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experience has already facilitated these operations more than could
be done by advice, it is not deemed sufficiently important to
demand a place in the present work.

SECTION V.
- Marshy Soils.

§ 154. The richness of the marsh lands in the Western and
Southern parts of Kent and on the ridge in Sussex has been a
theme of admiratien to all who have visited them. They are
sitnated on thie branches of the several streams, which having
their sources in Delaware usually flow towards the Chesapeake,
and which originating from rains and springs in the midst of ex-
tensive forests on a broad and very flat surface with an argilla-
ceous substratum impervious to water, and becoming clogged and
dammed up by fallen trees, leaves and brushwood, naturally ex-
pand into broad basins, termed marshes. The luxuriant growth
of trees, shrubs, and smaller plants, and their constant dilapida-
tion and decay, in the shallow waters of the sluggish streams
during the lapse of ages has generated a black vegetable mould,
averaging three feet in depth, being rarely less than six inches and
somelimes exceeding six feet composed throughout of the same
materials. It was not until the close of the past or within the
present century that effectnal means were resorted to for recover-
ing this land from almost constant inundation, since which time
nearly all the great marshes have been drained by the excavation
of ditches or more properly canals in the natnral bed of the stream,
and a large amount of the most fertile soil in the state bronght
under cultivation. One of these great drains increases from 12 to
24 feet in width from its source to its mouth, a distance of nine
miles, and throws off a sufficient quantity of water in spring
freshets to float a moderately sized vessel. The Colberth, Cow,
Herrington and Tappehanna marshes in the West of Kent county
are the main feeders of the Choptank, and Marshy Hope in the
South forms a main source of the North West Fork River. The
principal and several minor branches of the Nanticoke have been
also subjected to drainage, beside many smaller streams in Sus-
sex. When all the water-courses shall have been confined in a
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similar manner within their proper channels, a very large amount
of an inexhaustibly fertile so1l will be brought under the plough,
and the noxious exhalations of marshy lands will cease to pro-
duce diseases to which their inundated state renders them sub-
ject.

§ 155. When we examine the soil thus wrested from the waters,
an unusual uniformity of composition appears to prevail in it; it is
black, very unctuous to the touch in its moistened state, rarely so
light and spongy as not to admit of grain after a little cultivation,
becoming sufficiently compact on drying and consisting of de-
cayed organic matter and argillaceous earth. The organic matter
chiefly humus-coal, and humin, § 111, a little of the humic and
crenic acids, §§ 112, 113; and that it does not contain uncombined
acids, such as the malic, acetic or phosphoric in quantity, is shown
by its productiveness immediately after clearing § 119. The
fertility of these soils is shown from the fact that some fields have
been tilled in corn for 40 years in succession, without an apparent
diminution of their productiveness; but nevertheless the idea,
which seems to have become deeply rooted in the minds of the
people of our western states, that such land can never be ex-
hausted, cannot be too soon refuted and exploded in Delaware.
No soil, however rich, can withstand excessive tillage, except it
receive an adequate return of its richness; an assertion to which
the experience of ages will bear witness, and which will be con-
firmed by the experience of the West, ere 50 years shall have
elapsed. The quantity of organic matter in some of the marshes
is so great that during a dry season, the soil which was accident-
ally fired, continued to burn like coal, and could only be extin-
tingnished by rain. The remains of such fires have been ob-
served in several instances, where the carbonaceous matter hav-
ing been burned out, left the earthy counstituents converted into
a substance resembling brick by the heat of the fire. Itis said
that lime applied to this land has sometimes been found injurious.
It may admit of a doubt whether the experiments were judi-
ciously made, but supposing that to be the case, it must arise from
the existence of too much humin, or the organic acids, which the
addition of lime would bring into a too rapid action. The pro-
per course to pursue with it would be to give a very light dress-
ing of lime, which has been exposed to air for some time in order
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to its combination with carbonic acid, in which state it guaran-
tees a gradual decomposition of insoluble vegetable matter, as
shown §§ 131, 132. There is one important use which these
soils may receive and it is only surprising that so little attention
has been paid to it; the adjoining lands, sometimes argillaceous,
are usually light sands, and if a portion of the black marsh soil
were spread upon them, it would render them both more pro-
ductive and cohesive, and surely there is in nearly every place
where it occurs a superfluity which should not be suffered to lie
unproductive.

§ 156. Similarly formed to the marshy soils and arising in part
from them, are those black deposites in the creeks and branches,
existing in all parts of the state, but abounding in Sussex and
Kent. They are largely composed of organic matter, but con-
tain more earthy constituents than the preceding, and ‘appear to
be better elaborated, and prepared foruse. In a majority of cases
they may be directly applied to land without mixture, and will
prove a very valuable substitute for manure of the organie kind,
but if extracted where the tide flows, it will often be requisite to
expose them to frost, or mingle them with lime, or submit them
to both, prior to their employment. It is not merely in larger
streams we are to look for this material, but in small branches,
brooks and even in the courses of springs; it may be found on
nearly every tract of land in the state, and more especially to the
south. It is a source of fertility within the grasp, and certainly
within the means of every citizen, and it only needs to be tried,
fairly tried to gain it a lasting reputation as natural organic ma-
nure. Experiments have been made with it to a very limited
extent, and although successful, it is surprising that its use has not
extended; for in some instances, applied alone it has doubled a
crop of corn in the first season, and exhibited good effects for
many years; with lime it has produced similar results which will
stand the test of a longer time. This vegetable soil is not always
uniform in its composition, for although in creeks it is usually
black, and earthy, yet in some small upland ponds or swamps
it is brown, light and spongy. 1In the latter case in particular it
should be employed in connection with lime in the caustic state,
i. e.freshly slacked, to promote incipient decomposition, and to cor-
rect acidity, and even in all instances of its application, lime will
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164 ECONOMICAL GEOLOGY.

benefit it and insure greater durability of action. Many farmers
in Delaware, really desirous of improvement, know not where
or how to commence, since they cannot raise one-fourth the quan-
tity of manure requisite for restoring productiveness, and their
farms are extensive. Here is a material, with which to make
the first attempt; let them use it alone, and if it prove good, con-
tinue uutil means are obtained to employ lime in addition to it;
if the result be not favorable alone, let it be carried to the barn-
yard, to form a layer of it there, and when its surface has been
covered by manure, let them bring in another layer, and in such
a manner, the quantity of manure may be increased many fold,
without deteriorating its quality.

§ 157. From the upper part of the state to its southern boun-
dary the Delaware river and bay, and the sea-coast are skirted by
flat lands of varying breadth sometimes exceeding a mile, sub-
ject at times to inundation, consisting of a flat, and dark colored
vegetable mould, clothed with a luxuriant growth of reeds aud
grasses. Supposing them to average a mile and a half in width
through the whole length of the state, we would have about
100,000 acres of Delaware marshes, a large extent of land, which
if it were brought under cultivation, would prove to be the rich-
est land in the state. Its depth and richness of soil, and the ready
means of restoring it when exhausted, are ample proofs of the
assertion, but it inay be reasonably doubted whether so great an
undertaking as reclaiming this land at the present time would
meet with an adequate return, when we consider its expense, the
comparative paucity of population, and the imperfect system of
agriculture pursued in the state. The successful execution of a
small portion of the task in the upper county is ample evidence
that the work is practicable, and the experience, which Holland
has attained on this subject during ages, could be wielded in
Delaware. But since it is not at all likely to be brought into execu-
tion for a long period of time, why may we not derive some
benefit from these lands at the present time? Independently of
the embankment of small tracts along the shore, and without re-
ference to the grazing of cattle on these natural grass lands, the
soil of the marshes may, and should be applied extensively as a
manure on the upland. The embankment of ditches where they
are not otherwise required, may be employed; or the marsh may
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be dug expressly with the view of employing the soil as a fer-
tiliser, and it is such a vegetable mould which is chiefly required
in Delaware to render it more fertile. The marshy deposite to
which allusion was made, § 101, is variously composed, or more
properly speaking, it is in different states of decomposition; being
sometimes a black, unctuous matter, both vegetable and mineral,
containing no traces of vegetable fibre, again a similar soil with
fibre, and lastly a formation consisting chiefly of fibre or the un-
decayed roots and leaves of plants. The first of these, is the
most valuable, and may sometimes be directly applied to land
without admixture, but it is advisable to adopt a uniform method
of using it which may be done in two ways, by mingling it with
lime, better after exposure to the air for some time, or by draw-
ing it into the barn-yard to bring it into an incipient fermentation
by contact with stable manure. In either case it will more than
repay its expense, and if lime be employed on the land at the
same time, a more powerful and durable influence will be derived
from it. There is one kind of material bearing some connection
with the preceding, a species of sea-weed, observed along the
shore of the bay, but more remarkably constituted on the
beach a few miles below Lewes, which will prove of great excel -
lence, when brought to an incipient fermentation, as it contains
much blue mud, and is penetrated, and inhabited by numberless
shell-fish. It would become more useful if drawn into the barn-
yard, and suffered to ferment in a slight degree, for the decompo-
sing animal matter, will bring the weed rapidly into a similar
stale.

§ 158. There remains yet one other substance, which is easily
obtained, and will repay the expense of its application to the soil.
It is the “blue mud,” § 101, which is constantly depositing from
the river and bay, on the marsh lands under the circumstances
pointed out in the paragraph referred to. The fertility of those
lands of which it forms the upper surface,and its beneficial effects
in the few instances in which it has been employed on the upland
are a warrant of its fertilising powers, but it is a matter of some
doubt to what substances its effects are mainly to be attributed.
Its basis is a fat clay, both lead-colored and yellowish, with a
gnantity of organic matter, which appears to be chiefly in the
state of crenic and apocrenic acids combined with the oxide of
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iron. There is no doubt that it would be advantageous if ap-
plied directly to the soil, but its tenacity is an objection to such a
mode of using it, and hence it is more advisable either to draw
it into the barn-yard, where it will be broken down and mingled
with manure, or to mix it with lime, and expose it for some time
to the air, adding at the same time, the black marsh soil, which
is generally to be obtained in its vicinity.

§ 159. In the present section our attention has been devoted to
a fertilising ingredient of a high order, which we have denomina-
ted « Marshy Soil”> in order to embrace the several varieties
under one head; in agricultural works it might be termed a peaty
soil, but the term would not include all those which have been
described, for the “ blue mud” is wholly unlike a peaty soil, but
being deposited on the river-marshes, it soon becomes a marshy
soil, and many of -the creek and western marsh deposites are far
from being peaty, although they contain much organic matter.
From a careful perusal of the section, it will be observed that
this source of fertility is every where abundant, and in the two
lower counties may be said to lie within the grasp of every far-
mer; let it not, therefore, as is too often the case, be disregarded or
undervalued, for its abundance and conveunience, but applied judi-
ciously, frequently, and profusely. Its value rests not on a mere
theoretic assertion, but it has received the test and sauction of
experience, and such experience both in Delaware and else-
where, as may not be contradicted. As it would be a mat-
ter of nicety to discriminate between such varieties as are not
sufficiently decomoposed, and require some preparation prior to
their application, and those which might be directly employed, it
would be better to adopt a general rule relative to the mode of
using it, viz., either to draw it into the barn-yard, or to form a
compost with lime, or with ashes. In either case it will form an
excellent manure, and with lime or ashes a durable one. It is
indeed a fortunate circumstance that this valuable material is dif-
fused in such abundance over the state, and not less gratifying that
it is more widely distributed in Sussex and Kent counties, where
the soil chiefly requires the addition of organic matter to restore
it to its former fertility or even to excel it, and where it is of such
a peculiarly light character as to require the use of precisely such
a substance to render it more compact and tenacious, and more
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capable of repaying the expenditure of time, labor and materials,
liberally bestowed upon it by the hand of industry and enter-
prise.

CHAPTER IL

ARTS OF CONSTRUCTION.

SECTION L

Architecture.

160. Gneiss, §§ 25 to 30, being more abundant than any other
rock in the northern part of the state, and of ready aecess, is
more generally employed in ordinary architecture, not often it is
true in the construction of entire buildings without the assistance
of other materials; but in laying the foundations, its indestructibi-
lity under ordinary circumstances renders it an almost indispen-
sable material. Its regular stratification and the readiness with
which it yields to force applied in the direction of its planes,
together with the varying thickness of its laminze afford great faci-
lities in quarrying, nor are these advantagesappreciably diminish-
ed by the presence of garnets § 27, nor by the quartzose and
felspathic veins, § 29, which render the plane of stratification
somewhat tortuous, for this effect is local, and limited to slight de-
viations, while the general direction of the planes remains the same,
§ 30. The slightly roughened surface of the rock offers another
point of utility, by which it is enabled to hold mortar with greater
firmness. Being softer in texture compared with the felspathean
rocks, it is more readily bored for blasting, and very susceptible
of receiving any required form under the chisel. The advantages
of its employment, therefore, are its abundance and ease of aec-
cess, of blasting, quarrying, and forming, and its firm retention of
mortar. What are itsdisadvantages? The principal one liesin its
destructibility, as shown § 25, but even this disappears upon
closer inspection, for in the cases alluded to, it has been exposed
to decomposing influences for an incalculable length of time, in-



e ———

168 ECONOMICAL GEOLOGY.

finitely beyond that which can possibly be required for any archi-
tectural purposes, § 25; and farther, although there are places in
which it has lain imbedded in walls for more than 100 years, it
still presents no evidence of decay. That constituent most sub-
Jject to decay is evidently the felspar which forms kaolin or china-
clay, where it is sufficiently abundant, and undoubtedly assists in
imparting richness to the soil. We have sufficient evidence of the
great durability of mica from its diffusion in the soil, while other
ingredients of rocks disappear, and from its constituting a part of
secondary formations, but there are circumstances under which
even this snbstance is subject to change, for the Danish chemist
Forchammer has observed that if particles of mica be suspended
in water, and sulphuretted hydrogen passed through the liquid,
the mineral then becomes soluble in acids. On the other hand a
highly micaceons gneiss is so little affected by fire, that it is often
employed in the construction of furnaces. Considering then the
circumstances under which gneiss is applied in architecture, it
must be viewed as a very convenient, substantial, and therefore
highly valuable species of rock. All its varieties however, are
not equally good, for in some of them the felspar has already un-
dergone a partial decomposition and become soft and friable,
§ 25, an observation that applies more particularly to the surface
of the formation. Hence in searching for a good material for
building, it will be advisable in nearly every instance to remove
the surface, perhaps several feet in depth, before obtaining the
rock in its undecomposed state, in which condition alone it should
be employed in fine and ordinary architecture. It isnot probable
that rough or dressed blocks of this rock can ever constitute an
article of export {rom Delaware, since the river is bordered by
the blue rock, but altered gneiss, or the felspathic rocks which
will be presently noticed, may hereafter constitute a source of
revenue to the state.

§ 161. The situation of the felspathic rocks, § 31-37,0n or
near navigable waters, leads us naturally to inquire how far they
may admit of application to the arts of construction. Both the
fine and coarse-grained varieties possess hardness and toughness,
which are important characters for the purposes designated, but
at the same time may often prove a draw-back on their utility
from the increased difficulty of quarrying and dressing them.
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There is, however, a difference between them, for the coarse-
grained, containing a large proportion of felspar, and relatively
less quartz is softer and more yielding to steel, and hence one
chief reason why it has been extensively employed for railroads,
and is now being used for supports in the lower stories of large
stores in Philadelphia. Its employment in the latter instance
shows also that, notwithstanding its hardness, it may be chiseled
and sculptured into ornamental forms. It possesses another ad-
vantage in being destitute of lamination, for which reason it
may be split by wedging in any direction. This method of split-
ting consists in drilling holes in any given line, straight or curved,
filling them with wooden wedges, and forcing iron wedges into
the wood, until the block is severed from the mass. The fine-
grained variely containing miore quartz, is harder and more diffi- -
cult of drilling, and although often laminated, is so compact that
it may be split at any required angle to the lamine. The cause
of that remarkable tendeney to disintegration in certain parts of
the coarse-grained rock must be left unexplained, but the fact
does not interfere in the least with its general character nor with
its value, for such ‘parts are easily known, and are very small re-
latively to the mass of the formation.

§ 162. Much of the blue rock of Delaware has been employed
in the construction of a great national work, the Break-water at
the mouth of Delaware bay, and a question of no easy solution
offered 1tself some years since, in regard to the relative values of
gneiss and blue rock for this work. The importance of the un-
dertaking considered in a national light, should certainly banish
all attempts at state or local feelings or influences. The opinions
of the anthor on the subject were embraced in part in a report of
the Franklin Institute, nor hasa closer observation since that period
changed his views. As the question stood, * which rock was better
adapted to the purpose,’ the answer was clearly pointed out in the
superior gravity, hardness and toughuness of the blue rock, which
were conceived to be important characters. But it wasurged that
this rock was liable to decomposition, which is shown to be true
of the coarse-grained variety in only a few instances observed at
the quarry, § 34, and as may be seen at the Break-water. The
gueiss could, however, be obtained at a lower rate, from the
greater ease with which it is wrought, and this circumstance was
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evidently greatly in its favor, where enormous guantities of stone
have been, and will still be employed. There was another view
which was adopted by the writer contrary to the opinions of those
who favored the blue rock, that although that formation was
superior to gneiss in point of hardness, toughness and gravity,
yet that the latter can be, and is quarried out, possessing those
characters to a sufficient extent to justify its employment. He
deems it his duty to present this concise statement of views, since
his appointment to the survey of Delaware, necessarily called for
an expression of his opinions, and before leaving the subject, he
would point out the necessity of a strict inspection of the mate-
rials employed at the Breakwater, from whatever sources they
may be derived, as inferior qualities of stone may be obtained at

-the quarries of blue rock in Delaware, as well as those of gueiss
in Pennsylvania.

§ 163. The blue rock has been wrought for many years on the
shores of the Delaware, and from its well ascertained characters,
the unlimited supply which the formation can afford, and its prox-
imity to tide water, it is highly probable that its consumption will
coutinue to increase. . If durable monuments be required in com-
memoration of events or individuals, this rock is well adapted to
the purpose, while its color would equally suit the heavy gothic
arch, or the panderons Egyptian pile. It is not, however, con-
fined to the shores of the river, for we find it holding a firm situ-
ation several miles up the Brandywine, and appearing at distant
intervals in the midst of the gneiss, which it usually assimilates
more or less to itself. This altered gneiss is better developed on
the Brandywine near Gilpin’s mills, § 36, and displays a light
gray rock of a texture, hardness and toughness, intermediate be-
tween gneiss and the felspathic rocks, from which, and from its
cleavage in the planes of stratification, it deserves a high rank
among the formations of the northern part of the state. The
extension of quarries in the blue rock, consequent upon a pre-
sumed increasing demand, will in all probability discover new
varieties, which may even possess advantages superior to those
described, by combining all the desiderata of materials for archi-
tecture.

§ 164. Limestone has ever been regarded as a valuable build-
ing material, and as it occurs presenting a variety of colors and
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of other external characters, is justly viewed as one of great
beauty. In Delaware we have chiefly the white and gray, both
of a crystalline structure, and in the lower part of Jeanes’ quarry
beyond the influence of atmospheric agents, it is massive and
heavy bedded, and may be obtained in blocks of large dimen-
sions, § 39: as the formation is limited, § 39-41, there is no pro-
bability that it will ever be extensively employed in architecture,
particularly where the gneiss and blue rock are so abundant and
easy of access. Serpentine has been employed with success in
builling,as witnessed by specimens in, and near Westchester, Pa.,
and its shade of green unquestionably produces a novel and pleas-
ing eflect. It may be similarly applied in Delaware, but its small
extent § 42-43, limits its utility. Although detached granitic
veins are frequent, yet they are too small to admit of their appli-
cation to architecture.

§ 165. The upper hundreds of New Castle county abounding
in rock formations, may be conveniently distinguished from the
remainder of the state by the appellation of the rocky region. It
is not, however, exclusively so; for there are two other
instances of rock formations among the sands and clays farther
south. One of these noticed, § 61, may even now receive a par-
tial application in building, and may be more extensively used
when heavier beds of it are discovered. The other described in
§ 88, is a valuable material as far as regards its durability, hard-
ness and toughness, but like the preceding requires extent to per-
mit its classification with useful building stone. The large
number of small ferruginous springs throughout the lower part of
the state, and the abundance of oxide of iron in the sandy strata,
are the frequent cause of the partial induration of the formations,
as exhibited in numberless ferruginous crusts, or iron-stone, in
which sand and pebbles are cemented by oxide of iron, but they
are too unimportant to require more than a passing notice. Be-
side these formations lying in their natural beds, there are nume-
rous boulders, or erratic blocks sparsely strewed over the surface,
derived from the more northern rocky regions, and transported to
their present isolated situations by currents of water, when the
whole surface of the land was at a relatively lower level than it
is at the present period of time.

§ 166. It might appear a useless proposition to offer clay as a
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material adapted to architecture, were it not that it has met with
successful application in other countries, and received the stamp
of success from the lapse of centuries. In Germany and other
parts of Europe it has long been a custom among the less wealthy
classes of society to employ clay largely in filling up the interstices
of the frame work of their houses, which had been latticed by
rough brushwood, and branches of trees, and it is worthy of ob-
servation that when the weather surface is properly washed with
lime, it becomes so hard in process of time as to resist atmosphe-
ric agents, and even tends to preserve the wood-work of the
building. In some of the departments of France, and in parts of
South America they construct dwellings wholly of clay which
becomes sufficiently hardened to stand alone as a durable wall.
Dr. R. M. Bird first suggested to the author the practicability of
making such constructions in Delaware, and although it appeared
al the first view impracticable, yet a more mature consideration
of the mode of operating with the clay, and the evidence offered
by its employment abroad, led to the conclusion that it is deserv-
ing of especial notice among the materials used in the arts of con-
struction. It is applied in a state approaching to dryness, the
blocks of clay being rammed tightly into a form of wood which
is raised in proportion as the wall advances in height. The con-
veniences of siuch a construction in Delaware arise from the
abundance, diffusion, and qualities of the clay-deposites from
the northern to the southern limit of the state, while its gene-

‘ral advantages lie in the simplicity of the means by which any

given design may be accomplished, and consequent economy
of the operation. A coating of lime on the exterior is suffi-
cient to protect it against the destructive influences of rain,
frost, and heat, and appears to act chemically by eombining
with the constituents of the clay, and forming a hard mineral
compound. Dr. Bird ascertained during the coarse of numerous
experiments, that ordinary linseed oil mingled with a small gnan-
tity of drying oil, and applied by a brush, formed a superior
coating for clay-walls rendering the surface harder and more
compact, capable of withstanding atmospheric agents, and adapt-
ing it to the reception of ordinary pigments. A building well con-
structed after this method might vie with the proudest mansions
in the beauty and durability of its architecture,
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SECTION II.

Construction of Roads.

§ 167. While the citizens of the United States are intently
pursting a course of public improvements in the construction of
railroads and canals, they have been misled by their advantages
in suitable locations to neglect the improvement of ordinary roads.
Where the former are intended to bring distant places into a closer
proximity, or to render the ineans of conveying large amounts of
natural or artificial productions more convenient, expeditious and
economical, our ecommon roads, designed as the medium of inter-
course for comparatively short distances and of conveying smaller
bulks of products, are equally deserving of ourattention. Although
the increasing wealth and popnlousness of Britain originated those
excellent roads which cover the United Kingdom like a net-work,
their number and excellence undoubtedly reacted by developing
and diffusing the resources of the interior, and consequently by
raising its wealth to a still more elevated point. Like causes
must produce like effects in a nation derived from and similarly
constituted to Britain; for which reason more care shonld be
exercised in the improvement of our common roads. It is not
presumed that every unimportant road should be converted into
a turnpike, for the absence of a dense population forbids it, but
the principal thoroughfares can and should be bettered by the
application of such materials to them, as are found in their vicinity.
Roads which are in constant use shonld receive a covering of a
hard and durable material, such as broken stone and gravel, but
those less frequented may be amended by the less expensive
application of clay, sand or loam, according to the nature of the
substratum or soil.

§ 168. The macadamized road is unquestionably that form
which combines the greatest number of advantages, examples of
which are the five turnpikes leading from Wilmington. But these
are far from being good specimens of this kind of road, for the
principles of their construction have not been adhered to, the
principal objection to them being the large size of the pieces of
stone, which will ever prevent the attainment of an even surface;



R e e e S gt e e,

-

e e ———— = ——

e —— —— A .

174 ECONOMICAL GEOLOGY.

another is the practice of covering the stone over with a layer of
earth. Stone-pikes are sometimes carefully and properly con-
structed at first, but when they become rut-worn are often repaired
by throwing heedlessly on them mingled earth and stone, dug at
the side of the road or at the nearest possible point for convenience.
The national road is a well-constructed macadamized road, in
many places of perfectly even surface, but instances have been
seen where, to obviate the destructive effects of a heavy rain,
earth and stones of large size have been thrown on it, which
rendered it about equal to a common turnpike road. There is an
abundance of stone in the upper part of New Castle county of
superior quality, possessing the desirable properties of extreme
hardness and toughness, and breaking into sharp angular frag-
ments. The best rock for the purpose is the blue rock of every
variety; the hard gneiss, althongh a good material, being rather
inferior to it. An objection urged to felspathic rocks is the greater
difficulty and expense of breaking them, but the coarse-grained
formation at Quarryville offers a material admirably adapted to
roads, as it decomposes in some portions, § 34, crumbling into
small angular pieces, which will become compacted and solid.
The same kind of road may be constructed nearly as far south as
the upper part of Kent county by employing erratic blocks and
pebbles, which when fractured aflford a superior and very durable
material. Nearly all the fine roads in the northern part of Prus-
sia, within fifty miles of the Baltic, are thus constructed, on a
level country not unlike the two lower counties of Delaware.

§ 169. Instances of gravel roads are met with in the central
parts of New Castle county, which are nearly equal in value to
those constructed of broken stone, exhibiting an inferiority only
in long-continued wet weather or during the thawing of the win-
ter’s frosts. Their superiority to ordinary roads should point out
the propriety of transporting gravel to the latter, for although the
expense of their construction may be greater at the first, yet their
greater durability reduces the actual outlay nearly to the same
amount. Gravel is found abundantly in the upper and middle
sections of New Castle county, §§ 46, 50, 51, 52, in sufficient
quantity in the lower part of the same, §§ 55, 56, 67, 69, 80, and
in Kent, §§ 82, 84, and exists in several places in Sussex, § 89.
Some attention should be paid to the character of the substratum,
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for if it be a light sand, the gravel will not produce a material
improvement, while on clay or better on an argillaceous sand, it
will become compact and durable. The remarks just made, §§
167, 168, refer more particularly to the leading thoroughfares of
the state, which should evidently be rendered more suitable for
transportation and travel through as much of the year as is prac-
ticable. The advantages of such improvements would not merely
affect the inhabitants of that particular section where they are
made, but a large portion of the state.

§ 170. The local advantages derivable from the improvement
of less frequented and smaller roads might be shown to be fully
commensurate with the outlay which they ought to receive; nor
will the expenses attending it be much greater than at present.
The principle on which this improvement depends is founded on
a change of the soil; when it is clay, sand should be added to it;
when sandy, clay should be added, in order to attain a mixture
of the two in which sand should predominate. Now by the
usual method of digging down or ploughing up the side of the
road and throwing the earth on the centre the same kind of soil
is added, and a sandy road only benefitted for a short time by the
little clay which fresh soil contains, whereas if a little more ex-
pense were devoted to searching for clay or sand, in proportion
as either is required, and applying it, a good medium will be
attained, which after short use, will become hard and compact.
A light sandy road is very good in the winter season, and mode-
rately good after rain, which renders it more compact, but at other
times it is very objectionable;—a clayey road is worn into deep
ruts during the winter, which becoming frozen, renders it exceed-
ingly uneven, while after heavy rains and when not frozen in
winter it is almost impassable. A suitably mingled sand and clay
is in better condition during the summer than sand and during
the winter than a road composed of clay alone; is not as easily
rutted by rains and becomes sooner smooth after rain. In short,
it is superior either to sand or clay by being useful through a
much larger portion of the year. Where gravel can be obtained
it ought to be employed in preference to sand. It is a fortunate
circumstance in the deposition of the various strata, that both
sand and clay accompany each other throughout the state and
are accessible in almost every place where a road is located; nor
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ought their application to be limited to ordinary roads, for they
may be employed for improving the principal thoroughfares in
the lower part of the state, in the absence of more valuable ma-
terials, stone and gravel,

CHAPTER III

CHEMICAL ARXRTS.

SECTION 1.

Manvfacture of Pottery and Glass.

§ 171. The manufactures of pottery and glass, and particularly
the former, are deserving our attention, since allusion has been
made in the preceding pages to frequent localities of materials
which are employed in them. The simplest, but not the least impor-
tantof these is the making of brick; the simplest, because it requires
very little previous preparation of the materials, and is not attend-
ed by diflicult processes in the progress of the manufacture; and
important, because it obviates the necessity of drawing materials
for ordinary and finer architecture from abroad. Happy is it
therefore for the state that it possesses an abundant supply of
these materials so extensively diffused, that a small district ean
scarcely be found destitute of them, and so conveniently situated,
that a building may often be erected over the same spot from
which was derived the substance employed in its construction.
The substances used in making brick are clay and sand, mingled
in due proportion. A very fat clay will not answer the purpose
alone, as the contraction of the clay in drying produces fissures,
nor will one containing a large proportion of sand, for in this
case the brick is too soft and crumbling, A due proportion of
sand and clay is therefore essential, which is best attained, where
practicable, by mingling together fat and poor clays, or white and
lead colored with yellowish and loamy clays. The former may
or may not contain sand, the latter always fine sand, while their
yellowish color is derived from oxide of iron. The presence of
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the last named substance is essential, as it acts by cementing the
clay and sand or alumina and silica. Hence the white clay, con-
taining but little oxide of iron, can never form a strong brick,
while the yellow alone containing too much ferruginous matter,
is apt to enter into semi-fusion and become glazed. These effects
can be ascertained practically by the ring of a brick; for if it
produces very little sound on being struck, it is either not burned
sufficiently or there is too little iron in its composition; if it pro-
duces a very sharp and guick tone, it is burned too much or there
is an excess of oxide of iron in the clay. It follows from what
has been said that the excess or deficiency of iron may be reme-
died by adding more white or yellow clay. Where the two clays
are not found in juxtaposition or conveniently near together, if
we have white or lead colored, a yellow loam is added; if a yel-
low clay alone, we add sand and use a less intense heat in the

kiln. It is frequently advisable to try the mixtures on a small’

scale, preparatory to burning a kiln, on a smith’s hearth or other
convenient place, for even those skilled in the art cannot always
Judge of the fitness of a clay by its external characters. Of the
geological formations many have been and are employed in this
manufacture; the red clay of New Castle county, §§ 47, 52, and
the yellow clay of Appoquinimink hundred, §§ 80, 81, the inter-
mediate clays of Kent, §§ 87, 88, the lower clays of Sussex, §§
89, 94, as at Causey’s, § 89, and Parker’s, § 90, the more recent
argillaceous deposites near tide-water throughout the state, the
clay of the ridge, as at Georgetown in Sussex, and numerous
local clayey beds or loams scattered through the three counties.
In all of these localities bricks are made of sufficiently good pro-
perties, in many of them of superior quality. The greatest diffi-
culty in this manufacture is obtaining a good moulding sand, no
localities of which have been found, excepting perhaps the stratum
mentioned, § 85, which is probably too coarse for a fine quality
of brick.

§ 172. There are deposites of clay in many parts of the state
affording a sufficiently fine material for the manufacture of earthen
ware, stone-ware, and even fine pottery or English ware. For
the former, several of those deposites now employed in the mak-
ing of brick would be well adapted, if other purer clays were
mingled with them; and indeed they may be employed alone,

23 -
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if previously and carefully subjected to the process of washing
over, by which the coarser and finer portions are separated from
each other, and the latter alone employed. As it is believed that
this manufacture may be prosecuted in many parts of the state,
the method of preparing clay for the purpose should be described.
If clay be stirred up in water, and allowed to settle for a few mo-
ments, the gravel, sand and coarser matter will subside, and if
the muddy liquid be poured off, the finest parts will finally settle
down and may be obtained by pouring off the clear water, and
partially drying the remainder. Carrying out the same opera-
tion on a large scale, we obtain a fine clay adapted to earthen
ware. By the old b/unging process the clay was broken by
picks, and worked up with water in a pit or tank by hand-pad-
dles, suffered to settle, and run off through sieves into the drying
tank. A far better, but somewhat more expensive method is the
following. A cast iron cylinder of three feet diameter, more or
less, with wrought iron spokes attached to the interior sides at
different distances, and projecting one-third towards the centre is
placed in a horizontal position; a shaft passes through the cylin-
der with similar spokes attached to it in such a position that when
it revolves they will not interfere with those attached to the eylin-
der; the lower half of each end of the cylinder is closed by iron
plates, cast at the same time. Clay is introduced at one end of
the cylinder through the open upper half, and the shaft turned
while the stream of water enters at the same opening. The clay
and water are thus thoroughly mixed, and pass out of the open-
ing at the other end of the eylinder, which is slightly inclined,
into the first trough, in the centre of which is a deep and narrow
wooden vessel, to receive the gravel and coarse sand. The muddy
fluid still passes on to a sieve, through which it empties itself into
a second trough—it passes through a second, and sometimes a
third sieve, each one being finer than the preceding, into the slip-
reservoir. When the water becomes clear in the slip tank, it is
drawn off by opening pegs on one side, and the slip collected for
use. The same operation is equally well adapted to stone as to
earthen ware. For the finer pottery, (queen’s ware &ec.,) the
operation of blunging is best performed by throwing fine clay into
a vertical cylinder or cone having knives attached to its inner sur-
face and at right angles to it.  An upright shaft has knives at-

.
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tached to it in such a manner that their edges pass close to those
of the cylinder knives, in revolving, and cut or slice the clay be-
tween them, while by their blades lying in a spiral around the
shaft, they force the clay downwards towards the bottom where
it passes out at an opening. It is then put into the large blunger,
where it is mingled with water by a vertical shaft with arms, and
when the vat is full the liquid is allowed to stand for the coarser
matter to subside, and then run off into the slip-reservoir. The
former process for common earthen-ware, is successfully practised
in Germany; the latter in England.—For earthen and stone-
ware, we have resources in the red clay, of New Castle; the
intermediate of Kent and the lower clay of Sussex. For fine
pottery we might have recourse to the white clay on the Dela-
ware below New Castle, and to the same wherever it may be
found in the red clay formation of warrantable extent. Although
this white clay is a source of revenue at present, from its expor-
tation, yet were it to form the basis of finer clay manufactures
within the state to which its quality adapts it, its benefit to indi-
viduals, and to the state would be increased an hundred fold.
The mode of obtaining clay in a very fine state for earthen-ware
has been more minutely described as the process appears prefera-
ble to those ordinarily adopted, and as that manufacture is more
likely to be established than any of the others. But for this and
other parts of the manufacture, reference is made to establish-
ments already in successful operation,.

§ 178. Allied to the manufacture of fine pottery is that of
porcelain or china-ware, one of the most useful and beautiful of
the arts, for the establishment of which materials are presented
by formations within and near the state. The necessary ingre-
dients of porcelain are Kaolin, Quartz, and Felspar, the latter of
which is furnished in abundance, and of good quality by the spar
quarries, § 44-45, and was used by the porcelain manufactory at
Philadelphia, when that valuable establishment was jn successful
operation. The blocks of quartz from the same vein, § 45, were
also employed, and should more be required, a fine quality is
found, and may be obtained in large quantity near Columbia on
the Susquehanna. Although beds of kaolin are frequent in Dela-
ware, yet being too small in extent or too impure, it may be ob-
tained a little beyond the state line near Mill creek hundred,
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which was the source of that employed in the Philadelphia manu-
factory. For making the seggurs in which porcelain is burned,
and which is an important item in this manufacture, we may rely
upon the red clay formation, the white variety and other parts
of which are admirably suited to the purpose. Thus it appears
that all the materials requisite for the manufacture of poreelain lie
within the grasp of the upper part of the state, and should its
establishment be attempted, it will prove a valuable acquisiticn
not merely to Delaware, but to the artificial productions of the
United States.

§ 174. The white clay below the town of New Castle, § 49,
has been exported to various parts of the United States with a
view to itsemployment in the manufacture of glass-pots, or cruci-
bles in which glass is melted. It belongs to that variety of infu-
sible clay, known as plastic or pipe-clay, being infusible in a
powerful heat, merely caking together and becoming hard. Spe-
cimens of it are found nearly equal to the best German pipe-clay
from Gross-almerode in Hessia, although in its general characters
as a deposite, it yields place to the Hessian. Its unusual free-
dom from iron renders it of great value in the manufacture of
glass pots, for where the oxide of that metal is present, it commu-
nicates color to the glass, injures the texture of the pot, and ren-
ders that part liable to fusion; hence where these particles of iron
are found, they are removed at the beds or more carefully at the
glass works. Its freedom from siliceous sand or grit is another
property of importance, as it enables the workmen to give a
smoother surface to the interior of the pots, and gives the latter
greater compactness. This white clay then possesses properties
which adapt it to the manufacture of fine pottery, porcelain, pipes
and crucibles, for the latter of which objects it has been excava-
ted for more than 40 years. There is no reason why it eannot be
equally well employed in the others, nor why the manufacture of
glass may not be established within the state; for although good
beds of a sufficiently pure white sand were not observed during
the survey, they possibly and probably exist in Sussex, and even
if they should not be found, a glass house on tide-water could
draw from the deposite in New Jersey. Enterprise and skill
would certainly render such an attempt successful.

e
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SECTION 1I1.
Minor Chemical rts.

§ 175. Although the manufactures of iron are the most
numerous, varied and important, of all others, yet as we are only
contemplating those which draw upon the natural resources of
the state, and since the comparative paucity of the deposites of
iron-ore in Delaware will ever be a drawback on the extension
of iron manufactories, the nature of this memoir restricts us to a
few words on the subject. The several deposites alluded to in
§9§ 87, 92, 98, 99, have been principally wrought for exportation,
the remainder having been reduced to the metallic state in Dela-
ware either by forges or a blast furnace. The latter yielded a
good metal, at Millshorough in Sussex, but is now out of blast.
The forges are conducted in a very simple and ancient style, by
mingling the ores and charcoal together on an open forge-hearth
and urging the fire by a bellows, and as the fire decreases, by add-
ing more until a sufficient body is obtained to form a bloom,
which is then wrought under the tilt-hammer into bars of the
required dimensions. From the absence of flux, oxide of iron
must supply its place, and hence the loss of a large amount of
iron in the cinders; the quality of the bar iron obtained is never-
theless superior. The quantity of ore raised in the state may be
estimated at 200,000 tons, which have introduced more than half
a million of dollars revenue into Delaware, but had this large
amount been converted into metal within the state, the revenue
would have amounted to several millions for the metal alone, in-
dependently of other arts originating from the employment of iron,
which would in all probability have arisen and been successfully
conducted. As a subject of interest might be mentioned the em-
ployment of green sand as a partial flux for iron ores. Lime-
stone is the flux ordinarily employed, but as the green sand con-
tains potassa, it would be a matter of deep interest to ascertain
how far it may be substituted for lime, while at the same time its
frequently large percentage of iron would assist in an increase of
the metal. 1tis well known that potassa will form a more fluid
glass with silica than lime, and as one object of the iron-smelter

'
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is to obtain a fluid slag through which the melted particles of metal
may readily pass to reunite at the bottom, it is highly probable that
this material might render important assistance in his operations.
The quantity of silica in the green sand is, perhaps, too great,
to admit of its application alone as a fluxing medium, but it may
be united profitably with lime, or in order to employ a single sub-
stance, the calcareous varieties §§ 53-56, and particularly the
cretoidal might be used alone with advantage. It would also be
a matter of some interest to ascertain what quantity of iron could
be obtained from the pure green sand without the assistance of
either ore or fluxing material.

§ 176. Sulphuret of iron occurs in numerous localities in the
state, but in no place of sufficient extent to demand attention, ex-
cepting in that portion of the green sand formation traversed by
the Deep cut; and even there, although masses of the sulphuret of
considerable size are abundantly disseminated through the blue
tenacious sand, §§ 77, 78, yet no one locality has yet been observ-
ed, which might be worked to advantage. By exposure to air
and moisture, we have already seen §§ 73 to 75, and § 78, that
the sulphuret is decomposed and converted into sulphate of iron
or copperas, which sometimes detracts from the value of the green
sand, § 143. A similar method pursued with the masses of sul-
phuret carelessly selected from the clay might be adopted ona large
scale to convert it into copperas, and the indications of the mine-
ral in quantity are such as should induce those residing in the
neighborhood to search for superior localities.

§ 177. Having devoted some attention to the construction of
buildings from sources within the state, a few words should neces-
sarily follow relative to the means of cementing building materials.
More ample and satisfactory information on the subject of mortar
may be attained by referring to a series of French essays, transla-
ted by Col. Totten, U. S. A., which appeared in the Journal of the
Franklin Institute for 1839. The limestone found in the upper part
of the state, yields an excellent mortar, when well burned and
freshly slacked; and with proper care, one bushel of burnt lime will
more than deuble its bulk. Beside the convenient proximity of the
greater part of the state to navigable water, whence lime may be
obtained from abroad, there are sources of the same valuable
material in some of the strata of deposition. Thus, the large
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shells, chiefly Exogyra costata, and Gryphza convexa and vomer
in the cretaceous green sand, § 53, 56,in the indurated marl, § 57,
59, the smaller shells in the shelly greensand, § 60, may be pro-
fitably burned for lime, where stone-lime is not convenient. The
indurated marl falls to pieces after a short exposure to the air,
§ 57, and this and the shelly varieties may be most economically
used by sifting them in the same manner as gravel and sand are
separated by a standing and inclined sieve, and then burning the
coarser portions, which will contain as large a proportion of lime
as many good limestones. Still farther south, advantage should
be taken of (he naturaland artificial accamulation of shells which
are often found of sufficient extent to justify their being collected
for burning, and may be separated from the adhering earth in the
manner just described, § 138, 139, 140. In the construction and
burning of field-kilns, which are ordinarily employed for shell-
lime, no important improvement can be suggested, except it be
the plentiful use of wood, in order that the shells may be tho-
roughly burned, for otherwise the lime will be of inferior qua-
lity. Even if it is intended for liming land, it should be brought
to the finest possible powder, for reasons stated, § 135, which can
only be done by a thorough burning and careful slacking. This
caution is the more necessary, as some individuals are of opinion
that a par-burning is decidedly preferable to one in which the
lime becomes thoroughly pulverised.
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