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PEAT DEPOSITS OF MAINE

By Epsox S. Bastin and Cuaries A. Davis.

PREFACE..

It is the purpose of this report to present an estimate of the ex-
tent and value of the more accessible peat deposits of Maine and
to direct attention to their economic importance as an undeveloped
source of fuel supply and as raw material for various other uses.
The more general portions of the report are based upon an ex-
tended inquiry that.is being conducted by the United States Geo-
logical Survey into the peat deposits of the United States.

The field studies of the Maine bogs were made principally by
E. S. Bastin, of the United States Geological Survey, the expenses
being shared equally by the Federal Survey and the Maine State
Survey Commission. Iield work extended over a period of about
one and a half months in the summer of 1906. Because of the brief
time available for the work and the undeveloped state of most of
the deposits, it was considered best to investigate only those bogs
whose character or situation was most favorable for future com-
mercial development, especial attention being paid to bogs near the
larger cities and convenient to transportation lines. The general
floral characters of the bogs were noted, but the field work was di-
rected principally to determining the approximate size of the bogs,
the depths of peat in their different portions, and its general physical
characters. Field examinations of a few of the Maine bogs were
made by C. A. Davis during the summers of 1907 and 1908, princi-
pally for the purpose of determining what plants had been most
active in the formation of the fresh-water and salt-water peats.

The locality descriptions and the summary for the State are by
Mr. Bastin. The sections on the origin and uses of peat were pre-
pared by Professor Davis and all determinations of fuel values were
made under the auspices of the United States Geological Survey, as
a part of more general investigations of the fuels of the United

States. '
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8 PEAT DEPOSITS OF MAINE.

Acknowledgments are due to Dr. Dana W. Fellows, of the Port-
land Society of Natural History, for the determination of most of
the species of living plants collected from the Maine bogs, and to
Dr. P. L. Ricker, of the United States Department of Agriculture,
for the determination of some others. Mr. Edward B. Chamberlain,
of New York City, kindly identified a number of the mosses collected.

FUEL IN NEW ENGLAND.

In the days of the early settlement of the New England States the
country was heavily covered by forests, and wood for fuel and
other purposes was abundant and cheap; it was used lavishly and as
if it were drawn from an inexhaustible supply, as it was often said
to be. . '

No natural resource, however, is actually inexhaustible, and as the
country became more thickly populated the forests gave place to
farms, and new and increasing demands arose for wood of all sorts.
With the depletion of the supply it became an expensive fuel even
with improved forms of heating appliances, and except in remote
regions it was replaced to a large degree by coal, a substance of
higher fuel value, which, because of its greater compactness, was more
easily transported from the regions where it was mined to the points
where it was needed for consumption. The limited supplies, and more
especially the limited areas of production of coal, and the necessity
of long hauls by rail to the consumers, have led of late to a steady
advancement in prices. The coal trade has become so carefully organ-
ized that competition has become practically eliminated, but at the
same time the increasing demand for fuel for industrial purposes
indicates that present prices are unlikely to be lowered, even if com-
petition among producers is again restored by legislation.

The problem of cheaper fuel, ever before the manufacturer and the
householder, became even more prominent than usual during the
strike of the coal miners of the anthracite region in the winter of
1902-3, when the whole country was brought face to face with the
fact that it was almost entirely dependent on these miners and their
employers for a great part of its fuel supply. At that time attention
was called by various writers familiar with conditions in the countries
of northern Europe to the fact that those countries, possessing a more
severe climate than ours, were using great quantities of peat for-fuel,
and that peat was known to be very abundant in the northern part of
the United States but, except in rare instances and in the crudest way,
had never been prepared for use. Public interest was at once aroused,
and during the next few months many experimental and speculative
plants were established to convert peat into fuel. Unfortunately
many of these attempts were financially unsuccessful, and as the
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strike was soon over and coal was again to be had at reasonable prices,
and very little peat fuel was put on the market at any price, interest
in peat waned, so that at the present time the public is apparently
almost indifferent to it. In the few places where it can be purchased,
however, it finds a ready sale and is thoroughly satisfactory for all.
domestic uses.

NATURE OF¥ PEAT. -

Peat is vegetable matter in a partly decomposed and more or less
disintegrated condition; it is.the dark-colored or nearly black soil
found in bogs and swamps, commonly known as muck, although tech-
nically a distinction is usually made between peat and muck, the latter
name being restricted to those forms of swamp deposits which are im-
pure and contain too much mineral matter to burn freely. When dry,
peat may be very fibrous and light-colored, or compact and structure-
less and dark brown or black. It is usually somewhat lighter in color
when dry than when freshly dug. In the wet condition it contains, as
a rule, from 80 to 90 per cent or more of water.

GENERAL CONDITIONS OF PEAT FORMATION.

Except in very moist and foggy climates, peat is formed only in wet
places, either where the ground is saturated -with- water most of the
time, or where it is permanently covered by it, as in ponds and wet
~ swamps. Such situations furnish the two natural conditions most es-
sential to peat formation—(1) restricted access of air and (2) abun-
dance of water. Restricted access of air impedes the growth of decay-
producing organisms that flourish only with an ample air supply.
Abundance of water is essential to profuse plant growth, but, as-
shown below, too much is detrimental or even prohibitive.

CONDITIONS FAVORING PLANT DECAY.

Plant decay is accomplished largely through the agency of fungi
and air-requiring bacteria, which enter into and break down the tis-
sues, the process of decay involving a decrease in bulk, a darkening in
color, the liberation of certain gaseous constituents, and many complex
chemical changes. Both moisture and air are essential to this process.
That moisture is required in the decay of vegetable matter is shown
by the durability and freedom from decay of the wooden structures
and utensils in every-day use; it is only when these are exposed to
moisture for the greater part of the time that the wood rots through
the activities of the rot-producing types of plants. That free access
of air is essential to plant decay is demonstrated by the peat bogs
themselves, in many of which occur accumulations 20 or 30 feet deep
of only partly decayed plant remains. In ordinary moist woodlands,
on the contrary, where there is an abundance of both moisture and air,
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the accumulating plant remains soon decay, even wood quickly losing
its structure and becoming a part of the soil.

CONDITIONS OF GRO'\VTH OF. PEAT-FORMING PLANTS.
GENERAL OUTLINE,

From the above statements it is apparent that the role of water in
peat formation is primarily that of a preservative of the vegetable
matter, which, because of its protection, is able to form accumulations
of very considerable thickness, and which continues to accumulate as
long as the water covers it sufficiently to exclude the air to the neces-
sary degree. It would seem at first thought, therefore, that extensive
beds of peat would form in very deep water in lakes and ponds. Here,
however, another factor must be taken into account, namely, the con-
ditions of growth of the plants from which peat is formed. This is a
complicated matter, involving consideration of the many relationships
of plants to their environment and to each other. The most important
principles involved are the following: All plants capable of sustain-
ing themselves without the intervention of others—that is, living
neither on other growing plants nor on the dead remains of other
plants—require light, air, moisture, heat, and certain kinds of gaseous
and dissolved mineral matter, as food. The requirements of each
plant type for some or all of these essentials are different, but every
green plant, from the lowest to the highest, must have all of them in
some degree. On the other hand, too much of certain minerals, of
water, air, light, or heat, acts injuriously on or entirely prevents the
growth of many species. For each one there is a definite combination
of conditions which favors its growth, and any wide departure from
this combination will be prohibitive.

As an abundance of water is an essential to peat formation, and
as peat is formed generally by the remains of plants which have died
where they grew, it is of first importance in a consideration of the
methods of peat accumulation to learn the kinds of plants which
require or will tolerate an excess of water, either in the soil in which
they grow or entirely surrounding them. As has already been
pointed out, peat may form either in open lakes or ponds or in damp
depressions or flat areas where no standing water exists. The plant
types concerned in peat formation under these two sets of conditions
are in the main different and will be separately discussed.

PLANTS CONCERNED IN FORMATION OF PEAT IN LAKES AND PONDS.

Among the lower orders of plants (those which propagate by means
of spores instead of seeds) the algee, certain mosses, and a few other
scattered types grow entirely submerged in the water, either floating
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near or at the surface or attached to the bottom in relatively shallow
water. These plants may become important peat producers.

In the fresh-water alge the plant body 1s without differentiation
into root, stem, and leaves, but consists of one or more cells, which
perform the functions of all these organs. The most common and
casily recognized of these plants are the bright-green “ pond scums ”
which are so often found floating on still water during the summer.
Many species of these plants are so minute as to be nearly or quite
invisible to the unaided eye, but they sometimes occur in such num-
bers, especially in northern and mountain lakes, as to give a distinct
green color to the water and by their death and partial decay to form
very considerable deposits of soft structureless peat; they may also
constitute an important part of peat formed in lakes and ponds where
remains of the larger and more complex seed plants are also abundant
and mask the algal material by their coarser structures.

Mud Lake, near Pushaw Lake (see fig. 13), north of Bangor, 1s
such a body of water, and when visited by the writers its waters were
teeming with some species of minute green floating plant organisms,
too small to be easily distinguished by the naked eye but readily made
out with a hand lens, and giving the water, if seen in the proper light,
a distinct greenish tint. In the bottom of this lake and below the
turf about its borders was a considerable deposit of yellowish, fine-
grained structureless peat, which on examination proved to be made
up of the remains of similar minute alge. In northern Michigan
there are several lakes that are nearly filled by the remains of such
minute plants. In these lakes are forming beds of soft, light-colored
peat, which differs so much from ordinary peat as to be easily distin-
guished by its fineness of grain and peculiarly soft, cheesy consistency.
The importance of the mosses in peat formation will be discussed
later.

The seed plants, or ﬁowerlng plants, as they are often called, are
much more complicated in structure than the algwe” and are corrve-
spondingly more exacting in their requirements. With few excep-
tions they grow attached to the soil by their roots, a fact that imposes
limitations of various sorts upon them in respect to the kinds of
places in which they may grow. Because of these limitations most
seed plants inhabit the land exclusively, only a few of them being
able to live in water. There are, however, two well-marked groups
of aquatic seed plants— (1) those which live wholly submerged, except
for their flowers, which are usually sent to the surface, and (2) those
a part or all of whose leaves reach the surface and either float upon
it or rise above it. As they are attached to the bottom by their roots,
each of these types is limited as to the depth of water in which it can
grow by the distance to which sufficient light and heat can penetrate
to enable the young plants to develop from the seed or by other means
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of propagation. The exact depth at which this is possible varies
according to the clearness of the water, but rarely exceeds 15 to 18
feet, and very few species can establish themselves at such depths.
As the shore is approached the number of individuals and species
increases, and as each species has its restrictions as to the depth of
water in which it will grow it is apparent that where the slope and
character of the bottom are uniform the plants will arrange them-
selves around the depression in rings or zones the width of which will:
depend primarily on the angle of slope of the bottom.

The plants establishing themselves in deepest water have long, thin
leaves which are entirely submerged; in slightly shallower water
grow plants like the pond lilies, whose leaves rise to the surface and
float upon it. These plants, because their leaves cut off the light
below them to a considerable extent, monopolize the space which they
occupy and prevent the plants with submerged leaves from domi-
nating, and thus form a well-marked zone, to which they give char-
acter. The pond lilies grow well in rather shallow water, but not in
shade, so that on the shoreward side they are limited to a certain
degree by the depth at which those plants can grow whose stems and
leaves rise above the surface of the water and can exert a shading in-
fluence: The bulrushes and some water-loving sedges and grasses,
with other types, like the pickerel weed, are e\amples of such shade-
producing plants that commonly 1nvmde shallow water along the
margins of ponds and lakes. The lake bulrush, the plant of this type
most tolerant of water, may grow in water 5 feet deep, or slightly
more, and the shading of the pond lilies may begin where the water
is of this depth. Thence shoreward the light is cut off from above
by a constantly increasing number of plants, which crowd into the
shallows and may completely occupy the bottom with strong, wide-
spreading underground stems and numerous roots that gradually
form a dense, thick mat, or turf. Finally this turf may become so
strong as to build out a floating platform from the firmer bottom
and gradually cover the entire open water. Each individual of the
groups of aquatic seed plants described above contributes something
to the accumulation beneath the water, and each also becomes loaded
with algse and with floating matter brought to it by currents and
waves. At the end of its cycle of growth these qccretlons sink with
its remains to the bottom.

In time, by the aggregation of dead plants, the bottom where these
forms have established themselves is built up, thus enabling the shore-
ward forms to move farther out and crowd lakeward the aquatic
plants that were previously in possession of the space. In the latter
stages of this plant invasion appear the turf-forming sedges, which
cover the material formed by the growth and decay of the other
aquatic types, adding to it their own remains as generation after gen-
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eration develops and dies, until, the process having been repeated
again and again, the pond becomes a marsh, the water being entirely
filled or covered by the peaty remains of the plants.

Peat that accumulates in lakes, ponds, or other depressions con-
stantly filled with water is formed, then, by aquatic plants, including
the minute algee, which build-up a deposit from the bottom and
around the sides of the depression, principally within the zone where
the water is less than 15 feet in depth. As the deposit is extended
into the deeper parts of the basin and the bottom is built up suffi-
ciently to pelmlt the growth of aquatic seed plants, these “establish
themselves in zones characterized by (1) ‘the pondweeds, Potamoge-
ton, next to the deepest water; (2) shoreward of this the pond lilies,
both white and yellow, Castalia and Nymphaa; (3) the lake bulrush,
Scirpus; and (4) the amphibious sedges, Carex, Eleocharis, etc., but
especially the turf-forming slender sedge, Carez filiformis, or species
of similar habits. It must be pointed out, however, that any or all of
the zones of these aquatic plants may be absent, for no apparent
reason, from the whole or parts of lakes where they might be ex-
pected to occur, and that but few ponds in a given locality or region
will show exactly the same species or the same abundance of indi-
viduals of the types present. Where the plant zones are adequately
represented, however, the relative order is invariable, if the bottom
has a normal slope not interrupted by shallows or deep holes.

The conditions of plant growth where the sedges have formed a
floating mat of turf do not change much until the mat is given sta-
bility and a permanent position with regard to the water level by
grounding or by becoming so thick that it no longer rises and falls
with the water. It is always sufliciently buoyant, however, to prevent
its sinking far, and even when very old and firm, with large trees
growing upon its surface, it is rarely more than 4 or 5 feet thick,
and is sharply differentiated in structure from the remains of the
true aquatic plants below it. In its younger parts the mat is thinner
and less compact, often less than 18 or 20 inches thick, and may have
only clear water beneath it. Upon the surface of this mat, atter it
has become stable, other plants appear, also arranging themselves in
zones according to their ability to endure water about their roots.

“ Among the earliest of these are certain herbaceous plants, which
establish themselves, even while the mat is still floating, upon drift
accumulations at about high-water mark, or on slight elevations due
_to the shove of e\pftndmo ice in winter, forming Jshnds among the
sedge vegetation. ‘The fact that such plants are found only upon
these slight elevations above the general surface of the mat indi-
cates plainly that they are less tolerant of water than the sedges.

‘Following closely the advance of these herbs, which ave chiefly
annuals, and therefore able to establish themselves quickly, certain
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shrubs of the heath and willow families will generally make their
appearance on drier and firmer parts of the mat. The most common
of the pioneer heath plants are the Cuassandra, or leather leaf, An-
dromeda, and Rhodora. By sending out long underground stems,
from which aerial leafy branches rise at short intervals, these shrubs
are able to cover considerable areas quickly with a dense growth.
Other shrubs appear at about the same time, together with the cran-
berries and herbs of a number of species and the so-called “ peat
moss,” Sphagnum. Sphagnum is the coarse grayish-green, reddish,
or whitish moss so common in bogs and swamps; its plants keep
on growing at the top while they die below, and individual plants
may be found which have made a growth of more than a foot before
the lower part of the stem is lost in the disintegrating mass below.
As the sphagnum plants approach the limit to which they can grow
above water level they make very slow growth and appear stunted,
and may finally die or be overgrown by other mosses or by well-
known “ reindeer moss,” a lichen.’

This association of plants, especially the moss, builds up the sur-
face of the deposit rapidly, and by so doing increases the thickness
of the peat. If, however, the water level remains constant, the

-amount of upbuilding is limited to the distance to which the water
will rise through the accumulation and supply the growing plants
at the surface with sufficient moisture.

On considering the effects of the invasion of the shrubs into the

_areas where only the sedges have previously grown, it will at once
be apparent that a factor in plant growth, not previously important
to the plants of the sedge mat, then becomes operative, for the shrubs
reach a greater height than the sedges and other herbs and are thus
able to deprive the latter of so much light that they can no longer
maintain themselves, and gradually die out. The same law operates
when the trees appear, for they grow taller than the shrubs, cast a
heavy shade, and thus destroy many of the shrubs. Not uncommonly,
in the North, the sedges are absent from the margins of the open
water of lakes, and the floating mat is made up of the underground
stems and roots of shrubs, especially Cassandra and Andromeda.
In such places sphagnum is sometimes found growing close up to
the water’s edge, being supported by the unright stems of the shrubs
at a suitable height above the water to enable it to grow. Peat
deposits formed in the above manner in bodies of standing water may
be termed filled-basin deposits, or lake fillings.
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PLANTS CONCERNED IN FORMATION OF PEAT IN MOIST
DEPRESSIONS.

Peat may be formed on moist, flat, or even sloping surfaces, in de-
pressions not occupied by standing water, provided it is possible for
the plant remains to be constantly saturated by water, which is
necessary to preserve the vegetable matter from the decay-producing
organisms. In such areas, however, the plants chiefly concerned
in the formation of the peat are quite different from those which fill
lakes and ponds. Of the groups which have been mentioned, only
those which grow on the wet shore or the sedge mat, or still higher
above the water, ave likely to establish themselves. The plants most
likely to appear first on such a surface are of the rush, grass, or sedge
. type—herbs with long slender stems and leaves and with wide-spread-
ing, tough underground stems and long roots. These very soon
form a turf, which, with the accumulation of dead stems and leaves,
tends to hold back the water of the rainfall and prevent it from drain-
ing away even as freely as it did before, and which at the same time,
by shading the soil and protecting it from winds, permits another
portion of water which otherwise would be evaporated to remain in
the soil or on its surface. The first effect of these causes is to make
the water level rise and remain permanently higher. This, in turn,
reacts upon the plants and kills off those most sensitive to water,
which gives the plants just adapted to the situation a chance to spread
over the whole area. Ultimately such a tract is covered by a growth
made up of a large number of individuals of few kinds, which go on
building up, generation after generation, as long as the water level
Jkeeps pace with the peat accumulation.

Regions of heavy rainfall and humid atmosphere are most favor-
able for the development of peat on flat surfaces; in those parts
of the earth where the rainfall is not large and which are subject
to periods of drought or of hot dry winds, peat never forms on such
surfaces or on sloping areas, except where a continuous supply of
water comes from springs or similar sources.

If the surface of the ground water does not keep pace with the
upward movement of the vegetable deposit, other types of plants, such
as the shrubs and trees, take possession of the area, after which the
peat may be composed to considerable extent of the remains of woody
plants. If at the outset the soil is not too wet, it is even possible for
the initial vegetation to be characterized by woody species, and for
the growth of the peat to be due, in large part, to such plants.

Again, if the combination of soil, water level, and climate are favor-
able, the vegetation from the start may consist of sphagnum moss
and the plants which grow with it, chiefly sedges, shrubs of the heath



16 PEAT DEPOSITS OF MAINE.

family, and certain coniferous trees. In Maine the climatic condi-
tions seem especially suitable to this association of plants, and in the
course of the investigation on which this paper is based a very
considerable percentage of the peat deposits were found to be formed
entirely by the sphagnum-heath group of plants. It.is evident that
no body of standing water existed at such localities, but that the
ground-water level has risen with the growth of the peat. As may
be seen by referring to the description of the individual bogs, some of
the peat formed by such growth was more than 20 feet deep.

It is apparent that where these great accumulations of peat start
on a level surface they could not develop unless the surface were of
wide extent and the drainage exceedingly poor; on the other hand,
the accumulation might begin on the floor of a valley, and as the .
growing plants impeded the outflow of water, the sides of the valley,
as well as the floor, might be invaded by the peat-forming plants.

If for any reason the peat is built up faster than the water level
rises in it the vegetation may change and be replaced by a type
suited to the changed conditions, and such variation will be recorded
by difference in the structure of the peat, as will also a change from
dry to wet conditions. From these statements it may be deduced
that peat deposits of uniform structure will be formed only where
the conditions are such that for long periods the same kinds of
plants have been able to grow from generation to generation.

Peat deposits formed in the manner described above may be
called built-up deposits or moist-depression fillings.

RELATION BETWEEN THE TWO TYPES OF PEAT DEPOSITS.

" There are, then, two types of peat bogs—the filled basin, in which
most of the material has been gathered below a permanent water
level, and the built-up plain, on which the water level may be prac-
tically always below the surface of the peat, but in which it rises,
either steadily or periodically, as the remains of plants collect. The
peat developed in filled basins is uniform in structure below the
original water level, whereas that of the built-up deposits may be
irregularly stratified. As a rule it is not probable that peat will be
formed more than 3 or 4 feet above the top of the zone of saturation
or ground-water level.

Of the two types of deposit, the built-up bogs are the more likely
to furnish peat which will be of fairly uniform character from top
to bottom, but individual bogs of this type may be very shallow; or,
while the peat may be of the same character throughout, it may also
be filled with stumps and logs from the bottom up, because trees may
form an important element of the vegetation from the beginning.
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In filled bogs the upper 3 to 5 feet of the peat is nearly always of
different structure and composition from that below.

When a depression is once filled and the surface of the peat rises
above the water, if climatic conditions are favorable, the accumula-
tion may continue exactly as in a built-up bog; in fact, in Maine and
in other moist regions the composite type is common, the structure
of the peat showing that the deepest part of the bog was laid down
under water, but that after a time, the depression having been filled,
the peat still continued to form on the flat, poorly drained surface
thus developed, as if it had originally been a moist depression.

VARIABLE CHARACTER OF PEAT DEPOSITS.

The evidence gathered from this study of the origin of peat makes
it apparent that the material may be variable in character, not only
in deposits in different parts of the country, but in the same region
and even in the same bog. Closely adjacent bogs may be different
in origin, structure, chemical composition, and other properties.
“Moreover, it is the exception that the beds of one bog are uniform in
these particulars, and as deep deposits are cut through from top to
bottom the material will be normally seen to be different in origin
at different depths.

PRESENT FLORAS OF PEAT BOGS.

From the foregoing discussion of the origin of peat it will be
apparent that the vegetation growing to-day on the surface of a
peat bog gives no certain indication of the types of plants from
which the peat has developed. The correspondence is likely to be
closest,in built-up bogs, but in filled lakes and ponds it is rather the
exception when the growing plants are the same as those which have
formed most of the peat. Stated in other terms, the origin, tex-
ture, quality, and depth of the peat can not be certainly determined
by the kinds of plants now growing on the surface of a peat bog.
In general the heavily forested portions of the bogs are the oldest
parts and the peat in them is usually more thor oucrhly decayed than
that in the more open portions, and thus has a somewhat higher fuel
value. The development of these pon;lons of the bogs, howevel,
entails cutting the timber and removing many roots and fallen
trees. As a rule the only sure method of lea.rning the quality of the
peat is by carefully digging out samples from various depths below
the surface; and before final plans are made for utilizing a deposit
for any special purpose it should be carefully tested by methods
similar to those described on pages 60-61.

T0782—Bull, 376—09——2
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By far the greater number of peat bogs examined in Maine now
possess a typical heath flora consisting principally of several species
of Sphagnum and Hypnum mosses, members of the heath family,
and small black spruces and tamaracks. Of these the mosses are
now the chief peat producers, though the plants of the heath family
are also important.

Among the mosses Sphagnum is by far the most abundant, though
several species of Hypnum also occur, and in many of the bogs,
especially those which have been burned over, Polytrichum com-
mune L. is abundant. In the northern part of the Great Sidney bog
the last-named species is the only moss present in any abundance.

The most abundant plants of the heath family on the moss bogs
are the small cranberry (Vaccindum oxycoccns I., n. n. Oxycoccus
ozycoccus (1..) MacM.), the large cranberry (V. macrocarpon Ait.,
n. n. Qaycoceus macrocarpus (Ait.) Pers.), the sheep laurel (K almia
angustifolic 1..), the Labrador tea (Ledum latifolium Ait., n. n. L.
granlandicum (Bder.), Rhodore canadensis L., and the leather leaf
(Cassandra calyculata Don., n. n. Chamwdaphne calyculata (IL..)
Moeench.). Plants of this family present on only a few of the heaths
are Andromeda polifolia L., the creeping wintergreen (Gaultheria
procumbens 1..), and E'mpetrum nigrum L. The last was observed
only on a few bogs in Washington County, growing abundantly
among the moss plants in certain parts of the bogs.

The lichen Cladonic rangiferine is abundant among the moss plants
on many of the heaths, and is an import‘mt agent of plant decay.
The pitcher plant (Sarracenia purpurea 1..) is another 1nh‘1b1tant of
nearly all the moss heaths.

Grasses and sedges are moderately abundant on most of the heaths.
A grass belonging to the genus Poa is abundant in scattered tufts
6 inches to a foot across on the Great Sidney and many other bogs.
The grasslike 7r7iglochin maritima L. and the sedge Rhynchospora
alba Vahl. are about equally abundant on the Vassqlboro bog. The
cotton grass (Kriophorum wirginicum 1.) occurs in scattered tufts
on many of the heaths.

The commonest bog trees are the black spruce (Picea nigra Link)
and the American larch or tamarack (Larix americana Michx.).
These are in general about equally abundant. Their profusion on
individual bov‘s varies greatly, some heaths being very open while on
others the growth is very close. The growth ot spruces and larches
is usually heavier near the borders than in the central portions of the
bogs, and here too the gray birch (Betula populifolia Ait.) is abun-
dant on many bogs. A few bogs which are open over most of their
extent are very heavily forested near their borders. This is especially
true of the Martin Stream bog (locality 25¢), of the Etna bog (local-

a Numbcu refer to localities marked on the map, 'L I (in pocket).
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ity 85), and of the bogs near Hermon Center (localities 37 and 38).
Maples, yellow birches (Betula lutea Michx.), gray birches, cedars,
spruces, black ash, and occasional white pines are the trees commonly
found, and some of these may attain diameters of 1 to 1§ feet, though
growing upon 10 to 15 feet of peat. The speckled or hoary alder
(dlnus sp.) is usually abundant. The bottle sedge, Carex wtriculata
Boott., is abundant in the forested parts of the bog just west of Her-
mon Center. Among the lycopods found ave Lycopodivm annotinum
L. and L. clavatum L., and among the ferns Onoclew sensibilis L., the
sensitive fern. The moss Dicranum bergeri Bland. occurs sparingly

on the bog south of No Name Pond (near Lewiston). On the bog be- -
tween Hermon Center and North Bangor the mosses 7'huidium delica-
tulum (L.) Mitt. and Brachythecium rutabulum (L.) B. and S., were

found growing about the roots of the cedars. The winterberry (/lex
verticillata var. temuifolia) also occurs here, and is conspicuous in the
fall because of its bright-red berries. The mosses Hylocomium tri-
quetrum (1.) B. and S. and Hyprmum schreberd (Willd.) De Not. oc-
cur rarely.

Certain bogs like those near Greene station (locality 10 p.) and
near Etna (locality 35 p.) have suffered a change of flora because the
water level has been artificially raised by damming. On the Greene
bog the sedge Dulichium spathaceum Pers. (n. n. D. arundinacewm
(I.) Britt.) and the wool grass (Eriophorum cyperinum L., n. n.
Scirpus cyperinus (L.) Kunth.) are abundant. The marsh shield
fern (Aspidium thelypteris Schwartz, n.n. Dryopteris thelypteris (L.)
A. Gray) and the flowering fern (Osmunda regalis 1.) ave present in
considerable numbers. Among the angiosperms the following spe-
cies were collected: The sweet gale (M/yrica gale L.), the red-osier

. dogwood (Cornus stolonifera Michx.), the common meadow sweet
(Spireca salicifolic L.) and the button bush (Cephalanthus occiden-
talis 1..). On the Etna bog the blue joint grass (Calamagrostis cana-
densis Beauv.) is the most abundant species.

SALT MARSHES.
ORIGIN. -

Along the Maine coast, especially in the region southwest of Port-
land, are numerous broad expanses of salt marsh, in which are found
beds of peat of considerable thickness, the origin of which merits
brief discussion. These marshes may be characterized as poorly
drained plains or very shallow basins which are daily or at frequent
intervals overflowed by salt water. This flooding introduces a new
and unfavorable factor into the environment of plants growing on
such an area, since salt in excess in soil or water is fatally poisonous
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to most seed plants. The flora of the salt marshes is therefore re-
stricted. to plants that are able to tolerate the excess of salt water or
that require salt in quantities. The number of such plants for the
region is small, so that the flora of salt marshes is monotonous, being
made up of great numbers of individuals of very few kinds.

The few types found in this habitat are distributed over the sur-
face in associations which show an increase in simplicity directly
proportional to the length of time in the growing season during
which they are exposed to tidal overflow. The dominant types of
plants on salt marshes of this region are grasses, sedges, and rushes,
Spartina, a genus of grasses, furnishing the most common and char-
-acteristic species. Of these, the salt-meadow grass (Spartina juncea
ElL, n. n. 8. patens (Ait.) Muhl.), covers the surface of the marshes,
at about high-tide level, over great areas and seems to be the chief
species concerned in the formation of such peat as is developed.
Associated with this plant, but usually occupying slightly higher
regions of the marshes, is the black grass (Juncus gerardi Lois.) and
less commonly the seaside sedge (Carex maritima Miller), the salt-
marsh bulrush (Scirpus maritimus Torr., n. n. 8. robustus Pursh, and
related species), the slender glasswort ( Salzcorma herbacea L. ), and
other less abundant or conspicuous species. . :

Tt has been shown that in the filled-basin type of fresh-water bogs
the deposit is not homogeneous from bottom to top, but is made up
at different depths of the remains of somewhat different associations
of plants adapted to progressively less and less moist conditions as
the deposit was built up to the water surface and above it. In a simi-
lar way the normal salt marsh might be expected to show from bottom
to top a progressive change in its plant remains, the plants adapted
to stand frequent inundations of salt water having been replaced as
the peat became higher by plants which could stmnd only occasional
ﬂOOdlIlO'S, and finally by a fresh-water bog flora.

It is significant that the actual studies made in the salt’ marshes
of Mame failed to reveal any such progressive change from salt-
marsh to fresh-marsh conditions, the peat being either of fresh-water
origin below a relatively thin stratum of salt-water peat, or else
made up entirely of plants similar to those growing on the marshes
to-day at about high-tide level. Spartina patens and its common
associates, types which never grow-where the marsh is long sub-
merged, were the plants most frequently found.

It has been assumed by some observers that the deposits of fresh-
water peat now buried beneath salt-water peat were formed in bays
or inlets cut off from the ocean by barrier beaches of sand or gravel,
and thus converted into fresh-water ponds, in which peat developed.
Later, according to this explanation, some change in wave or current
action caused the barriers to be at least partly removed, the sea was
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- again admitted, and salt peat was deposited above the fresh-water
peat. This explanation, however, is not satisfactory because the

~ salt peat above the fresh and also that which is not associated with
fresh-water peat are frequently of great thickness, though formed
throughout of the remains of plants that will not live even a few
inches below the level at which they now grow. It would be im-
possible for them under ordinary circumstances to build up the 3.
feet or more of material made up wholly of their remains which
is found in many marshes. .

The explanation which best accounts for the observed character
of these deposits involves the slow subsidence (probably not faster
than a foot in a century) of a coast characterized by scattered fresh-
water bogs, and the conversion of these and other low-lying tracts
near the sea into salt marshes. The peat developed at about the
rate at which the coast sank and thus furnishes a rough measure
of the extent of recent subsidence and its rate. The fresh-water de-
posits in some places have below them peat which is clearly of salt-
marsh origin, indicating a slight uplift of the coast previous to the
subsidence, which is still in progress.

ECONOMIC VALUE.

As pointed out above, the peat that is to be found in salt marshes
1s of two distinet types, differing in origin and in potential fuel value.
One type has been formed by the ordinary peat-making plants above
sea level and has since been buried by salt-water deposits; the other
type is entirely of salt-marsh origin. DBuried beds of fresh-water
peat, if easily accessible, could be made into fuel of some value.
Where they are near railroads, as most of them are, they might well
be tested on a practical scale, the chief difficulty in working them
being to keep out the tidal waters and to dispose of the strippings of
salt-marsh turf lying above them. Some of the buried beds, as that
along the Kittery and York Beach Electric Railroad at Brave Boat
Harbor, contain included pine and hardwood stumps and logs, but if
the peat were consumed in a gas producer, these could easily be
utilized.

Most of the peat that has been formed wholly by the growth of
salt-marsh plants is too full of the fine silt and mud which have been
deposited by the tides to have much fuel value, and it is probable
that it will never be made into. a marketable fuel product. It is
possible, however, that the deposits in some areas of salt marsh
about the heads of tidal creeks may be sufficiently free from mineral
matter to permit their profitable use. The few analyses of salt-marsh
peat made ave included in the table on page 119 (Nos. 67-69).
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THE USES OF PEAT.
INTRODUCTION.

Many factors must receive careful consideration before any deposit
of peat can be successfully exploited on a commercial scale in spite
of the obvious facts that properly prepared peat is a good and ef-
ficient fuel and that it may be used successfully as the basis for a
number of manufacturing industries. Without doubt the failure
to consider some or all of these factors in their interrelations accounts
for most of the marked lack of success of the attempts to use peat
in this country. In the cases of the sort which have come to the
writers’ notice the unfavorable outcome of the venture was. not due
to causes inherent in the material itself, or the product from it, but
to easily preventable errors, of which the most common was failure
to take advantage of the great store of experimental and business data
accumulated in Europe during the last century.

So many mistakes have been made in selecting sites for building,
in the laying out and construction of plants, in choosing processes
of manufacture, and even in testing deposits to be worked that it
will be helpful to prospective investors and others to preface this dis-
cussion by a short statement of the elementary economic principles
underlying the establishment and development of such a business,
and in this way to point out some dangers which may beset the path
of the inexperienced.

FACTORS INFLUENCING- THE SUCCESSFUL UTILIZATION OF A
PEAT DEPOSIT.

LOCATION.

It has already been made apparent that the location of peat deposits
is considered of paramount importance, as the bogs investigated were
selected in the parts of the State which are most thickly populated
and easily accessible. Of two deposits, one of which is'to be selected
for experimental development, the one more favorably -sitnated for
procuring a reasonable supply of labor, a market, and cheap trans-
portation along routes already established should be chosen, if the
quantity and quality of the material are such as to merit use at all,
even though the rejected deposit be of greater size. The reasons for
this preference are obvious when it is considered that the selling price
of the product of the plant to be éstablished must, of necessity, be
low, and the margin of profit so small that, at least during the early
-days of the life of the plant, it should bear no unnecessary charges
due to poor location, which in turn will bring high price of labor,
added cost of transportation, and increased expense of maintenance.
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TRANSPORTATION FACILULTES.

No peat deposit should be considered available for the commercial
_ production of peat for fuel that is not sufficiently near an established
railroad to insure a spur track by which direct connection may be
established between the plant and probable markets, or else it should
be located close to navigable water. TPeat fuel is so bulky that the
cost of carting it for any distance is prohibitive; accordingly, none
but water or railroad transportation should be considered.

MARKET.
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