9892, 10157. 

Tmetocera ocellana, 10165. 

Ypsolophus pometellus, 9628. 

See also entries under various trees. 

‘Orchards, experimental work on San 

José scale in, 9671-887. 

Oriole, Baltimore, feeding on gipsy 

moth, 9609; on _ tent-caterpillars, 

10026, 10183, 10183. 

‘Orleans county, summary of voluntary 

reports from, 10167. 

‘Orme drag, 9938. 
-Ormenis pruinosa, 10028. 

‘Orthoptera, contributions of, 10456, 
‘Osage orange, Lophoderus triferana 

infesting, 9991. 

Oswego county, summary of volun- 

tary reports from, 10164-1772. 

Otsego county, summary of voluntary 

reports from, 10173. 

Owen, C. A., summary of voluntary 

reports of, 10133, 

Paleacrita vernata, 10189. 

palliatus, Desmocerus, 1006, 10075, 

10078. 

pallipes, Polistes, 9979. 

Palmer worm, account of, 9625-668; 

arsenical poisons, effect of, 9649-654 ; 

bibliography, 9655-668; description 

of stages, 9634; enemies, 9644; food 

plants, 9644; habits, 9638-644; his- 

tory, 9628-633 ; life history, 9638-644; 

parasites, 9645; recorded occurrence, 

10083, 10099-102, 10147, 10163, 10169; 

remedies, 9654; resistance to arseni- 

cal poisons, 9649-654; variations, 

9635. 

Parasites, 9974-981, 10078, 10124. 

pauciguttellus; Ypsolophus, 9658, 9968. 

Pea aphis, 10031, 10177, 10178, 10179. 

Pea vines, insects injurious to: 

Bruchus pisi, 10268. 

Nectarophora pisi, 10031, 10178. 

Peachtree, insects injurious to: 

Anarsia lineatella, 10132, 10232, 

10233. 

Clisiocampa 

10251, 10265. 

Pomphopoea sayi, 9891. 

Scolytus rugulosus, 9894. 

Pear midge, 10188. 

Pear psylla, 10098, 10139, 10234. 

Peartree, insects injurious to: 

Carpocapsa pomonella, 10169. 

Clisiocampa americana, 10251. 

disstria, 10204, 

Conotrachelus nenuphar, 1012, 

plant lice, 10133, 

Tmetocera ocellana, 10096. 

? Xylina antennata, 10168, 

? Ypsolophus pometellus, 10168. 

pennsylvanica, Epicauta, 10333. 
Pentatoma juniperina, 9996, 

Pentilia misella, 9704. 

perniciosus, Aspidiotus, 9672-887. 

Pernicious scale, see San José scale. 

perplexus Ashm. MS., Apanteles, 9648, 

personatus, Opsicoetus, 10318. 

Petroleum, crude, in experiments 

against San José scale, 9727-778, 9862— 

878, 10315; with whale oil soaps, 

9811-825. 
Phlegethontius celeus, 10172. 

phloeocoptes, Phytoptus, 10318. 

Phylloxera, 1027°. 

caryaecaulis, 10312. 

Phytoptus phloeocoptes, 10318. 

picta, Cyllene, 10068: 

americana, 10213, 

a eS Oe 
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Pieris rapae, 10024, 10035, 10124, 10165, 

10173. 

Pigeon Tremex, 10032, 10295. 

Pimpla conquisitor, 9976, 10079, 10295. 

inquisitor, 9976, 9981, 10079, 10295. 

Pines, bark beetles injuring, 1017°. 

pisi, Bruchus, 10268. 

Nectarophora (syn. N. destructor), 

10031, 10177, 10318. 

Plagionotus speciosus, 1002%, 10033, 

10103, 10121, 10294, 10314, 10317, 

Plant lice, see Aphids. 

plexippus, Anosia, 10149, 10338. 

Plugging trees, 10328. 

Plum curculio, 989°, 10053, 10054, 10128, 

10168, 10172, 10217, 10218, 1026°. 

Plum Lecanium, 10137. 

Plumtree, insects injurious to: 

Clisiocampa americana, 

1026°. 

disstria, 10018, 10204, 10208. 

Conotrachelus nenuphar, 1005, 

10054, 10126, 10217. 

May beetles, 10187. 

Xylina species, 1005. 

Podisus spinosus, 10152, 10252. 

Polistes pallipes, 9979. 

Polystoechotes punctatus, 10164. 

pometella, Rhinosia, 9663, 9664. 

pometellus, Chaetochilus, 9659, 9662. 

Ypsolophus, see Ypsolophus pome- 

tellus. 

pomonella, Carpocapsa, 1016%. 

pomorum, Mpytilaspis, 10122, 

10196, 10208. 

Pomphopoea sayi, 9891. 

Pop corn, green, Lophoderus triferana 

infesting, 998%. 

Popiar, insects injurious to: 

Clisiocampa americana, 10255. 
Cryptorhynchus lapathi, 10071. 

Mytilaspis pomorum, 10208, 

Porthetria dispar, 9517, 955°-624, 10285, 

10289. See also Gipsy moth. 

Potato beetle, 10018, 10019, 10022, 10036, 

10037, 1005, 10058, 10088, 10097, 10102, 

10128, 10148, 10158, 1016®, 10169, 101738, 

10251, 

10162, 

10188, 10226, 10227, 10228, 10252, 10257, 

10333. 

Potatoes, insects injurious to: 

Epitrix cucumeris (syn. Crepido- 

dera), 10097, 10211. 

Doryphora 10-lineata, 10226. 

Preventives, see Remedies and pre- 

ventives. 

Prionoxystus robiniae, 10196. 

pruinosa, Ormenis, 10028, 

Psylla pyricola, 10098, 10139, 1023¢. 

Pteromalus vanessae, 9978, 

Pterenus ribesii, 10036, 10049, 10058, 

10087, 1012, 10142, 10167, 10214, 10222, 

10232, 

Publications of the entomologist, 9534, 

10271-3339. 

Pulvinaria innumerabilis, 10294. 

Pumpkin vines, Anasa tristis on, 10102, 

punctatus, Polystoechotes, 10164. 

Pyralis costalis, 10289. 

Pyrausta futilalis, 10316. 
pyrina, Zeuzera, 10294, 10318, 10339. 

pyrivora, Diplosis, 10188. 

Pyrrharctia isabella, 10115. 

Queens county, summary of voluntary 

reports from, 10177. 

quercipominella, Ypsolophus, 

9658. 

Quinces, Tmetocera ocellana injuring, 

10098. 

9657, 

rapae, Pieris, see Pieris rapae. 

Raspberries, Clisiocampa disstria in- 

juring, 996, 10136. 

Raspberry sawfly, 10325. 

Red-eyed vireo, see Vireos. 

Red-humped apple tree worm, s8¢é 

Apple tree worm, red-humped. 

reedella, Ypsolophus, 9657. 

Regents, acknowledgment to, 955%, 

See also University of the State of 

New York. 

Remedies and preventives for: 

appletree worm, yellow-necked, 

10329, 
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Remedies, ete. (cont'd): 

asparagus beetles, 1032%. 

bark louse, scurfy, 10291. 

blister beetle, ash grey, 1033}. 

borers, 10277. 

buffalo tree hopper, 10288. 

canker worms, 10319. 

chinch bug, 10334. 

elm leaf beetle, 9904, 10292, 1029, 

10306. 

flea beetles, 9902. 

gipsy moth, 9615-621, 10284, 1028°. 

haystack moth, 1028°. 

horse flies, 10278. 

maple borer, 10314. 

muckworms, 10337. 

palmer worm, 9654, 

rose beetle, 103809. 

tent-caterpillars, 

10238-246, 10288, 

10299, 10308, 10314. 

tulip tree scale, 10332. 

white grubs, 10311, 10337. 

Remedies and preventives for insect 

depredations, 10278, 10334: 

arsenate of lead, 9619, 965°, 10206, 

10292, 10303, 10308. 

bands, 9617. 

bordeaux mixture, 9652. 

creosote oil, 9618. 

destruction of eggs and cocoons, 

9615, 10286, 10287, 10308. 

fumigation, 9826-856, 

hydrocyanic acid gas, 9826-856, 

kerosene, 9682-728, 9857-861, 10276. 

paint, 10277. 

petroleum, crude, 10315, 9727-778, 

9965-974, 10208, 
10287, 10296, 

98 11-825, 

spraying, 9671-887, 9904, 10296, 

10297, 10299, 10305, 10314, 10315, 

10318. 

sulfur, 10328. 

washes, 10277. 

whale oil soap, 965°, 9779-825, 9965- 

974 

Rensselaer county, summary of vol- 

untary reports from, 10181, 

NEW YORK STATE MUSEUM. . 

| Report of committee on insects cited, 

0317. 

Report of state entomologist, 15th, cited 
and contents given, 10321, 

retinervis, Microcentrum, 10338. 

Rhaphidodemas titea, 10191. 

Rhinosia pometella, 9663, 9664. 

also Ypsolophus pometellus. 

Rhubarb, Lixus concavus injuring, 

10019. 
Rhubarb eurculio, 10019. — 
ribesii, Pteronus, see Pteronus ribesii. 

ribis, Myzus, 10061. 

Roach, Paul, summary of voluntary re- 

ports of, 10202. 

Robin feeding on gipsy moth, 9609; 

on tent-caterpillars, 10194. 

robiniae, Prionoxystus, 1019®. 

Rockland county, summary of volun- 

tary reports from, 1018®. 

Roeper, W. H., summary of voluntary 

reports of, 10258-262. 

Rose, J. F., summary of voluntary re- 

ports of, 10092-103. 

Rose beetles, 10019, 10247, 10309. 

Roses, insects injurious to: 

aphids, 10052, 

Lophoderus triferana, 9989. 

Macrodactylus subspinosus, 10237. 

ruderella, Ypsolophus, 9658. 

ruficollis, Agrilus, 10198, 

rugulosus, Scolytus, 9892, 10157. 

See 

St John, E. P., summary of volun- 

tary reports of, 10223, 

St Lawrence county, summary of’ 

voluntary reports from, 10189-199. 

salicicola, Dioctes (syn. Limneria),964°. 

Limneria, see Dioctes. 

Salsify, Lophoderus triferana injuring, 

9991, 
Sambucus, Desmocerus palliatus in- 

festing, 10064, 1007. 

San José scale, experiments in com- 

bating, 9671-887; conclusions, 9857— 

887; crude petroleum against, 9727- 

778; Hart’s, 9868-872; hydrocyanic 
acid gas against, 9826-856 ; kerosene 
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against, 9682-726, 9857-86! ; Morrell’s, 

9775, 9868-872; whale oil soap against, 

9779-809 ; whale oil soap with ernde 

petroleum against, 9811-825. 

Saperda tridentata, 10069, 10074, 10077. 
Saranac Inn, entomologic field station 

at, 9529. 

Saratoga county, summary of volun. 

tary reports from, 10199-20?. 

satyriniformis, Metittia, 1L005°. 

sayi, Pomphopoea, 9891. 

Schenectady county, summary of vol- 

untary reports from, 10202. 

Schizoneura americana, 10148, 10304. 

lanigera, 10125. 

Sehizura concinna, 10033. 

Schoharie county, summary of volun- 

tary, reports from, 10207-21}, 

Schuyler county, summary of 

tary reports from, 10212. 

Sciara coprophila, 9944. 

militaris, 993%. 

species, 9927. 

thomae, 9939. 

Scolytus rugulosus, 9892, 10157. 

Seurfy bark louse, see Bark loase, 

seurfy. . 

Seedlings, appletree, injured by Sys- 

tena taeniata, 9898, 10157, 10256. . 

Seneca county, summary of voluntary 

reports from, 10215-222. 

septendecim, Cicada, 1028%, 10326. 

serrata, Haematobia, 1002%, 10126, 

1018>. 

Sesia acerni, 1029. 

Shade tree insects cited, 10297. 

Sherman, M. B., summary of volun- 

tary reports of, 10189-199. 

Silvanus surinamensis, 992?, 10236. 

Siphonaptera, contributions of, 10385. 

Sitotroga cerealella, 1033°. 

Smith, H. W., summary of voluntary 

reports of, 10212. 

Smith, J. B., on crude petroleum, 9874. 

Smith, J. M., summary of voluntary 

reports of, 10026-33, . 

Smoke tree, borer infesting, 10338. 

volun- 
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Snake worm, 9927-945, 

Soldier bug, spined, 10152. 

somnnientella, Bedellia, 10092. 

Song birds, see Birds. 

Sparrow, chipping, 

moth, 9609. 

English, on asparagus 

beetles, 10077; on grasshoppers, 

10089; on tent-caterpillars, 1008°, 

se) ROORE, L018: 

- wood, feeding on tent caterpillars, 

10182. 

speciosus, Plagionotus, see Plagionotus 

speciosus. 

Sphecins, 10828, 10332. 

Sphecius speciosus, 10328, 10332. 

spinosus, Podisus, 10152, 10252. 

Spittle insects, 10127. 

spongifica, Cynips, 9644. 

Sprayer, Gould’s kerowater, used in 

experiments, 9682. 

Spraying, 9516, 9671-825, 9904, 10298, 

10299, 10305, 10318. 

Squash bug, 10102, 1016!, 10235. 

Squash vine borers, 10055. 

devouring gipsy 

feeding 

Squash vines, insects injurious to: 

Anasa tristis, 10102. 

Diabrotica vittata, 1005%. 

Stalk borer, 10166, 10183, 

Staplin, George, summary of voluntary 

reports of, 10125. 

State department of agriculture, rela- 

tions with, 9519-522. 

State museum, Bulletins cited, 1027?, 

10321, 10334. 

Steuben county, summary of voluntary 

reports from, 10223. 

Strawberry vines, insects injurious to : 

Lophoderus triferana, 9991. 

white grubs, 10167. 

Stuart, C, H., summary of voluntary 

reports of, 10249-2586. 

Macrodactylus, 10019, subspinosus, 

10247, 10309. 

Sugar beets, see Beets, sugar. 

Sugar maple, see Maple, sugar. 

. Sugar maple borer, see Maple borer, 
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Summaries of reports from yoluntary 

observers, 10014—268. 

surinamensis, Silvanus, 9927, 10236. 

Systena frontalis, 10283. 

hudsonias, 10283. 

taeniata, 9898-903, 10157, 10256. 

Taber, F. A., summary of voluntary 

reports of, 10056. 

Tachina, mella, 9978. 

Tachinidae, 9976, 10079. 

tacniata, Systena, 9898-903, 10157, 10256. 

Tent-caterpillars, ‘see Appletree tent- 

caterpillar ; Forest tent-eaterpillar. 

Thalessa lunator, 10299. 

Theronia fulvescens, 9975, 9977. ° 

thomae, Seiara, 9939. 

Thompson, Rhoda, summary of vol- 

untary reports of, 10199-202, 

Thorn, Pauls new double, Clisiocampa 

americana injuring, 1025°, 

titea, Rhaphidodemas, 10191. 

Tmetocera ocellana, 10047, 10096, 10139, 

10165, 10213, 10231, 10263. 

Tobaceo, cut worms on, 10036. 

Tomato worm, 10i7?. 

‘Tomatoes, insects injurious to : 

Kpitrix (syn. Crepidodera) eucum_ 

eris, 10097. 

Hydroecia nitela, 1016. 

Tompkins county, summary of volun- 

tary reports from, 1022°. 

Traveling collection, 9539-542, 

Tremex columba, 10032, 10079, 10295. 

triangularis, Disonycha, 10318. 

tridentata, Saperda, 10069, 10074, 10077. 

triferana, Lophoderus, 9988. 

tristis, Anasa, 10102, 10161, 10235. 

Talip tree, Lecanium tulipiferae on, 

10332. 

Tulip tree scale, 10331. 

tulipiferae, Lecanium, 10332. 

Tussock moth, 10029, 10066, 10069, 10074, 

10081, 10204, 10293, 10298, 

ulmi, Gossyparia, 9999-10002, 

NEW YORK STATE MUSEUM 

Ulster county, summary of voluntary 

reports from, 10229-239, i 

United States division of entomology, 

Bulletin cited, 10282; courtesies 

of workers acknowledged, 9548, 

University of the State of New York, 

Handbook cited, 10277; museum pub- ~ 

lications cited, 10273, 10321, 10334; 

regents of, 9552. 

vanessae, Pteromalus, 9978. 

vernata, Paleacrita, 10189, 

villosum, Elaphidion, 10189, 10294. 
Vines, Mytilaspis pomorum injuring, 

10198. 

Vinegar fly, 10267. 

Vireos feeding on gipsy moth, 9609; on 

tent-caterpillars, 10182. 

Voluntary entomologic service of New 

York state, 954°, 10007-268; press 

summaries cited, 10281, 10296327, 

Voluntary observers; summaries of 

reports from, 10014-268, 

Warblers feeding on tent-caterpillars, 

10194. 

Warren county, summary of voluntary 

reports from, 1023-247. 

Washington county, summary of vol- 

untary reports from, 10248. 

Wasp attacking forest tent-caterpillar, 

9979. 

Waxwings destroying tent-caterpillars, 

10026, 10194. 

Wayne county, summary of voluntary 

reports from, 10249-2586. 

Web worm, fall, 10022, 

10114, 10129. 

Westchester county, summary of vol- 

untary reports from, 10258. 

Western New York horticultural so- 

ciety, traveling collection with, 

954, 

Whale oil soap, experiments against 

San José scale, 9779-825, 9879-884; 

against tent-caterpillars, 9965-973, 

10055, 10079, 
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Wheat, insects injurious to: 

Cecidomyia destructor, 10082, 

10154, 10228, 10267. 

Clisiocampa disstria, 1013°, 

White grubs, 10167, 10311, 10335. 

Williams, C. L., summary of volun- 

tary reports of, 1023-247, 

Willow, insects injurious to: 

Cryptorhynchus lapathi, 1007}, 

10079. 

Mytilaspis pomorum, 10167, 10208. 

Willow or mourning cloak butterfly, 

10263, 1028%, 10318, 10326. 

Euvanessa antiopa. 

Witch hazel, Clisiocampa disstria on, 

10122. 

Wood sparrow, see Sparrow, wood. 

Woolly bears, brown and black, 10115. 

Wrens feeding on plant lice, 10083. 

Wyoming county, summary of volun- 

tary reports from, 10258-26?. 

See also 

Xylina antennata, 10169. 

species, 10052, 10266. 

Yates county, summary of voluntary 

reports from, 10262. 

Yellow-billed cuckoo, see Cuckoos 

Yellow-necked apple tree worm, see 

Appletree worm, yellow-necked. 

Yellow-throated vireo, see Vireos, 

Ypsolophus contubernalellus, 9658. See 

also Y. pometellus. 

flavivitellus, 9659. See also Y. 

pometellus. 

pauciguttellus, 9658, 9668. See also 

Y. pometellus. 

pometellus, 9625-668, 1008, 10099- 

102, 10147, 1016, 10169. 

quercipominella, 9657, 9658. See 

also Y. pometellus. 

reedella, 9657. See also Y. pom 

etellus. 

ruderella, 9658. See also Y. pom- 

etellus. 

Zeuzera pyrina, 10294, 10318, 10339. 

ERRATA 

Page 964 line 16 from bottom, for [Limneria] read (Limneria) 

Page 1009 lines 11, 12 from bottom, fur Crepidodera read Epitrix 

Page 1016 line 12, for Polystochoetes read Polystoechotes 

Page 1017 line 4, for Phelgethontiuas read Phlegethontiuas 

Page 1019 line 2, for Raphidodemas read Rhaphidodemas 

(Fages 1065-66 were bulletin cover pages) 
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