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Technical Bulletin No. 769 . April 1941

Peat Resources in Alaska'

By A, P. Dacunowski-Brokes

Physiologist, Division of Soil Swrvey, Burean of Plant fndusiry 2

{Report of s study made at the request of the National Forest Administration,
I'nrest Serviee)
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INTRODUCTION

The inereasing consumplion of eommereial peat produets for the
purpose of adding humus-forming organic matter to mineral soils and
for improving soil conditions, for bedding in stables, as poultry litter,
in the preparation of composts with waste materials, and for other pur-
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poses, has crested a demand for definite information concerning the
different types of peat available and alse a desire to furnish the trade
a substantial quantity of standard grades of domestic moss and sedge
peat suitable for various uses.

The state of uncertainty regarding domestic supplies of commer-
cial types of peat of standard quality, including moss peat, and the
increasing demand to make the United States less dependent on foreign
imports, has forcibly directed attention to the possibilities of utilizing
the large peat resources in Alasice.  Here muskegs and grassy marshes
of various kinds cover large areas estimated at more than 110 million
acres. The numercus ingniries which are received by the Deprrtment
of Agsiculture have made it desirable to estimate these resources and
to indicate briefly the composition and characteristic properties of
several Gypes of peat recognized by the trade, and the methods and
difficulties involved in the manufacture of marketable standard erades
of peat suitable for the purpose of adding humus-forming organice
matter to the soil and impraving its condition,

As carly as 1909, the Uniwd States Geological Survey issued a publi-
cation dealing with the preparstion and possible use of peat as luel in
Alaska, but no survey or description of peat aress was undertaken
at that time.  In 1939, in response to the need for information which
would facilitate the industrial utilization of Alaska peat deposits here-
tolore undeveioped, and make possible a coordinated use plan (or the
natural resources in the Territory, a program of ficld work was formu-
lated by B. F. Heintzleman, Regional Forester of Aloska, in coop-
eration with the Bureau of Plant Industry, to determine the location,
quality, depth, profile charncteristics, and other lactors of the po-
tential supplies of peat materials that are s<cessible and available for
commerciel purposes and thersby establish a basis for a well-rouncded
and coordinated development of the Tertitory's peat resources. The
field work was continued for & limited pcriod only; it began May 29,
1939, and was carried on until August 7, 1939.

The methods employed in the investication were those generally
used in field work. Charts of the United States Const and Geodetic
Survey and topographic sheets of the United States Geological Survey
served as base maps.  Actual examination of the peat areas included
profile soundings made from the surface to the bottom of the deposits
m order to determine the botanical composition of vertical cross-
sections, to deseribe their physical characteristics, to reconstruct the
types of original vegetation and environmental conditions—particu-
lnrly with reference to the sequence and quality of different layers of
peat, and to interpret the inherent structural features and relation-
ships in terms of use capability. The American tvpe of peat sam-
pler—a modification of the Wisconsin instrument employed by C. A.
Davis and others—was used and samples of doubtful character were
sent to the laboratory for macroscopic and microscopic study.

The results of this preliminary investigation on the character and
general condition of peat resources in Alaska are here presented,
The report includes a bricf statement of the salient features of the
peat areas examined in Alaska, and appraisal of the factors bearing
on the origin, condition, and characteristics of peat materials con-
nected with the problem of their prospective uses. No attempt is
made to discuss costs of exeavation, preparntion, or sale values of
peat products or to enter into the technical and theoretical phases of
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utilizing the large peat resources of Alaska for cemmercial or other
yurpoeses. It is considered desirable, however, to discuss the under-
[ying principles upon which any successful attempt must be based, to
indicate briefly erroncous ideas which have been entertained, and to
outline the working methods which have so far been employed suc-
cessfully.  The first part of the reporl deals with the profile features,
development, and varying conditions of Alaska peat deposits.  The
secowd part describes the operatious neeessary in the manufacture of
commereial humus-forming peat products for soil improvement.

No claim is made that the following is in any sense a delinitive
statement.  Necessarily, the investigations have been of a preliminery
and exploratory nature only.  To meet more exact requiremonts that
are certain Lo arise, additionnl field work should be undertaleen.
There 1s need, among other things, {for a series of good aerinl maps for
southi-centrel and interior portions of Alaska, followed by detailed
mapping and a thorough inventory of Alnska's peal resources, A
regronal experiment station could well be established 1o determine the
possible uses of seversl kinds of peat of standard quality in the Terri-
tory, to investigate Turther the specifie effeets Lo be derived [rom
their use ns soil nmendments under a variety of conditions, to demon-
strate the benefits to be realized [rom composting with wastoes of the
fishing wnd eanning industries, and to develop new methods nnd
products.  Previous investigations of the value of peat Lhave been,
and still are, unsatislactory because they failed to identily snd de-
seribe the kind of peat used.  The predominance of the saiinon fisking
and canning industry in Alaska, the expansion of plants lor the euring
and reduction of herring, and the enterprises connected with rising

fur-berring animals indieate the vutstanding ecommereial importance
of these operations as a dircel means of livelihood lor many inhabii-
nnts of Alaska. The ndoplion of a suitable and veonomic method of
manufacturing and marketing standard types and qualitics of peat
products and of composting with organic wastes would result in estab-
lishing a new industry and in eliminating difficultics that are now
nttendant upon large-sesie production.

RESUAIE OF FINDINGS

The results of the field work done may be summarized as follows:

1. Areas of peat in Alaska are almost evervwhere culled muskegs.
The word is of Indian (Algonquian) origin and applied in ordinary
speech to natural and undisturbed areas covered more or less with
sphagnum mosses, tussocky sedges, and un open growth of serubby
timber. Phe use of the word “muskeg” as an ecological Lerm is
limited generally to peat-lorming vegetation in Alaska and north-
western Cunada,

2. Muske-- can be classificd into “slope” musicegs, “raised”
muskegs, tod “flat” or valley muskegs. The names refer to real
differences in topographice, structural, and developmental conditions.
The attempt to bring the different muskegs found in Alaska into a
svstematic arrangement approximately expressive of their ecological
velations and history must not be considered final.

3. The first group vepresented in Alaska includes all musicegs which
have a sloping surface.  This is an oceanic type of muskeg formation.
IL develops in coastal regions where the peal-forming vegetation is
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dependent upon cool summers, high precipitation, and Ingh humidity.
The peat material accumulates on gently undulating, sloping land
which lies but Jittle above sea level and on slopes of mountain islands.
Over much of the genersl surface hummoeks of sphagnum mosses
rarely dominate any considerable urea; they are only of local occurence.
Scerubby conifers are associnled with varigus cricaceous shrubs and
conditioned by local changes in waler level and aeration. The
dominants are usunlly mixed communities of sedge and moss vegetn-
tion in which are prominent Suirpus caespiltosus, Lriophorum engusti-
Jolium, E. vaginatum, Rhynchospora albe, and several species of
Sphagnum, Essentinlly the same type of vegetation covers the
muskegs in higher plateaus and high lving slopes of mountains.
Most of the muskegs began as sedge marshes but often contain, below
the present surface, one or two lavers of stumps of spruce or pine
forests which developed during dvier conditions.  Slope muskegs are
common in the exposed coastal regions bordering the Pacifiec and certuin
forelands of Prinee Willinm Sound: they e especially prominent on
Mitko! Island.

4. The seeond group in Alnski s represented by (he raised inuskeg.
It is distinguished by the marked convesity of ils surface and hum-
mocks ol sphagnum mosses which by their eantinual upward growth
lend to the aceumulation of moss peat reaching several foet in thick-
ness.  High atmospherie humidity and strong acid reaction accom-
panied by o lack of nutrient mineral salts are the environmental
conditions whieh maintain the growth of sphagnum mosses.  Hum-
mocks are colonized by various plants of which fmpetrum nigrum.
Taceinium ritis-idaea var. minus, ccanbeery, and sundew dominate
the surface of hummocks while Rhynehospora spp. and cottongrass
aceupy the intervening hollows.  Small shallow peols of water are
frequent bul nove of these represent the sites of former lakes or ponds.
Ledum groenfandicum, Kelmia glawea, and Andromeda polifolia are
the dominant heaths. There is evidence that serubby heaths and
conifors colonize the mwoss peat of well-drained muskegs.  Raised
muskegs dovelop in less extremely wet climatic conditions than those
necessary for the Tormation of slope muskegs. The group resembloes
the high moors on the Burapean continent.  Characteristic raised
muskegs are well represented at Juneau, hetween Seward and Hope,
and certain loealities in the interior.

5 The third mroup of muskegs is represented in Aluska by the flal
or valley muskegs. The group is closely related to the slope muskegs,
from which it differs in environment in its limitation to lowlamds,
valley streams, and edges of lakes wnd ponds of which the water s
more or less aeid in reaction aud relatively peor in soluble minersl
salls. The surface of these muskegs s {lal or concave and thetr
development cannol go hevond o cortatn heighl nor can it spread
laterally. This is probably vovrelated with the dependence of the
vegetation upon ground waters and its relative inability fo grow
above the local water table.  The normal suceession is from acualbic
peat-forming plant communities Lo transttional stages dominated by
sedges, rushes, and grasses.  The later stages begin with the appear-
ance of charncteristic sphagnum mosses and their assaciates. This

is correlnted with marginal colonizition by heaths and conifers.  Any

increasing density in shrubs or trees may eventually kill out the sphag-
num mosses in the ground cover. Representative muskegs of this
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group are located n the Copper River region, in the valleys of the
Anchorage distitet and in the interior. .

6. Information on the wildlife of muskegs and the intervelationships
between animals and vegetation is very limited. Muskegs show
as yet no cffect of grazing or the feeding by game and herbivorous
fur bearers. There are signs of browsing on tree seedlings and twigs
of low deciduous shrubs, and of feeding on berries and other fruits.
There is an abundance of shelter and food but, except in southeastern
Alaska, the supply may be inaceessible during the long winter months
owing to heavy snowtall, Exeavated arcas of peat, if not used for
agricul{ural purposes, should be ponded and rescerved for wildiife.

7. Bridence points to the recent sinking of the shore line in cortain
places in Prince William Sound, and the subsidence of slope muskegs
helow sea level at Bomb Point und Fidaigo Bay.

8. Muskegs at Wasilln Lake and in the vieinity of the Malanuska
Awricuttural Experiment Stalion contain layvers of Chare marl below
the surface. The ealearcous materinl is of good quality and oceurs
m_considerable abundance; it has potential value for reducing the
aeidity of ageicultural soils and in the manufacture of Portland cement.

8. Among the qualifving faclors that affect muskegs in the interior
of Alaska arelayers of voleanie ash, wind-blown silt, and a permanently
frezen condition.  The line of permanent frost appears to have been
rising periodically.  Suminer thawing ranges usually between 20 to
45 tehes below the surface.

0. The mterpretation of profile features of peat deposits has not
advancad far onough (o permit any definite opinion as to the age or
the period of time necessary {or the necumulation of different layers

of peat in muskegs,  Theve is o possible relation Lo Buropean post-
glacial periods.

Fi. The arcas of peat burted onder many feet of stratified silt,
agravel, and iee in the valleys exenvated near Fairbanks, would seem
to represent Inlerglacial periods in contrast Lo the present muskoegs
on the surfaee of the vallews which in all probability developed since

the last glacial stage.  These valleys are o record of the prehistorie
past; they contain valuable fossils of extinel animal life and plant
remains of ancient muskegs; they offer & unique oppertunity for the
seientific study of the natueal history of the region, ehanges in elevation
and elimate, Inferglacial stages, and the movemenls of vegetation
and animal e, Portions of these valleys shonld be veserved hy the
Tervitorial government for a study of the record and its important
relationships.

12, The agricullural and wdustrial otilization of muskees in Alaska
should be a part of the regional phuming in which various interosts nro
considered and adjusted,  Several tervitorial and Federal agencies
could participate in a coovdinated program, A more detailed and
comprehensive sorvey of Alaska peat deposits, in all its aspeets,
should bencluded in the series of regional planning studies made for
the development of the resources of the Territory.

13. The presenee of over-frozen muskegs and mincral soils in the
interior has not altracted many to agriculture.  Novertheless, the
depth to which surface layers of soil and peal thaw duving the short
hut warm and dry summers and the reservoir of moisture they consti-
fute, have decided advantages.  Aceording to settlers, erops such as
rye, oats, barley, wheal, many kinds of vegetables and good pasture
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grasses grow remarkably well and never suffer from drought during
the growing season where frozen subsoils are melting,

14, Montena Creek muskeg near Juneau, Moose Lick muskeg on
the road between Seward and Hope, and the muskeg near College in
the Fairbanks district contain surface layers of sphagnum moss peat
which are of good gquality. They are suitable for commercial uses
and as o source of supply for continental United States. The thick-
ness and purity of the material depend largely upon the particular
en.vironme.ntal conditions where the accumulation occurred.

Most of the muskegs in Southeastern Alaska and in Prince
Wﬂhﬂ.m Souand consist of S{'dﬂ‘e peat. A good quality of commercially
important sedge peat ocours at Potelsburg, in Hamilton Bay, and
other localities. It is overlain by sphagnum moss peat varying in
thicliness from 8 to 20 inches. Other types of peat, such ns woody
peat, hypnum peat, and sedimentery peat occur in minor quantities.

16, The second part of Lhe reporlt discusses the current demands
for sphagnum moss peat and sedge peat as o souree of humus-forming
organic master for soil improvement. Field operations are deseribed
relating to practical working methods such s draining, exesvating,
drving, shredding, and packing,  Selection of o few aceessible depos-
its containing & good guality of moss or sedge peat, 8 uniform grading
systein, and maintenance of standards of qualiby would avoid difﬁcul—_
ties and mistakes of past commercial attempts, I would also bene-
fit the research that should be undertaken to serve as a basis for the
intelligent use of stavdard types and grades of peat materials under
various soil and eultural conditions for the growth of plants or for
ather purposes.

GENERAL FEATURIES OF THIEE PEAT DEPOSITS

Alaska has an area of about 586,000 square miles or sbout a fifth
that of continental United States. Tt has a variety of climates,
land forms, and vegetation and may be divided into six punupnI
regions encli with distinet characteristics and varlous natural re-
sources including different kinds of peat. A general mnventory of
existing land resources shows that about 70 pcrccnt of the total area
of Alaska is covered with vegetation of which about 58 millien acres
has trees sufficiently dense fo be classificd as forest, approximately
100 million in tundre, and nearly 110 million in muskeg and grassy
marshiand (47).* The Territory is almost wholly in Federal owner-
ship and studies are under way for g carcful planning of the use of
these Iand resources and for vigorous measures of conservabion,

Alaska hes two national for v%l‘s, adiministered from 2 regional office
of the Forest Service in Juneau. The Tongass National Forest
includes the greater part of southeastern A.lasl\a, and the Chugach
National Forest covers the timber belt on the shores of Prince
William flound.

In Alacka the terms “tundra” and “muskeg” have no satisfactory
geographiv or descriptive definition and there is a prevalent confusion
as to what comstitutes a muskeg. This is true both in common
perlance and in various publications which have described the vege-
tation of the Terrifory. While the term “tundra” covers all treeless
vegotation of whatever type and is applied to & wide range of both

3 {talle mizmbers in purentheses rofor Lo Literatige Clted, p, 82,
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orgenic and tnorganic material, 2s shown on a may prepared by the
United States Sotl Survey (40). the so-called muskegs appear to have
greater significance with reference to a very definife mode of origiu
and structural formation. The term “muskeg” is of Indian {Algon-
quien) origin denoting an area covered with sphagnum mosses and
tussocks of sedges. It scems best, for the present, to let the clis-
tincttons bebween different kinds of muskegs rest on the individual
deseriptions given in this rc{)ort.

Before giving any detailed evidence for the character, composition,
und stratigraphic features of the separate muskegs in Alaska, it will
be desirable to outline some of the basic facts and methods on which
the conelusions rest.

1t 1s no longer necessary to explain the several lines of inguiry and
the methods of fiold work appropriate for a study of peal deposits
that may be applied to an analysis and classification of the various
kinds of organic material which they contain. Such information has
heen sot out in earlier publications (9, 18, 14). It will be recalled
thut the most obvious method of determining the main character of
primary peat materials is based on the external form aned the botanical
identification of the plant remains which are sufliciently well preserved
Lo be recognizable.  Peat materials of relatively uniform composition
and purity represent & Lype and are classified as woody, fibrous, or
sedimentery.  Those grouped 2s woody inelide coarse, lumpy, partly
decomposed woody frpgmonts, irregular to angular in shape, lenves,
needles, bark, bits of-twigs, roots, and other components of trees and
shrubs, as well as woody granular material, the coarseness or fnenoss
depending on the degree of decomposition. The pest madterials
grouped ns fibrous consist of underground stems and roots of grasslike
plants which show more or less waell devoloped horizontal cleavage
plains or lamination, while those derived from entire small stems,
such as sphagnum mosses preferred [or commorcial use as stable
bedding or packing and shipping secdlings and cuttings, are often
characterized by small columnar lumps and vertical aggregates, The
third wroup includes all peat materiels which are more or less eolloidal
or jellylike, form a coherent and sticky mass, shrink greatly and hecome
bard upon air-drying, and represent finely divided organic sediments
that necumulated in open water from aguatic vegetation.

The terms “muck” and “peat” have often Licen used indiseriminately
i literature,  The term “muck™ is properly used when it rofers to
nny peal material that hes been altered by drainage and acrabion,
the action of micro-organisms, or cultivation and consequontly has
tdvanced in stage of decomposition so far that its botanical chare
acter is no longor evident.  Aceording to ils origin mucl may be
designated as reed muck, sedge muck, ete., the name referring (o the
type of peat which has undergone decomposition. Mucek is residual
port material; it is usually granular in structure and the components
are relatively loose and more or less rounded in shape. The breaking-
down process may proceed to complote pulverization. Muck is gen-
erally dark brown to black in color; it differs in the quality of its
residues, is relutively low in absorbing capacity for wator and soluble
salts, and the mineral content may range between 5 and 35 pereent,
Muck which contains more than 40 percent of mineral matter should
not be confused with the well-decomposed rud mineralized organic
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multer mn soils which is synthesized by micro-organisins and spoken
of us humus. Information on physical and chemienl propertics of
different kinds of peat is given in Circular 200 (7/2).  Analytiend data
of entire peat profiles from varlous sections of the United States are
discussed i Fechnical Bulletin 214 (76}, Adequate structurnl wnd
comparative field descriptions upon which developnental views inay
be based, nmd eoordinated lnboratory tests of sainples lromn the entire
depth of o peat area constitule the means Lo draw correel conclusions
ns Lo the main proeess and conditions which give rise to differences
i vegelative cover, in steafifieation or arrnngement of ayers ol peat
below the surfuee, and i the mmain properties of the various peal
malerials.

The most distinetive Teatnres of an ares of peal wre ibs sbnla,
which differ in gunlity necording to Uie eharacter of the peat-fornung
vegebation and the content of minerul or other constituents and useless
ot harmful matter, Thus the successive layers of peat in o deposil
refleet the chnnges in the composition ol the vegetation whieh replaced
one another in g peal area throughout the whole peried of its formation
(241, By the comparalive exantination of plant remains and the
strabigraphic sequence of peat layers of muskegs all over Alaska, it
has bocome possible (o establish o coordinated history of the complex
development which the muskegs have followed o responge Lo changes
i1 elimatic conditions, in water table, and in supply of soluble sults
nffeciing physiologieal and other vital proeesses, as well as Lo effcets
of drought, fires, Nloods, and crosion. Lo this way an analysis of the
peat lavers superimposed upon one another may he employed also ns
a chronological seale agninst which other events. such as climatic
eyeles, voleanic erupbions, or changes 1n sen level, cat be measured

(10, 11).
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IFrgone 1.—Numbers and approximate location of maskeps examined in Aluska,

The map shown in figure 1 indicates the loeation of the muskegs by
neme and number examined in Alaska and presented in this report.
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PEAT RESQURCKES IN SOUTHEASTERN ALASKA

Most of southeastern Alaska lies within the Tongass National
Forest. The dominant feature of this region is its mountainous char-
scter.  Brooks (4) has described some of the geographic features.
It comprises n narrow wainland strip of the coasial mountain range
and & chain of islunds separated by 8 network of deep marine water
courses.  On the islands the mountains rise to heights of 4,000 feet
wid on the mainlund the peaks veach in places more Lhan 10,000 feet
above sen lovel; they extend seutheasterly from she main body of Lhe
Territory and along the west side of British Columbia.  The islands,
viewed from the waterways, are mountnins which rise sharply from
the water’s edge.  The lireest of these are Prince of Wales, Chichagof,
Baranof, Admiralty, Kupreanof, Kuiu, Revillagigedo, and Mitkoi.
The land forms indicate rvesults of extensive Alpine glaciation, the
special features of which are Matterhornlike peaks, U-shaped and
hanging valleys, cirgues, and iy extensive fat and wide lower
valleys,  There is little level land.

Beeause of the rough topography only short roads have been con-
atructed in lowns and adjscent seftlements. The region is most
accessible by steamers which operate through the Inside Passage
hetween Seattle, Vaneouver, and Alsskun ports, and by airplanes
and motor-driven launches used to reaeh intermediate places.

Southeastern Alaska is the most highly developed part of the
Territory; it contains one-third of the total population, the grenter
wnount of the fishing and canning industrics, and a dense growsh of
forests of which the larger bull is commercial timber.  The principal
fowns are Juncnu, Sitka, Ketehikan, Petersburg, and Wrangell.

The elimnte of southeastorn Aloska is mild, heing moderated by
the warm ocean currents of the northern Pacific,  The summers are
eool and the length of the growing season is about 160 days with long
davlight in June. The period of heaviest precipitation is from the
Intter part of August to Deecember and the least from April to July.
[t is henviest on the islands in the southern part of this vegion, dimin-
ishes northward, and appenrs fo be much greater on the mountain
slopes than at sea level.  The total number of rainy days m a year
average 160, There is no evidence of nny accumulation of snow in the
glaciers, most of which appear to be receding very slowly, The pre-
vailing winds come from the south and southwest, and northerly winds
abimost invarirbly bring fnir and dey weather.  Tlie winter tempera-
fures al sen level are comparable with those on the Atlantie Coast.
The lowest sea-level temperature on record af Junean is —15° T, at
Sitka —35° ., and at Ketchilkan —8° 1. However, owing to the
northerly latitude, the minimum temperaturves drop rapidly with in-
crease in elevation above sea level and with distance [rom tidewnter.

There is little agriculfure in southeastern Alaska.,  Most of the
small arens under cultivation nre near lowns, at the head of some bays,
and on the ridal flats of which (he grasses are used as forage for hive-
stoek.  The fower slopes of the mountains are thmbered. Dense
forests of hemlock (74 pereenl), spruee (20 percent), “eedar,” pine and
other species (6§ percent} cover practically the whole aven to altitudes
of 2.000 (o 3.000 feet 37}, A growih of serubby conifers, alder, und
willow extend in placos 1,000 feet beyvond these altitudes associafed
with alpine vegetation, glaciers, amd waterlalls.  Seattered through
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the forests and in the foothills, on the flats or benches and along the
shore, occur areas of peat generally called muskegs and covered with
vegetation consisting of sedges, sphagnum mosses, heath shrubs snd
serubby lodgepole pine, ‘‘cedar,” or spruce. A map giving essential
data regarding the distribution of peat areas examined in this region
is shown in figure 2.

Muskees or i KETCHIEAN DistricT

The Ketchikan District forms the most southern portion of the
Tongass National Forest. Il includes several islands, the larger of
which are Prince of Wales, Revitlagigedo, and Gravina.

REVILLAGIGEDO ISLAND

Revillagigedo Island is in the extreme southeastern part of Alasks.
Ketchikan, on the southwest coast of the island, is the leading port
of entry; it has & number ol salmon canneries and is an importent
center {or frozen and iced fish shipped to enstern markets.

The island is separated from the mainland by the Behm Canal, and
from Prince of Wales Island on the west by Gravina Island, Cleveland
Peninsula, and Clarence Strait. The shore line is very irregular and
deeply indented. The surface of the island is mountainous, varying
in relief from 1,560 to 4,560 feet. The whole aspect of the landsecape
is characteristic of a glacinted region. Most of the island is heavily
forested practicelly from the water’s edge up to an altitude that may
reach about 2,500 feet, depending upon local conditions, A relatively
small percent of the lowland and lower slopes of valleys has fentures
that are characteristic of muskegs and other types of peat land. They
vary in size and as to possibilities for commereinl use.

KETIHIKAN {NO. I

In constructing the Tongass Highwuy, n rond from Ward’s Cove Lo
the lakes at the upper end of the Ward Crecl drainage, & cut was
made through s muskeg (No. 1 in figs. | and 2) which shows the
curved surface that is given to a peat deposit by the upward
growth of sphagnum mosses absorbing and holding rainfail. The
peat area is one-half mile northeast from Ward Lnke or approximately
8% miles northeast of Xetehikan and at an clevation of about 50 feet
above sea level. It covers less than 2 acres and occupies a troughiiice
depression scoured out of the rock by ice. The muskeg has a well-
marked convexity (fig. 8), with margins sloping down to the forest
floor, and supports a ground cover which consists of low cushions
alternating with hollows formed by the growth of different spities of
sphagnum mosses. Typical species are Sphagnum cuspidatum in the
wetter habitats with an oceastonnl species of Rhynchospora. On the
drier and firmer portions of the hummocks oceur 9. FJuscum, 8.
rubrum, S. squarrosum, and others, The latter are characteristio
primary peat-formers of the mosses which cover the aren. Associated
with them are herbaceous plants such as Secirpus caespilosis,
Eriophorum sp., Drosera rotundifolia, D. wlermedia, Empeirum ni-
grum, cranberry, low blueberry shrubs, and others. This community
is in an actively growing condition and colonized by small heaths such
as Ledum proenlandicwm, Kalmia polifolic, Andromeda palifolia,
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Vaceinium wliginosum, and a seattered dwarfed growth of lodgepole
pine (Pinus contorta), Alaska yellow-cedar (Chemaecyparis mootka-
tensis), and mountain hemlock {Tsuge mertensiana)—~the latter low
and fan-shaped. They give the arca the aspect of ralsed moors
described in former publieations (13, 1/, 29, 83).

Profile soundings made on the west side of {he road, as weil as cross
sections exposed in the cut, indieste three distinet layers of poat ns
follows:

0-24 feet; moss peat.  The material in the hummaocks consists of vertically
elongated companents and is typically spangy for the first § inches shading from
a vellow-brown to reddish-tinted moss peat below the first foot lovel; in the deeper
central portion of the peat ares, the surface muterial to o depth of 18 inches con-
sists of reddish-brown, spongy, compaeted moss peat, relatively well-prescrved,
having a reaction of pH 4.0; il is followed by thin seaws of darker-colored nioss
peat in an advanced degree of decomposition, represcuting probably the plant

o N TSR
. - .-'"",. ! [

MOSS PEAT i7:] SEDGE PEAT 573 woanr eat

FiGurE 3.-~ A muskeg near Ketehikan, showing characleristic conves surlace
sloping from fhe eenter towards the margin wheve it oerges with ieees of the
surrounding forest.

remasins of a hollow depression on which, lader, & huwmoeek developed; the laver
slopes toward the maerging, is thinner at the edges and containg small amounts
of woody roots from eranberry and shrubby heaths: on the east side of the road
the content of woody material is Jarger.  The lower portion of the layer has an
admixture of roots and rhizomes from cotbongrass and other sedges, is gravish
brown in color, slightly decomposed, and contains dark eolored organie residue.

2143 feat; brown woody peat with stumps and roots of conifers and roatstocks
of heaths; the layer is thinner in the eentral portion and more fibrous from plant
remains of tussocky sedges: in pluces it coutaing a litter of needles and leaves of
henths showing very little disintepration: the waterial is acid {n reaction.

3%4~B feet; sedge peat, yellowish brown in color, more or less matted fibroos
and definitely horizontal; it consists prioeipally of rootiets aod underground
stems frony o variety of sedges; at the lower level the material tends to be crumbly
and contains herbaceous plant remnins, thin woody rootlets, seed capsules, bits
of bark and twigs and seales of inscets: the laver is fuirly sharply demarked from
the underlying mineral substratun.

6-61¢ feet; dark gray misascous sund which contains well-decomposed organis
residue with a reaction of pH 5.8,

In the stratigraphic development of the raised {ype of ruskeg it
is evident that a marsh of grasses and sedges was replaced by a serubby
forest and later suceeeded by sphagnum mosses which gave rise to u
convex surface.

POINT HIGGINS (NQ. 2}

Contrasting sharply with the Ketehikan raised muskeg is the flat
area of peat between rock outereps near Peint Higgins on the Tongass
highway. It is an example of a local type of muskegs determined by
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ground water overlying an impermeable rocky plateau where drainage
is impeded. The surface is rvelotively flat, and the ground cover of
sphagnum mosses 1s thin and not continuous. The area is timbered,
the principal species being western hemlock (Tsuga heterophylia),
iodgepole pine, and Alaska yellow-cedar, The trees ave slow-growing
and usually quite limhy. Among the henths, the lowbush blue berries
(Vaccinzum caespitosum, V. uliginosum) and the mountain cranberty
(V. witis<idaea var. minus) are relatively abundant with various
sedges, notably Seirpus egespitosus, which occur in patehes and dense
clusters, In gencral the flora indicates a transition in which trees
predominate and tend to encroach on heaths and thelr nssociated
sedges. Spaghnum mosses have not suceeeded in forming a distinet
lover of moss pead.

The profile features of Lhis muskeg are quite complex. Soundings
made in sections where moss hummoeks oecur, give the following
record:

0-19 inches; the npper § inches consist of mosses which merge with yellowish-
brown fibrous sphagmun moss peat; the material econtaing fine roots and under-
ground shoots of erunberry (Vacciminm ozycoccus, V. witis-idaea var. minus),
crowberry (Empetrum nigrunt), and Clondberry {(Rubus chamaeemorus): the lower
4 inches are woist and roots of heath shrubs are abundent; in the denser wooded
portions of the area, there is a well-developed root and stumnp Ievel to the depth
of 18 inches; the voots of standing timber are prowing horizontally and distinetly
Hat based;

10-36 mches; reddish-brown, matted sedpge peat, partly decomposed; it con-
fains plant renains from sphagnum mosses; near the second foot fevel it conaists
of dark-eclored material with woody roots of trees and shrubs; the lower portion
of the layer is sedge peat free from woody fragments, saturated with water and
ncid in reaction;

37 feet; water pocket; contains brownish-colored organic residue in suspension;

7-8 feet: bhrown fine-grained sticky sedimmentary peat:

810 feet; dark-hrown mutted fibrous sedge pest acid in reaction; woody
material and thin seams of sandy fine-grained organie residue are more frequent
townard the bottom;

104%-12 fect; greenish-gray fine sand with plant remains from woody shrubs,
prasses, and sedges, grading into dark-colored micaccous sand and, at lower
levels, 1nto binish-gray sandy clny,

Starting with the oldest layer, the development has been from g
sedge marsh which supported woody shrubs, indicating that the watoer
level was low at the primary stage.  Later a rise of the water table
aceurrecd, expanding to the size of a small lake or pond in which sedi-
ments accumulated from aquatic plants. A floating mat of secdges
contributed to o layer of sedge peat unable, however, to il completely
the body of water, Sphagnum mosses invaded ot a more recent period,
but trees near the edge of the muskeg advanced upon the peat aren
and maintained themselves effectively  under present surfnce con-
ditions.

MERSEVER.NUE (NO. 3)

Among the more interesting Lypes of muskegs are those which cover
slopes of hills and of mounisins.  They represent a type that may well
be called slope muskegs. Characteristic exainpies are the muskegs
which oceur glong the trail Lo Pearseverance Lake at peints about 1,000
feet and 2,000 feet from its junetion with the road to the sceond Ward
Lalke.

The muskegs have in general a gentle slope and conform to the
topography of the loothills.  The surlace irregularities possess charvae-
toristies that are due Lo shallow pools of water which show no indiea-
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tion of drainage. The dominants are sedges, usually mixed with
sphagnum mosses. The trees are mostly lodgepole pine and hemlock,
“cedar’”’ being less abundant; they grow scattered, low and dwarfed;
elthough in the open, their lower branches continue to die from
unfavorable soil and ground-water conditions. The shrubs are small
end dominated by beaths. Herbaceous plants and sedges are con-
spicuous, the following plants being prominent: Seirpus caespitosus,
Eriophorum sp., and Rhynchospora sp. They constitute a more impor-
tant characteristic of the ground cover than sphagnum mosses.  Any
noticeable convexity of surface is generally due to the rounded topog-
raphy of the underlying mineral substratum.

The profile sections, obtained by sounding the small area along the
trail about 2,000 feet from the road, are typical of slope nuskegs,
s follows:

0-1 foot; thin cover of light-hrown fibrous sphagnum moss peat showing no
appreciable differentiation from the color and texture of the growing mosses; it
varies in thickness from 3 to 5 inches; the material overlies a thin seam of dark-
colored sedge peat which contains an admixture of sphagnum mosses and the
woody roots and shoots of heaths, the material below it consists of dark-brown
fibrous sedge peat much of which is waterlogged, giving a reaction of pH 4.5 to 5.0.

1-7Y% feet; brown fibrous-matted, somewhat felty-fibered sedge peat; between
the 4 and 5 foot level, the layer containg woody fragments from shrubs and coni-
fers; it grades into & compacted yellowish-brown fibrous sedge peat; at the 7-foot.
level, the material is dark brown in color, In un advanced degrec of decompasition
and crumbly when dry; it grares sharply into very dark-brown sandy organie
residug;

T8 feet; firm dark-gray micaecous fine sand; very compaot at the lower lavel,

THORNE ARM (NO. 4}

Another notable contrast to muskegs of the raised and the flat
lowland group is an area of peat which occupies a slope about a quarter
of & mile inland on the west side of Thorne Arm bisecting Revillagi-
gedo Island. The muskeg lies near the head of the bay and is reached
by a trail. The peat arvea is best defined by its vegetation cover as
that of a transition stage from a moss-sedge marsh to a succession of
low heaths. The surrounding timber consists largely of Alaska yel-
low-cedar, with Sitka spruce (Pices sifchensis) and western hcmﬂ’)ck
The shrubby undergrowth represents an open growth of heaths and
the herbaceous cover includes, aside from Secirpus eaespitosus, Erio-
phorum sp. and Rhynchospora sp., such plants as Caltha biflora,
Menyanthes trifoliate, Senguisorba oficinalis, Lysichiton americanum,
Nephrophyllidium erista-galli, Gentiona douglasiana, Viola palustris,
Trientalis arctica, Coptis asplenifolia, Cornus canudensis, Lycopodium
sp., Lamnorchis sp., Verairem sp., and others. The area is dobted
sparsely with a few hummocks of sphagnum mosses and small pools of
shallow water which, like the pools of most sloping muskegs give a
reaction of pH 5.3 and arc poor in aguatic plants.

Soundings show the following cross seetion:

0-22 inches; the npper portion of the layer represents a thin cover of moss peat
imbedded in elosely matted roots of the growing grasses, sedges, and herbaceous
plants which merge into brown fibrous sedge pest; the lower porsion contains the
woody shoots and roots from adjacent heaths, some of the roots extend as muceh ax
18 inches below the surface; the extent and charaeter of roots and the marked
development of herbaceous plants arc probably due te favorable aeration, although
the medinm acid reaction (pH 5.5) and compaosition of the ground swater are,
undoubtedly, also invelved; below the 18-inch level the material consists of brown
fibrous sedge peat which is very compact and sliphtly sandy at the lower lavel.

22-27 inches; dark gray silty and sandy organic residue, very compact and
grading into loose gravel; no certain indication of bedrocic.
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1t is to be observed from the profile features that, while the lower
portion of the layer is more typically sedge peat, the upper portion
represents material of a transitional character; it is not typical of
sedge peat in the proper sense but of the plant remains of a stage the
succession of which may have significance as an ecological untt and
as an important and valuable adjunct in the maintenance of wikd,
fur-bearing animails. Considerable opportunity exists on the various
islands for the expansion of herbaccous planis including deererass
(Serrpus eaespitosus) which can provide a varicty of food and shelter
for some forms of wildlile.

GRAVINA ISLAND MUBEEQS (NO. 5}

The topographic features of Gravine Island are similar to Revilla-
gigedo Island, from which it is separated by Tongass Narrows. The
island forms a comparatively low, timbered mountain mass west of
Ketchikan, with bedrock exposed nlong its northeastern and north-
western shore. Some of the muskegs, which developed on benches
with a gentle seaward siope, rest generally on roclk, are shallow, and
conform te the topography of the rock bottom; others are flat and
consist of peat layers that are more or less horizontal and independent
of the ronfiguration of the underlying substratum, while a few show
surface layers with & marked convexity,

The irregular-shaped muslegs on the slopes of Gravina Island are
less accessible but of greater depth than those near the shore. The
structural features of profile sections are typical of the slope muskegs
on the trail to Lake Perseverance. The sphagnum moss peat at the
surface is thin and not continuous. Peat-forming sedges have been
of greater importance than woody shrubs and trees and have playved
a large part, although there is evidence that trees are now advancing
into the muskegs which were originglly treoless.

The muskegs on the slopes at higher elevations, particularly those
about 1,500 feot from the marine station and in a direction along the
pipe line as far back as the dam and water reservoir, lack definite
houndaries. They have the aspect of a sedge marsh from the number
of sedges and grasslike plants. The vegetation includes Loiseleuria
procumbens, Gewm calibifolium, Menyanthes trifoliata, Sanguisorbe
officinalis, Pinguicula villosa, Tofieldia tntermedia, and others. Sphag-
num mosses form a thin and irregular surface cover and show clearly
that stmospheriec humidity and high water-table conditions are not
the only factors which condition the spread of this type of vegetation.
From the distribution of the many small pools of water, which are
only pH 5.5-6.0 in renction. it is prohable that the content of soluble
salts in the ground water is the limiting factor unfavorable for the
growth of sphagnum mosses. The rhizomes of sedges are spreading
on the waterlogged surface and appear to have little competition.
Heaths are of limited occurrence,  Among the shrubs are Ayrica gale
and & dwarfed form of Juniperus communis var. saratilis. But the
profile sections furnish a clearer distinction in stages of plant succession
than the erratic character of the surface vegetation. The profile
structure, reflected by soundings, has the following features:

0-1 feet; upper 3 inches vellowish-brown sphagnum moss peat grading into s

dark-brown mixture of sedge and moss peat in which woody shrubs are rooting;
the layer is saturated with water and gives & reaction of pH 4.5-5.0,
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1~7 fect; brown fibrous sedge peul; at the 3-foot level the maiterial is coarsely
fibrous, gruding into dark-brown setlge peat which containg weody fragments
and coniferous timber beiween the 54 and B-foot fevel; below it the sedge peat. is

grayish brown in eslor, moderately decomposed and contains srall angular stones
reserubling slaty {graywacke} lalus;

78 foet; rough angular stones over bedrock.

The profile shows a distinet drying effeel between the 5)- and G-loot
level whore the sedge pent is partially decomposed and gives evidence
of the position of stumps of an carlier forest.

Muskgecs orF rHE PErBrsturc IhsTrier

The aren in the Petersburg distriet of the Tongnss National Forest
comprises Wrangell, Mitkol, Kuiu, Kupreanof, and severnl other sea-
ward islands.  [n general aspeet, the topographic chareter of this
portion differs somewhat from that of the Ketehikan district to the
south. The coast line of these islands is broken by bays. coves, and
channels marked by low-lyving hills that rarely exceed 1,000 [eet in
altitude.  The hydrographic maps of this district show pumerous
inlets and many protected channels.  These border land surfaces with
gradual stopes and gently arched hacks, fram the head of the bay
toward the steeper slopes some distanee from the shore,  One of the
striking [eatures is the shallowness of many bays and inlets.  The
floors of the stoping lowland appear to consist generally of bedroek
overlain with gravel, cobbles, sand, and silty clay brought down by
rivers and glaciers.  They are coverad mare or less effcetively with
forests and muskegs with a sloping surface. The peat-forming
vegetation depends upon atmospheric moisture for iis mode of de-
velopment and is in o sense a climatie formation independent of loeal
ground-water supplies and the nature of the underlying mineral
substratum. Thus slope muskegs are related to much the same cool
and moist climatic conditions ns raised muskegs, exeept that the
vegetation of the latter is more highly speeinlized and that grouud
water poor in nutrient salts is an indispensable condition for a con-
tinual growth of sphagnum mosses.

WraNGELL I5LAND

On Wrangell lsland, as generally in the Petershurg district, o few
types of slope muskegs have been observed that are of a character
intermedinte hetween sedge marshes and sphagnum moss bogs.
Their peculiar features are discussed in the profile deseriptions given
below. Muskegs of the raised tvpe and herbaceous sedge marshes
have not heen seen in this seetion of Alaska.

WRANGELL (N4 /1

On the north side of Wrangell lsland, near the town of Wrangell,
there are several small muskegs none of themn excecding a greater depth
than 8 feet. Some of the areas are near the shore and others are
confined to stopes of rounded topography. The mountain sides rre
covered with conifers but on the peat arens the trees are seattered and
dwonrfed in growth, Sphagnum mosses are common but of limited
loeal oceurrence, supporting various heaths and herbaccous plants.

Profile sounding, confined principally io thi arens along the castern
town limits of Wrangell, may be considered to reveal fairly typical
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examples of the suecessive stuges of vegetation and the corresponding
superposition of Iayers of peat that [ormed the shoreward tvpe of
muskegs.  Cross sections observed in n nutiber of pleces and exposed
along ronds and newly cut ditehes revend the ieflowing features:

01 Inchies: upper 2 Lo 3 inches sbraw-colored spongy sphageum moss peot
which pradex sharply ioto grayish-brown partly deeomposed moss peat, pH - in
reaction, and abont 7 inches in thickiness: below it are spriter sturmps with flat
based rools, snd the woody shoots of hewths,

10--65 inches: brown filirous sedge peat somewhal compressed and more or less
cohesive from the presence of finely divided onganice residue, huving a reaction of
pH L8 3.0 bhetween the 3% and 12-inch level are stinnps of conifers buried
within the sedge peal; the woody roots are fint aud rest on fine, purtly decom-
pased, dark-brown sedpe peat; at the 50-inch level the sedue pead in reddisti-hrown,
matted, more o less felty Abered; near the 60-ineh Iovel the sedpe peal conlains
sand and merges into & saody, grievelly niueend sulsteati,

HRECPRAIL (N0 Y

On the slope of she mountuin east of the Wrangell Indinn Institute
15 8 muskeg locally known as “Ski trail.”  Mueh of it for 2.000 feel
up the trail is treeless and wmoss-covered.  Over considerahle portions
of the surface the heaths are smadt and inconspicuous and the shallow
pools huve no drainage. The horders show in some plares donse
clusters of pine, hemlock, and “cedar;” in other places there seems Lo
be evidence thal trees were killed by local fives.

From soundings made at points between the upper and lowoer pOL-
tion of the Ski-leail muskeg, the structural featores of cross seetions
may be charaeterized as follows:

& 18 inches: reddish-brown spongy-fibroos sphagnm moss peat; i places the
amierial contains charred woudy fragments and thin black seams of eharred noss
peat;at the lower level are oeenstonal woody roots of conifers and hewths einbedded
it moss peal which varies in degree of deeompuosition ; the reaclion is strongly acid.

I8 586G inches: brown mnited fibrous sedge peat: il consists of fine reots and
Hattened underground stems from varions sedges and is defintfely lnminated;
between 36 and 40 inches below the surfaee ocenr stimps and Iat roots of conifers
overiyving a dark-brown partly decomposed sedge peat: the material prades info
firm reddish-brown fibrons sedge peat which contains o sandy adimixture near the
Mi-inel level and rests on

nf G0: sandy gravel of the elweneter of upoxidized glueind Lill with erratic
boutders,

MITKOF ISLAND

The most extensive and commercially important nerenge of muskegs
is that on Mitkof Island, located 111 miles northwest of Ketehikan
and 108 miles southeast of Juneau.  The accompanying sketeh nap
{fig. 4}, drawn from nerial photographs (84), shows the size, nccessi-
bility, and distribution of these areas of peat. The oblique aerinl
photograph (fig. 5) shows the muskegs along the harbor and ho
channel of navigation. In genceral the muskegs on the island slope at
n low angle and the reliel conforms to the undoerlying roek strueture,
The town of Petershurg, overlooking Wrangell Narrows, which sepa-
rates Mitkof from Kupreanof Islands, is located on the seawnrd
extension of o sloping muskeg.  Its principal industry is fishing for
balibut, salmon, crabs, and shrimp, and raising fox, mink, and other
fur-bearing animals.
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Exposures along Front Street and Hogue Alley within the town
limits reveal profiles that shrank greatly upon drainage; a typieal
sertion of these exposures is as follows:

At the hase i5 unconsolidated and unoxidized blhussh-gray glacial elavey and
sandy gravel; the upper partion of it consists of a thin seam of sandy sedge peat
which contains roots and rhizomes from Scirpus caespitosus, tussocky sedges,
Fguisetum sp., and herbaceous plents, seeds of Menyanthes frifoliaia and thin
woody roots.  Above the glacial till is reddish-brown fibrous sedge peat, matted
to felty fibered and more or less laminated: the layer is compressed, stands up

T=7] moss PeEAT ==] sen6e PEAT 07 WOODY PEAT

MGoRE G- Btructural eross section of muskeg at Petersburg, showing hottom
topopraphy und sequence of peat layers along o line {4) parallel with the slope
ond (B; at right anpgles to it. Nombers at top correspond to locations of
profile soundings.  Elevations are boased on one common datum of sea level,
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well i vertieal-walled ditehos and exeasations, and has a thickness of 6% feot.
I contains Mat-rooled stumps of conifer- at Lwo distinet evelss the lower stand
of stuimps Is relatively dense, aboul U feet above thie glacial i and eharacterized
by needles, burk, cones, and woody Fragoents from pine, Yeedar,” and hemiock:
the upper one represents o scallered light stand of timber approximately 3 feet
ahwrve the mineral salstenton, The present sufuee vegetation, belove its
removil, consisted of dwarfed pine in & grannd cover of sphigonm osses,
heaths, and other plants conunon to muaskegs I this Tocalily.

On the basis of preluninary soundings and obzervations in open
ditehes and cut bhanks in various other parets of the town of Peters-
burg, it was dectded to substitute for the records of Individual profiles
toset of teanseel cross seetions (/7Y inoan undrained aren and thus to
measure the dogree of varintion i profile features and determine the
general course of lormation and development.

The aren selocted comprised 5 acres. T is loeated in T, 58 8., R,
70 15, between sections 27 and 34, on a slope above the northern town
Hinits where peat lnnd conditions were relatively uniform.  Beginning
at lot corner I3 55 near H str., 31 mdividoal stations were established
i the Torm of eharted quadiats, G feol square, and placed ab intervals
approximately 250 (eel apart.  Thelr loeation and elevation above
<o lovel fmean Igh watee) were determined with the aid of 8 sur-
vevors chain, Abnoy level, and forester’s commpasy, respoctively, The
sonern] sequenee ol pent lavers as o whole,is presented tn the dinerams
shown in g 6, which are intended (o provide in seaphic form the
profile features thnt charneterize the northern line of the area paral-
lel wich the stope, and the eastern line at o rvight angle with the slope.
[o this, an attempt has been mnde to furmsh not only the necessary
informa tion lor inlonsive planning, but ulso {o show the chareter of
the different types of peat superimposed upon one another and their
relation (o the contour of the wnderlyving mineral snbstratum.

The prafiie eharaeteristies may be deserthed as follows:

(1 145 inehues; sphagomnn moss poat, asnaliy spotne in lextace; the upper portion,
in contact with preeipitation misinee is yellowish Lo reddish-brown in color, i=
well preserved, eonseeves minfall, apd has g reaetion of pi 40y the layer does
not oeewr unilorindy bul vories o thickoess and rarely exeeeds more thao 1
inehws in depthy the lower porfion, which s geaeediy at the lovel of the Hactunting
erommed-waler table. shows an admixinre of rools T sedges and coftopgrass
¢ Feiphorum s and ineludes the woody shoals aad roots of growing heathis such
as Fmprtewn, Lediwne, Sdroneda, Vacedednm, and the fat roots of small conifers
¢Pinps confortn i athiersy; decomposition prodoces a darker eoior and abtern-
tions in textore o watee-holding capaeily,

16 30 jnelies; sedge pend; e Baer bs ol good quality and consisls essentinfly
ol matted nelwark of fine roofs and fatleaed untierground stems derived from
a varioly of vushes and grasslike sedges (Carex iy, Sefrpas spel; the naterial s
Wrown in eolor, coarse Lo foity Ghered, mare or fess uninalod, nnd generally pro-
motes infillention and storage of water, nolighi-water tabie, and a reaction raging
from pH 4.5 te 3.5 . .

S 56 inebes; wosdy peat, made np chiefly of stuinps and vouts of counifers,
voarse woody frnpments from branches, baele wd smadld shenbs, with varying
nmenends of plant remains frow sedes; the material is dack brown in color and
yepresents o sparse prowlh of timber under condilions _(1‘1' lowered water levels
which Tovored seration and n fair degeee of deentniposilion,

5 90 inches, sodge peat, Lrown, inely Ghered, firm, lending to beeotue Iritile
when dey; the plant renmins are more o fess elearly diseernible in the eonrser
fibrons, velowish-heown materiad which ovenrs ab Jower depths and is saturnted
with water, o

96 102 inches; woody peat, dack brown in eolor and eonsisling of Hab-rooted
atumnps of o mixture of hewlock, “eedar,”” spruve, aned pine, well disintegeated
ernmbly granular materind, needles, cones, hark, fallen thuber nnd corrse woody
fragmmnents which show e decompusing netion of ajr and micro-organising; the
laver is derived from oo eoniferous swmnp lares] thal repebed its development on
stmllow peat under condificis Duvorahle Lo free growth,
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102-120 inches; sedge peat, brown, felly fibered, somewhal compeeled and
parbially decomponed; the materinl is grayish hrown and sandy at the lower tevel;
it contains seeds of buck bean (Menyoanthes irifeliatn), coilodial organic residue,
herbaceous plant remains, and touls and rhizomes which extend into the under-
Iying mineral substratum.

126+ incles; gray to bluish-gruy sandy and clayey gravel,

This record shows that peat formation has been continuous in all
probability since the retreatl of the local glaciers; that sedge peal of
good quulity accumulated in considerable thickness, absorbing water,
retarding its runoff, and storing it to the point of saturntion; that a
change of water level intervened twice during the formation of &
woody peat composed largety of material {rom two conifer forests;
that the stand of timber in the older forest at the lower level was
fairly dense and consisted of a mixture of hemlock, pine, “cedar,” and
spruce, while the succeeding lorest near the 4-foot level ghove the
g&aciai till was of slow and open growih and in small patehes, hemlock
heing less abundant; that the present type of timber at the surface is
mainly lodgepole pine, stunted, slow growing and widely scattered;
and that sphagnum mosses have appeared only relatively recently in
muskegs, 1s o readjustment consequent to poorer nutritionsl condi-
tions that did not exist in these localities during the accumulation of
sedge peat and woody peat below the surlace near the base. These
interesting relationships serve to tustrate how stope muskegs represent
succossions of several peal-forming types of vegelution superimposed
wpon one another,

1t is relatively casy to sopregate the structural features into layers
of peat formed by sedge marshes, swamp forests, and sphagnum moss
hogs, but a classification of muskegs cannot be based on the assumption
that the present surfoce vegelation and the texture and other charac-
teristics or propertics of the peat material just below the surface
express significant differences.  They assist in the understanding and
correlation of the [acts nocessary f{or a comprebensive view. It is
important to recognize clearly that a serious study of the complex of
factors and correlations has bardly begun. It is elear thai classifien-
tion and use capabilitics of muskegs must be worked oul on a different
hasis. The problem must be approached not merely from a deserip-
tive point of view but slso from that ol history and particularly of
former environmental conditions of peal-forming vegetation.

MIFEOT HICGTWAY (N0, 0

1t is inderesting to note that expuosed cuts and soundings made in
muskegs along the Mitko! highway, about 11 miles southeast of
Petershurg, show profile characteristics that are essentially alike to
the stope muskegs discussed above and to those in localities south of
this district. The convexity of the loeal mushkegs is due mainly to
the forin of the underiying mineral substratum. The surfzce vegeta-
tion is quite similar except that aguatic species of sphagnum mosses
are relatively abundant in pools of water. Typical forms are Spagh-
aum cuspidatum and S. squarrosum, the former dominant nlse in
wet depressions between hummocks. The more conspicuous hum-
mock formers are S. fuscum, S. rubrum, S. medium and 8. papillosum.
They accumulated in pluces a thickness of 20 inches of moss peat,
grading into a vellow-brown fibrous sedge pent below the second foot
level. The structural features of a typieal cruss section include
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feltv»hbe:e{a, more or less luminnted sedge peat, hrown, with 2 reaction
of pH 5.0, and two separate luyers of woody peat containing flat-bused
roots, stumps, and fallen simber derived froin conifers. At the base
is o sandy sedge pent, and the minernl substratum near the 9-foot
level vonsists of sandy gravel overlnying bluish-green fine sand and
silty clay.

KUPREANOF ISLANG

Kupreanof Istund is separnted [rom Mitkof lslatid by o narrow
tidewnter passage.  On the north end of the istand are small mountain
ranges uof which the one near Kake village has sumimits reaching alti-
tudes of 3,000 {ect, while the other just west of Portage Bay includes
peaks 2,500 feet tn elevation. A low pass from Portage Bay to the
hend of Duncan Cunal seperates the eastern from the western half
ol the island.

LINDENRERG (N0, 0}

The section belween Dunenn Canal nond Wrangell Nurrows nearest
Petorshurg is densely woeded with bemleoek and spruce.  An excep-
tion ure the muskeys sttunted on the Lindenberg Peninsula it the
low pass between the tidal waters.  The border of the muskegs has
serttered lodgepole pine but there does not seem o be any evidence
that trees were killed by fire.  The muskegs extend for a distanee of
about 3 miles on a slope of modernte grade. Sedges, including
Seirpus caespitosus and species of Juncus, (rer, 0 lew cottongrass,
reindecr moss lichens ((fadonia rangiferine and others) und Fmpetrum
nigrum, Kelmia polifoliv and severd spectes of Vaceinium, arve the
charaeteristic vegetative cover of this area. Sphagnum mosses are
not deminnnt; thoy crcur i small huaunocks on whieh are found also
Drosera rotundifolis, Rubus chamaemoras, Cornus canudensis, Pingui-
el sp., Lycopodium sp., nndd a fow ferns. There awre numerous smail
shullow pools of water at different elevations, varyving in size and
turbidity; some cvontain vellow water lily, othets support Menyenthes
irifoliate or pond weeds; the water is pH 5.0 in reazction and shows no
evidence of drainmge.  An interesting feature is [unnel-shaped de-
pressions resembling those mentioned by Aver ({) in bis report ou
Canadian peat areas.  They are found rarely in the peat depsoits of
continental United States. The funnel exnmined n this muskeg
has a brond upper and & narrower lower conical form of irregular
shupe.  Ifs position is on the side of o sloping channel. The e.\posed
profile section shows no disturbance except that the pent material
in the depression is somewhat tore decomposed than that of newly
eut sections. There appears o be no subterranean channel sipee
the water level stands 4 to 5 feet below the surface, It seems probable
that the funnel is the result of water flowing from thawing snow and
lee, or heavy rains eroding peat material that is considerasbly looser
in texture than elsewhere.

Profile samples were taken at I-foot intervals from the surfuce to
the bottom in several muskegs located on the slope. They ranged in
depth from 6} to 10 feet but the deeper ones appenred to be more
waterlogged. The vertical sections show the following changes to
have taken place during the lormation of the peat deposits:
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0-3} feet; sedge peat: the upper 10 inehes consist of dark-brown partly decom-
posed fibrous sedge peat having a reaction of pH 5.0: embedded in it are varving
amaunts of light yellow-brown sphagnum moss peal, woody roots from henihs
and serubby pine, roots and rhizomes of the growing sedge-grass vegetatian:
the material below is reddish-brown fibrous-matted sedge peat and relatively
free from woody fragments; it acecumulated under conditions when trees could
not establish themselves.

3%—4 feet; woody peat with stumps and flat roots overlying dark brown,
crumbly, moderately decoimnposed sedge peat.

4-5i feet: sedge peat: brown, felty fibered, acid in renction, with oceasional
wooedy roots from shrubs and bits of deeiduous leaves.

H4—b feet; woody peatl, very dark brown in celor: containg well decotnposed
organic residue whieh is granulur but more or less plastic: stumps oceur af the
lower level.

-7% feet] sedge peat, yellowish brown, fibrous, grading into dark-geay sandy
sedge pest.

Tia feet; gray sanely gravel, giving a reactinon of pH 45 to 6.0,

IMBRTAGE BAY (NeL 11)

Similar profile scetions were noted at Portage Bay in & muskeg
located about half a mile southeast of the bay on the trail to Peters-
burg Lake. The Portage Bay muskeg is five-layercd and its depth
18 8% feet at the deepest place. The profile consists of sedge peat and
two layers of woody peat at the 5- and 7-foot levels respectively.
1t is to be noted, however, that the sedge pent helow the 3-foot rnd
7X%-foot levels contains an admixture of well preserved light yollow
brown plant remains from Hypnum mosses. The underlying mineral
substratum is a gray tinted sandy gravel,

KAKE (NO. 12)

The muskegs back of the cannery and the first and second dam

at Kake are less necessible and less typical. They vary in thickness
of layers and in depth te the mineral substratum.  The upper portion
of the sedge peat contains small amounts of moss peat but many
woody roots and shoots from lieaths; much of the material below the
surface is waterlogged and contains timber which meke it difficult to
obtain profile samples.

HAMIDTON BAY (NO. 13)

At Hamilton Bay on Kupreanof Island a muskeg occurs on the south
shore at & point about 2 miles east of Point Hamilton. It is located
close to the beach and surrounded in places by an outetop of con-
glomerate Tertiary rock. Profile soundings indicate that the layers
of peat accumulated in u loeal basinlike depression. Depths to the
mineral substratum range from 2 and 6 feet near the margin to 11 and
14 feet in the decper parts of the peat uren. Scattered stunted pine
and & complex of low heaths modifly somewhat the appearance of
convexity which is evident in the ¢entral section when observed from
the floor of the helmock and spruee forest around the muskeg. The
topography of the surfnce and that of the underiving mincral sub-
siratum on which the muskeg developed, have not heen determined
with survevor’s instruanents; henee it is diffieudt o state whethor the
aren represents a raised or a tlat type of muskeg,

Sphagnum mosses have {ormed large and firm hummoeks in which
grow sundew, low cranberry, Canadian dogwood and Fmpetrum
nigrum. 1In places of that kind the living sphagnum mosses can
rendily be colleeted with rikes or other picking devices and the eleared
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arens, when properly cared for, should be used to propagate the
mosses for future harvesss.

The vertical profile structure of the Hamilton Bay muskeg is rela-
tively simple and shows the following leatures in the deeper sections
of the area:

€20 inches; moss peat; yellowish to reddish-brown, spongy, varying in thick-
ness from 12 to 15 inches and prading inlo o veddish hrown slightly décomposed
moss peat which is strougly acid ot the lower level

20-125 inches; sedge puat; the upper portion consists of u mixture of moss and
sedge peat, is waterlogged, and eontains o few woody toots of shrubs) the material
al the 30-inch level {s brown, Ghrous, matted and rother firm; newr the 70-inch
tevel oceurs sa adutixbure of woody fragments in brown partly decomposed sedge
peat; the material {from the 82-inch to the 96-inch Jovel includes yellowish-brown
well-preserved plant vemnins from Fypram mosses: it grades into o, brown fiem
felty-fibered sedge peat, which is sandy underneath the 120-ineh level,

125138 inehoes; sundy groval over hluish-tinted silty einy.

Muskecs av rue Juneavr Disrricr

In common with most of southenstern Alaska, the part of the main-
land on which Juneau is situated and the adjacent Douglas and Ad-
miralty lslands are a portion of the rugged mountain mass that had
been heavily ghiciated.  The islands have no glaciers at the present
time but several glaciers still remain on the mainland north and east
of Junean, among them Mendenhall Glacier, Lemon Creek Glscier,
and Norris Glacier.  Mountain crests within 3 or 4 miles of the coast
stand 3,000 {eet above sen level, and a few rise o an altitude of more
than 4,000 feet (22). A dense forost growth covers the mountain
slopes to an altitude of about 1,700 lect and shelters a varicty of
muskegs, lnkes, ponds, and wildlife.

There are large salmon canneries on the nearby shores, and fiu-
bearing animals are raised there und on 2 number of islands leased
from the Forest Service.

Agriculture is entirely for local needs and consists of (lairying and
growing garden vegetabies and small fruit.

DOUGLAS ISLAND SEI THAIL (NG, 1d4)

On the slopes of Douglas Island, which is separated from the main-
land by Gastineau Channel, the muskegs are of a character somewhat
difterent from the types shat cover the general surface of the country
around Juneau. The island is forested with hemlock and spruce
which extend up to altittdes of approximately 2,000 feet.  An under-

rowth of blucherry brush (Vaceindum sp.), devilsclub (Oplopanasr
warridus), siutnl{cn.b'lmgv (Lysichaton camtschatcense), elder {Sambucus
leiosperma), Menriesia forruginea, forns, and others are prevailing
features of the forest. Isolated lodgepole pine, small and stunted,
ure characterigtic of the open moss-sedge muskegs which are too wet
for other conilers,  In transition zones which are usually found about
the marging, the forest trees are serubby and ericaceous shrubs are
deunse.

The minerai soils of the better type of forest near the shore of
Douglas Island are characterized by the presence of a thick needle
and feafy litter which is poorly decomposed for the first 4 to § inches;
the second horizon of 2 or 3 inehes is dark brown and more or less
granuiar, well decomposed organie residue with woody [(ragments; it
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is sharply demarked fron a gray leached coarse sandy clay about § to
 inches thick; below that is dark rusty-colored sand, presumably
stained by iron and in places rather cemented; it shades into light-red
sand and gravel which merges with a gray coarse sandy gravel at a
depth of 2 feet or more below the surface.

At a point opposite Juneau, a ski trail renders several muskegs ae-
cessible as [ar up the slope as the pipe line whiclh carries water Lo the
town below.  Bevond that poini the trail is indistinet and the muskegs
which eover the higher slopes wore not examined. However, essen-
tially the sume general chavacter of vegetation forms the basis of all the
local slope muskegs. They have an abundant growth of scdges,
patehes of sphagnum mosses, and mixed communities of low shirubs
usually consisting of several species of heaths,  Sphagnum mosses do
not form a continuous cover and the accumulaiton of moss peat oceurs
only in oceasional hummocks.

Soil-profile development in the muskegs is so marked i its infaney
that no appreeiable differentiation into horizons ean be observed.
Peal accumulation is continuous, the watet tuble is generally ol or near
the surface, shallow pools of water are common, and the pH value
ranges between 5 and 5.5, The annual addition of plant remains from
the low-growing herbaceous vegelation, already mentioned elsewhere in
this report. merges into a vellow-brown fibrous mixture derived from
raols and rhizomes of sedges with material [rom sphagnum mosses and
beaths, The decompesition of the plant remains is greatly retarded
pwing Lo the lack of acration, soluble salts, and the activity of micro-
organisms, Woody shoots and voots from heaths and pine have their
best developnient at a depth of about 10 inches below the surface.
From the sceond to the fifth foot level the organie material consists of
reddish-brown, fibrous, matted sedge peat which merges into the un-
derlving brownish-gray sand, containing reot chammels.  Below it
the mineral material is gray. bluish-linted, sandy gravel to 5': feet
from the surleew.

Bedrock expaosed on the islaud is a slate and graywacke with some
sreenstone (21}, Influences associated with [rozen subsoils or wind
and voleanie netion have not heen observed in the profile sections and
are not known to exist in this region.

JUNEAL MAINLAND

['his section of the distriet consists of a narrow strip of country lying
beltween Gastineau Channe! nnd the high peaks of the Coastal Range.
10 is composed of ridges with a northwest trend purallel to the const,
and rising more o less steeply from the water's edge. Forest of spruce
and hemlock grow in protected localities. in valley botioms, and up to
altitudes of nearly 3,000 fect.  Muskegs occur mainly on the glacial
(i1l which covers the bedrock of the region; they are found at a number
of loculities along (he const but are believed to have a much wider
distribution inland.

GABTINEAL CHANKEL (NO. 15}

On the highway from Juneau to Mendenhall Glacier a cut which
was made in constructing the roadbed, exposes the portion of a nwskeg
at a point approximately 7.2 miles northeast of town. Rigg (33) has
listed its vegelation eover and deseribes the general character of the

peat aren as a raised moer which developed In 2 saucer-shaped de-




26 TECHNICAL BULLETIN 769, U. 8 DEPT, OF ACRICULTURE

pression and consists ol three layers of peat- sedge, wood, and
sphagnum.

At the time the arco was examined by the writer (June 1939) a
spur road, leading ot mile 7 fvom Glacier Highway to Gastineau
Channel exposed a fresh cut of the muskeg which revealed the entire
profile (fig. 73, Soundings made along the north side of the peat area
on Glacior Highway eorrolated with the profile features of the eastern
portion where the raised muskee extends toward the beach. The two
cross sections show that the muskeg developed on a flat which al
presenl has an elevation less than 7 feet above mean high water, and
that a portion of the fiat nppears to have been covered nt oue time by

Ve £
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Frevme 7.— A fresh eut of the raised mnskeg enclosed by a forest on Gastineay
Channel near Juncau,

Lha tidal waters of Gastineau Channcl al least several feet bigher than
the present sea level. The cvidence consists in o variety of lnrge
mavine shells [rom bivalves which were buried when sedge peat began
to nccumulute. The profile section displays also the remains of old
forests al two levels, the lower one 3 feel above the mineral substra-
tum, the upper about 2 feet highor. The woody peat at the lower
level is dark brown in color and contains well decomposed granular
organic residue as well as noedles and woody material from conifers;
the sbumps in it vary in size and are a mixture of hemlock and spruce.
The woody peat of the middle layer is less well decomposed and in
places charred, indicating the existence of drought und fires at that
time.

Figure 8 records the sequence of 1 good quality of moss and sedge
peat layors and the stumps of the buried middle forest in the upper
portion of the cul exposed on Glacier Highway above mile 7. The
material at the surface is reddish-brown, spongy, sphegnum moss poat
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of good quality; it represents a growth of hummock-forming mosses
an(% contains none of the woody components, fibers of cottongrass, or
seams of decomposed plant remains that cheracterize wet depressions.
In other vertical sections the moss peat represents a more complex
development; it varies in thickness from 3} to 5 feet and merges below
the 5-foot level into a mixture of sedge and moss peat, yellow tc
reddish-brown in eolor. The fibrous material between the two forests

Mevnre 8—Pholograph of profite section of the muskeg oxposed near Juneau,
showing roots of spruce and fallen {imber of the middle forest on sedge peat
and huried by & subsequent acenmulation of sphagmon moss peat.

consists of gray-brown, felty-fibered sedge peat while that near the
bottom of the muskeg grades into sandy sedge peat with iron-stained
root channels. It merges with & bluish-gray sandy clay, firm and
mildly slkaline in reaction (pH 7.5). A tough glacial till, obviously
derived from a former tributary of Lemon Creek Glacier, covers the
bedrock of this region, and marine fossils are found at a number of
loenlities, Marvine shells have been reported by Xnopf (22) and are
believed to have a much wider distribution inland, slthough generelly
concealed under peat.

There arc several reasons for giving this muskeg a unique value,
A feature of great interest is the fact that the period when the shore
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of Gastineau Channel was free from ice and subsequent high tidal
water was brought to o close by an advance of vegetation. Parts
of the channel shore undoubledly became forested from the timber
line to the water's edge. As in the forest of today, the tree species
were hemiock (Tsuga heteropladle, T. mertensiana) and Sitka spruce.
But the superimposed ancient forests Lhal grew at two levels on sedge
peat and replaced the original sedge marsh may possibly indiente 2
general change in dramage or climatic conditions, or both. It is
probable that the local ice movement included a number of advances
and retreats. During a retreal, eondilions favored decompositton
of sedge peat nf the surface and permitied {or a time the invasion and
growth of conifers, The timber was in turn buried beneath a layer
of sedge and finally by moss peat, which accumulated during the
later course of events that terminated the suceessional development
of Lhe previous major groups of vegetation.

In this conncetion the interesting question suggests ilsell, whether
the ancient lovests buried in the muskegs of this district and elsewhere
in Alasica are contetuporancous with the intergiacial forests roported
by Cooper (7) at two levels in the morainal gravels of loealitios
recently uncovered by the recession of glacters in Glacier Bay. It is
guite possible that the advance of ice which buill up the gravels 8t
Glacier Bay, and the lemporary recession of the ice during which the
superimposed {orests camne into existence in muskegs, represent reeoend
stuges that ean be corrcluted, The development is measuwrable and
may nel vary considorably in age, bul must await further evidence
for solution {(p. 32).

HERRBICE RIVER (NGO, 16

In the gravel-llooved vailey of Herbert River, which like Bagle and
Mendenhall Rivers is ol glacial origin, several muskegs occupy oxton-
sive flats. They support dense growibs of coltongrass and buck
bean, as well as quaking mals composed ol sphagnum and hyphum
mosses with sedges in the low and wet ploces, alse isolated groves of
dwarfed spruce and heaths (g, 9). Willow-alder thickets with an
undergrowth of ferns, iris, oreliids, lupine, and other herbs oceur on
the intervening sandy ridges.  From these ridges the less favorable
nreas have been and still are being invaded by a preliminary extension
of alder thickets in certain places, and diveetly by sproee, pine, and
heaths in others.

That cotiongrass has been active in the Tormation of peat, and that
the guaking-mal stage has been of Iairly longer duration than the
thickets and conifor stage, is apparent in the comparative thiclness of
vertical profile sections. From the suvface Lo a depth of G feet the
material consists of a yellowish-brown, coarsely fibrous and matted
network of rootlets and rhizomes from sedges in which are embedded
the leafy stoms of sphagnum and hypoum mosses.  The layer is appre-
ciahly looser on the downstream side of the valley and less acid in
reaction (pH 5.5) than elsewhere,  The underlying mineral substratum
18 gray sandy gravel,

The advance of sphagnum messes, henths, and conifers has taken
place in this region more rapidly west of the valleys along the coast.
Between Favorite Cheannel and the mountainous background, par-
ticularly near Auke Bay and Pearl Harbor are flat mushovs from which
samples of peat were collected in the hiope of Obtmmmr further
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evidence bearing on-the recent origin of sphagnum moss peat. Exwamn-
ination of the maferial indicates clearly that layers of moss peat
do not occur in the lower bulk of the peat when muskegs begin Lo
develop. In the river valleys ground water is the most eflective
control of the growth and composition of marshy vegetation and the
character of peat lavers formed by them. Farther west and near the
const, rainfall and humidity are of most importance in promoting the
spread of sphagnum mosses and in determining the nature of the peat
material and the structure of the muskeg,

LOGE HOADR (NG, 17

Noar the junction of Loop Road with Glacier Highway at mile
12,8, a cul was made in 2 muskeg situated along the road about 150

Tigcure 9.—Dense growth of cottongrass (Eriophorum sp.) forming a quaking,
mat which is the first stage in the development of muskegs on the gravel-floored
valley of Herbert River at mile 26 of Glaeier Highway near Junesu, Alaska.

leet from the Auke Bay store. There has been considerable disturh-
ance in the natural conditions of the peat deposit but the vertical
profile seetion exposed on the west side of the road reveals a surfaee
layer of brown sphagnum moss peat of varyving thickness which has
nol contributed as yel Lo the development of a convex, dome-shaped
surfuce, Below the 16-inch level is a complex of moderalely de-
composed granular materinl with woody rvoots and stumps of the
growing trees and shrubs.

The underlying sedge peat is felty fibered and reflects in its chorac-
ter very little varistion in decomposition and consequently little
change in wet conditions. At a depth of about 4 feet below the
surface occur stumps and charred woody peat indicating former drier
conditions and the effects of fire. In the basal purt, soward the 7-foot
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level and the underlying glacial till, the alternating lavers of sedge
pent wil woody peat are evidence that the development und struti-
graphic features of the muskegs of the whole district took place in the
same order and are synchronous.

MONTANA CREBE (%0, 15)

The narrow valleys of Montana, Windfall, and Cowee Crecks, ex-
tending parallel (o the coust northwestward of Juneau to Berner's
Bay, are forested with hemlock and spruce but diversified by muskegs.
The peaty areas are located usually on the llats or bonches and
support & covering of sphagnum mosses with # dwarfed open growth
of heaths and lodgepele pine. The muskeg at Montana Creek s
npproximaiely 16 miles from Junean, larger, and more easily accessiblie
[or economic development thar any of the other pent nrens examined
in this steip of territory.  The recent construction of 1 government
highway up the main valley of Montana Creek passes through this
deposit and conneets it with Junenu,

A study of the growing vegetation, though leaving muceh to he
desived for completeness, shows that sphugnum mosses are in the
main the really effective peat formers.  The surface of the enised
portion of the muskeg is not uniform bhut consists of allernating
hummocks and hollows inhabitated by different species raising the
fevel of the water table as the plants grow upward.  Of the sphagnum
mosses inhabiting drier situations, the most prevalenl are Sphaguum
aculifolium, S. fuseum, 8. rubrum, 8. medinm. 8. popitiosem, (he
lntter species contributing Lo the progressive dovelopment on the side
east of the rond. The surface is dome shaped und has the appearance
of n raised muskeg,  Stagnant pools of waler nnd secondury small
ks of frregulur paliern eaused by various modes of arighy, oceur in
several places: some are borderad with sphagnum mosses (Sphagnum
cuspidatimy but aquatics such as Potamogeton sp., Myriophyltum sp..
Caltha patustris, Utricilaria pudgaris, and Naypnplaed polyse pala aro
rare.  The wet portions of the muskey support a few elumps of
sedges  (Carer paweifiore, (" limosa, €' spectabilis, Friapohorum
chamissonis) some grasses {(Calamagrostis seabray. and various horbs
sueh as Hippuris oulgaris, Nephrophyllidivm erisia-galli, and Galium
trifichem, bul these are the least imporiant as contributors io the
fermation of pent. Individual serubby mountain hemiocks grow in
fanshaped {orm on the wetler sites of the muskeg.

From the soundings and samples of profile seetions examined, the
Montena Creck muskeg gives evidenee of having been originally
sedge marsh which later supported some timber bul was soon replaced
by sphagnum mosses,  The arrngement of its layers is practically
the same as may be seen exposed on the flal war Gastineay Channel,
except thal the layer of wondy peal from the second superposed forest
is not well developed.  The surface layer of moss peat is velatively
thick and exeeeds in extent and amount. the moss peat in the Gastineau
muskeg near Junesu.  The eharneter and distribution of peat layers
are indicated in the following generalized profile seetion,

-0 feet; sphagnum moss pead; the sarfiee is spongy, well preserved, typieally
reddish-hrown, fairly compact and pl 0.0 in reaction; there nre present vertically
clongated components of fhroas materind from miosses, collongrass and other
sedges and severnl thin, sharply defined senms of dark brown and more decort-

posed moss peri wihich represeni materia) that was formed o shallow pools of
water; Ghie luyer is moist below the 2-foot level and containg methane s,
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6-17 fect; moss peat with an admixture of plant remains, roots and rhizomes
fromn cottongrass and sedges; the material is atted fibrous, generally free from
colloidal organic residue, brown in color with a vellowish tint; at the 15-foot level
it is moderately decomposed and contains some woody fragments but no develop-
ment of a woody laver of peat; below it oecurs Hyprum moss peat, yellowish
brown in color, turning to a very dark brown upon exposure to the ajr,

17-20 feet; sedge peat, gravish brown, puartly fibrous, composed of fine ruots
and flat underground stems of sedges which appear to have spread over shallow
water; it contains woody fragments from shrubs and timber und granular matter
representing the remaing of a tree growing vegetation transitional in charaeter;
nt the lower level the sedge peat contacts with the underiying mineralsnbstratuni.

20 fect, gray fine micaceous sand on sandy gravel,

Avound the margins of the eonvex portion of the muskeg the ma-
terinl consists of sedge and moss peat which is cousiderably fibrous
and more or less woody.

Peat resources of the raised muskeg iyvpe have not received due
recognition, The Montana Creck muskeg is well suited for the
manufacture of peal products.

its drainage will depend in part on the lay-out of the manufacturing
plant but should be carried out gradually.

LEXA BEACH (X0.19)

In the vicinity of Lena Beech and Glacier Highway at mile 17.5-
the muskeg cut by the road represents less advanced conditions in the
spread of sphagnum mosses. The general surface is dome shaped,
and thinly covered with stunted conifers. Hummocks of sphagninn
mosses are common.  Among the herbs are specios of Dresera, Bubus,
Muaianthemum, Lycupodium, {ornus canadensis, Oryeoceus microcar pus,
fruticose lichens of the reindeer moss type, and others.  The shrubs
include species of Vaceinium, Ledum, Andromeda, and Kmpetrwm
nigrum. The depth from the convex surface elevations on the west
side of the road to the underlving mineral substratum is 14 feet, The
strueiural profile features of the muskeg and the possible changes in
general environmental conditions that may have affeeted the region
during the period of peat aceumulation can be stated as follows:

0-3Y feet; sphagnum moss peat, brown, yellowish tinted with thin gemns of
darker culored material due 1o loead variations in pockets of water and shallow
pools and in uneven decay cansed by hyphae of eertain lHehens and alpae.

318 foet; moss peat wilh an adouxture of roots and rhizomes from sedges,
relatively well preserved; this material and the layer abuve it, support the view
that seenmulation took place during a eompuratively eool and woist period.

& 10%a fecl; hrown fibrous sedge peat, felty fibered in testure; the row naiure
of the material seems to indicate u moist but relatively warm period and high
ground-water levels which [avored an inerease in the quantity of root and rhizome
ttevelopment

1013 1115 feet; woody peat, dark Lrown m color characlerized by stumps of
canifors which advanead over the peat area during a relatively dry and warm
period.

11%—18%; brown fihrous sedge peal which eontains organic seditpents formed
i shallow bodies of witer and plant remains from Hypuum mosses in o well pre-
served vondition; the appearunes of the maieriad suggests a Ligh water tabie and
n moist perivd which wus possibly cool.

1315 (4 feet; dark-hrown woody pent with stumps of conifers in a we'l decom-
posed black granular resicdiue whieh is silty at the lower level and praces into a
dark-gray fine sand and gravel,

Judging by the character of the peat layers, the period during which
the woody peat accumulated was probably wurm and dry, the area
refatively well drained, and the timber in the cnrlier time of a better
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growth than that of the plant cover of today. Sphagnum mosses, on
the other band, did not appear and did not hegin to spread until
relatively recently,

In view of the essentinliy identieal sequenee aud character of layvers
in the muskegs of southeastern Alnska, it seems possible that o method
is available to determine whether the alternating dricr und wotter
conditions were synchronous over a wide streteh of country, and
whether the aneient forests exposed at two levels in the gravel blufl
near Muir Glacier at (acier Bay give evidenee of changes in elimatie
conditions and may be correlated with the two superposed Forests
that originated probably at corresponding perinds in the muoskegs, It
is more than probable that the environmental conditions deseribod
above may be correlated with these that aflected Europe in post-
glacial time.  In that case the early dey warm period when forests
sproad over drving sedge pear would correspond with the Bareal
period ; the Tollowing moist and probably warm period, whieh encour-
nged the developmient of sedge marshes, with the Atlantie period; the
next dry warn period and its invasion and spread of forests, with the
Subboreal period: and the tast moist and ecool period marked by the
spread of sedges and sphagnum niosses, with the Subatlantie period,
In the present period forests are azain invading muskegs.

In geologicai and ecological liternture (5, 7V there are frequent
suggestions that the glaciers in the northern hemisphiore are receding
and that vegetation iy be undergoing the readjustments consequent
upon the restricfion of glaciation n Alnska te mountainous areas and
of aretic conditions to polar regions. The gradual spread of conifers
into muskegs, and the advunee of the timber line northward, deseribed
by different writers (7. 19, 273, justifies the conelusion that the present
time is possibly o stage approximating the wormer aid drier conditions
which extsted at earlier intervals,

PEAT RESOL RCES IN SOUTH-CENTRAL ALASKA

South-central Aluska includes islands and the centenl portion of
high mountain ranges which encirele Prinee William Sound  and
resemble southesstern Alaska in plvsiography, climate. and vegota-
tion; and also the adjacent large watersheds which extend inland to
centreal Aluske,

The Chugaeh National Forest is the timber belt along the coast
and on the right-of-way of the Alasks Railroad befwoeen the towns of
Seward and Anchorage.  Grant and Higgins (£8) deseribed the topo-
graphic features of the coust as roeky and precipitous, with elevations
from 2,000 to 5,000 feot, rising rapidly to the summit of the Chugacl)
Moontaing, which reach aititudes of over 10,000 feet.  Most of the
higher valleys are ocenpied by glaciers many of whieh extend down (o
sea tevel. The shorve Hine is broken by a sucecession ol bays, inlets,
and arms of the Sound, washed by the warm waters of the Paceifie,
Apruce, hemloek, and 2 smadl amount of “eedar’ are the prevailing
lorest growth, and the very sinuous coast line makes much of the tim-
ber as well a8 many muskegs aceessible.  There are considerablie
deposits of ummodilied and wellsorted glucial matervial, the latter
[requently varied, and much of the sand, gravel, and silt in the
broader valley flats hins been spread out by streams flowing from
the melting glaciers,  The prevatling rock formation is state wl grav-
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wacke with only- a thin covering of soil on rock outerops. Fishing is
the chief means of community support, centering around Valdez, at
the head of Port Valdez, and Cordova, on the east shore of QOrea
Inlet.

The level and rolling lands that oceur inland in the valleys have a
light forest cover and & climate not unlike thet found in the northern
tier of Prairic States. Preecipitation is moderate and the summer
seasons are short but rather warm. The Matanuska agricultural area
is located in one of these valleys in the vicinity of Anchiorage. Vege-
tables, root crops, and hay are the principal products supplied to
mining and other communities along the Alaska Railroad.

The region has two important gateways into the interior of Alaske---
the federally owned and operated Alaska Railroad, which extends
from Seward to Fairbanks; and the Richardson Highway, whieh loals
inland from Valdez to Fairbanks and, by way of the Steese Highway
to Cirele on the Yukon River. Formerly, a railroad connectecd
tidewater at Cordova with the mines on the headwaters of the Copper
River drainage area, but now the road is no longer in servige,

Muskrcs oF Tue Cornova Disrrict

The Cordova distriet comprises the casterumost area of Prince
William Sound between Port Valdez and the Copper River. It has
much the same climate as that of the southern coast but its topo-
graphic features are varied in places by lowlands, small lakes, lills,
and groups of rugged mountains. The principal valleys are of glacial
form with deposits brought to their present posision chiefly through
the ngency of glacial ice and water,

The most extensive embayment along this portien of the coast is
[ormed by the Copper River delta, a broad gravel and silt-Hoored
lowland with shoal waters which extend for some distanes senward.
Nearly all of the tributaries of the river head in glaciers and carrv
heavy depostts of glacial silt, sand, and gravel during flood stages in
swmmer.  The lowlands are in part timbered with spruee and hem-
lack extending to an altitude of about 3,000 feet, but on some of the
islands in the river and adjacent Hats the growth consists ol cotton-
wood together with some white bireh, spruce, and marshy muskegs,
The track of the abandoned Copper River Northwestorn Railroad
erosses the delta, making it possible to examine peat-covered areans
in a number of localities.

COPPER RIVER {NO. 20)

The lower course of the Clopper River differs in topographical
features from deltas generally found elsewhere. There nre many
shifting and anastomozing branches of the river, bars, and dune-
shaped hillocks seldom more than 15 or 25 feel high, and shuliow
hasins of varying size in which oceur ponds, marshes, and transitions
to muskegs. None of the peat-forming areas are of any depth and
most of them may be deseribed as flul, lying on sandy silt and gravel
far enough from the seashore no longer Lo be reached by tidewnter,
They are of particular interest, however, for an understanding of any
essential differenees between the origin of muskegs formed in cavlier
perinds and those that are developing al the present time,

28708 1——3
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The distribution of peal-covered areas is not indicated on any
topographical or geological maps of the distriet and for this reason any
neeount of their location must necesswrily be approximate. A num-
her of them have been examined along the railroad, but owing to the
scarcity of place names they are indicated below by the nearest mife-
post and described in terms of developmental changes,  In this case
it is also very important to have pn necount of the origin of muskegs
based on necurate knowledge of the nature end quality of the basal
layers of peat.

Al mileposts 22, 28, and 34 vast of Cordova occur bodivs of shallow
open water whiclt support chiefly buck bean.  The accompanying
plants, in order of (hetr abundance, ave species of fSguisefum and
Carer Logethor with Puotentifta pafustris.  'The veneral agquatie vegela-

Froouwe 1G-- A pure staod of buek Bean {Menganthes rifoliata), n second stapgoe
in muskeg development, seeupying shaliuw water in the flats of Copper River,
Alaska.

tion of the ponds is not prolific when compared with similar habitals
further south; there is a scaveily of algae wnd of (ree-flonting or sub-
merged pondweeds and other plant life. The closely standing plants
are anchered with rootstocks which spread over firm sandy silt {fig.
101 and give rise to a conrse-libered and matted network of roots and
rhizomes in waler standing knee doep,  The reaction of the water
and the organie meterial s around pH 7.0, The marging ure fre-
quently bordered by a nareow zone ol sedges, followed by various
speeivs of willow and alder thiekefs.

Between mileposts 7 and 19 oceur several well-defined  sedge
marshes (fig. 11). The vegetation consisls of Carer lyngbyei, C.
aguatitis, and O stricte wilh n lesser amonnt of FKleocharis palustris,
NMdenyanthes teifolicte, wnd spocies of Jwneus, Scirpus, frioplorum,
and Fygaesetum. The water fevel is adl or slightly above the surface,
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and soundings which were made at various pleees indicute UPPLoXi-
mately 18 inches of fibrous sedge peat; the material is yollowish-brown .
with a grayish tint from the admixture of sil; it contains rhizomes of
buck bean at the lower lovel and severn! thin soams of fne sand: thoe
underlying minera! substratum is firm fine sund contatning gravel.
The reaction of the organic matter is ounly slightly acid, varying
between pH 6.0 and 6.5, The contrast of (his form of vegelalion,
and the work accomplished by it, is very striking when compared
with contiguous bodies of waler which are only beginning to be
colonized by buck bean and sedges, and with the older sedeze marshoes
in nearly pure stands which transformed the sandy fluts inlo peat-
cavored areas.

Similar marshes oceur noar mileposts 24, 25, 35, and 37, bul they
show patches of scrubby willow and alder, coltonwood, and » seatlored

Fisene 1 L—8tresmway of Copper River, Alaskn, showing typical sedge marsh,
a third stage of development, veenpying an aren which was formeriy colonized
Iry buek bern.

growih of small spruce trees similar 1o those frequently found on
muskegs.

Landward from the shifting bruided chaunels of the overlonded
river, and especially on sandy gravel banks along the streams, where
the flats are hetter deained, the sedge marshes give way to a series of
thickets and riverbank poplur forest, Bush willows and alder with
ferns, elderberry, and spirea come in and are inereasingly luxurinnt
where the sedges give way to grasses, such ns Calamagrostis, and the
poptars.  [xtensive poplnr forests oreupy some of the broad flats
and older dunes between mileposts 38 and 40; smong the conspicuous
trees are tall Balm-of-Gilend with northern black cottonwood (Populus
trichocarpa hastata) and alders in the openings, Seundings made in
tiie poplar swamp forest gnve cross sections with the following
profile features:
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0-22 inches; the upper 3 to 4 inches consist of brown leafly litter and other plant
remains accumulating eontinually and interwoven by loosely matted grass roots:
the lower § 1o 9 inches consisl of dark reddish brown more or less decotmposed
organic material in which grass rools are less abundant and the woody roots of
poplar and alder are relativeiy more numerous.  in the second foot level the peat
material is reddish brown, partly fibrons sedge peat, a bit silty from previous over-
flows, shading into a yeliowish-hrown sandy sedge peat in which are seeds and
rhizomes of huek bean and the sedges that originally occupied the flat of gray
sand and grrvel,

In wetter places the popliers wre gnarled und stunted, protruding
through tussecky sedges, so-culled nigger-heads, and isolated putehes
of scrubby willow and alder, charmecteristics of the competition and
vigorous econditions of their habitat.  The plunt cover takes on o
hutmmocky surface with intervening hollows which vary in size and
depth.  On the ridges oveur severnl small heaths, mainly species of
Vaceintum, but sphagnum mosses, reindeor mosses, and lichens are
of very subordinate importance.  The composition of the community
1s quite indefinite, shading into neighboring transition types of vegeta-
tion. Nowhere in the Copper River district are heaths, conifers, or
sphagnum mosses abundant enough to justify the application of the
term muskeg to the peat-forming areas that are now developing in the
deita along the Copper River milroad. The present types are still
transitional stages of vegetation; they ire essentially like those that
formed the bottom layers of muskegs at earlier periods and they wre
characteristic of the effects of ground waters and their supply of
mineral plant-food constituents. The importance of atmospheric
water is not evident in those vegetation fypes; they have not reached
the climatic fimit of the rainy and cloudy constal envirorment but
are the forerunners of muskegs. By far the most important factor in
the development of muskeps over the top of marshes appears to be
precipitation water. Whaere muskegs have succeeded marshes localized
in & basin, they are for o time restricted to the basin, until the upwurd
accumulation of plant remains has raised the water level above the
neutral or alkaline ground water.

CHITINA [NO, 21)

The upper Copper River Busin is a broad platewulike country,
deeply dissected near its margin and varied in pinces by hills, groups
of mountains, and many small lakes and muskegs. A reconnaissance
soil survey of » part of this region has been published by Bennett and
Rice (3). The region has an entirely different condition of atinospheric
humidity and of winter cold from Cordova and the seawurd side of
the mountains.

In the town of Chitina a cut wus made in the construction of the
Copper River and Northwestern railrosd which leads to the bridge
where Copper River is joingd by Chitina River, its largest tributary,
A typical gection expeses solid rock and glacial &ill in & depression
that probably dates to the time of a glacier's retreat at that place.

At the base of the cut is 65 feet of unconsolidated gravel and sand
with an even. concave surface which consists of 6 feet of fine sand.
Above the sand and extending to the top of the cub is 15 feet of more
or less woody peat showing about four to five layers of Aat-rocted
stumps of spruce superitnposed upon onc another. Throurhout the
deposit, the peat materinl contuins o large quantity of wind-blown
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silt and small shells of univalves, picked up doubtless by prevailing
winds from the beds of Copper and Chitina rivers. The surface
vegetation of the deposit, back [rom the cut, consists of shrubby
willows and Potentilla fruticose in a ground cover of various sedges,
grasses, and small patches of sphagnum mosses.

The exposed cut has a vertical face and at the time of observation
it was not possible to examine in more detail the stumps that occur
nt different fevels, their relative age, or the pertadicity in thin seams
of wind-blown silt and voleanic ash which are present noticeably in
the earlier stages of peat formation. Capps (3} deseribed a cross
section of glacial till overlain by peat with superimposed lavers of
stumps on the bank of White River below Russell (lacier, From
ring counts an & number of stumps it was estimated that tie peat
materinl sccumulated at a rate of about 1 foot in 200 years and that
the iee of Russell Glacier withdrew from that point ahout 8,000
Years Rgo,

BEYAK (N¢. 22

Northeast of the town of Cordovais Evak Lake, an wrregulnr-shapoed
body of water in a valley between two ridges of timbered slopes.  The
take is fed by Power Creek and Shephoerd Glacier and drains through
Evak River to the Pacific Ocean across tidal marshes whiel: border
the coast and extend castword to the Copper River delta. The
Copper River railrord follows along the south shore of the lake.

On the west shore. almost within the city limits and opposite
Nirvana Reereation Park. is 2 muskeg which is serving as & burial
place, known as the Russian gravevard (fig. 12). The surface is

Frevre 120 Conves-shaped muskeg near Cordova, Alaska, known loeaily as the
Russing gravovurd,
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definitely convex-shaped, sloping gently from the center towards the
periphery.  The boundary line is quite irtegular and merges gradually
into the adjacent woods and a velatively steep slope whieh ends in
forested ridges,  On the lake side the muskeg is well drained and the
ground cover consists of hummocks of sphagnum mosses whiel are
now dominnted by a variety of plants, ineluding sedges and heaths
such as Andromeda, Ledum, Empetrum nigrum, Vaccinvum vitis-aduea
var. minus and lherbs like Rubus chamaemorus, Drosera rotundifolia.
and others.  Quite as characteristic are the few scaktered spruce and
hendock, dwarfed and rather stunted. Here as elsewhere, the
hummocks of sphagnum mosses, rather than sedges, heaths, and
eonifers, are the most conspicuous plants which could be ealled typical
of raiscd muskegs.

Profile soundings and messurements, made on cuts exposed along
the Government road which follows the west side of the lake, give a
record as [ollows:

0-2¥ [eet; sphagnum moss peat; spongy, wvellowish-brown, strongly aeid,
shading from hunovocks of growing Sphagawm papillosien, S, fuscum, 8. rubrum
and others, into hrown, spongy-fibrows, matted moss peat; the central portion of
the laver is much thicker than the sloping morgins and characteristic of the greater
ceutral growth of mosses under the influenee of atmospheric humidity, and the
high vapacity of mosses to absorb and retain rainfall and prevent its flow osubward;
wet hollows are revealed by several thin scams of dark-celored, partially decon-
posed moss peat; some of these extend more or less evenly hetween former hum-
moeky growths of sphagnum mosses, while others appear to have been small
depressions related to shallow pools of water; at the lower level the material is
hrown and containg woody roatlets,

214-3 feet; woody peat, cousisting of dark reddish-brown woody fragments,
hits of twigs and branches, flat-rooted stumps of spruce, fallen timber, cones and
Teafy litter with crumbly plant remaing from grasses and sedges giving evidencoe
of pariin) deconposition during a dry period.

3-31¢ fuet; sedge peat; brown, fibrous network of roots and rhizeines from o relan-
tively pure stand of sedpes; the material is matted and finm at the lower level,
indicative of moist condilions and more recent compaction; the layer conforms in
general to the topography of the Nlat but is rather sharply demarked {from light
gray voleanic ash, about 134 40 2 inches in thickness which lies between the sedge
peat and the underlying sandy gravel: root echannels extend through the voleanic
ash {0 a depth of 5 inches below.

514-6 feet: dark-Drown sandy pruvel eonfaining well decomposed organie
residue in the upper 4 inehes,

Near milepost 4 along the Evak road, oceurs a slope muskeg which
ranges from 2% feet deep al its margins to 5% feet in the more central
portions. 1t slopes toward the luke and appears to have developed
aver a glaciated rock outerop.  Brown, felty-fibered sedge pent forms
the basal leyer. The surface materinl consists of a relntively thin
cover of sphaguum moss peat changing downward to an admixture of
secge peat; below that is v woody layer which lacks well-marked
differences sueh as are chrracterized by stumps.

Of exceptional interest is Lthe [net that, as o result of road construe-
tion, the muskeg demonstrates a breaking wnd sliding of the suriace
materinl at vight angles to the general slope.  The movement is fairly
well ilustrated in the accompanying photograph (fig. 134), which
shows the unevenness of the surface in consequence of such gliding
movement.  lu northern Canada and Europe this phenomenon
happens most {requently in spring when the surfnce layer is saturated
by melting snow and ice and slides over tihwe frozen lower layers (1),

Tt might further be mentioned that seversl muskegs in the vieinity
of Cordova are not of the raised-moor type, although the surface is




Fieure 13.—A4, Muskeg along Eyak Lake Highway near Cordova, Alaska, showing sloping surface and a breaking of the surface in con-
sequence of peat material sliding over frozen layers underneath, B, Muskeg with surface sloping from the center toward the periphery.
The convexity is not due to the upward growth of sphagnum mosses but to the contour of the underlying mineral material,
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characteristically curved. The exposed cross section of the peal
area southenst of town near the end of Three-mile road shows o con-
vex surface {fig. 13B), which conforms strietly to the topography of
the underlying glacial mineral material. The profile indicates that
a vegetation of segdes, sphaghum mosses, and low-growing heaths
tends to spread uphill. The surface is not level and both the growth
of plants and the raie of peal accumulation vary from place to place
under the influence of different degrees of moisture content in the
respective peat materials.

MUSKEGS ON THE FurELANDS oF PRiNCE WiLLiaM Sounp

Northwestward of Cordova are a number of low-tying forelands,
valleys, and islands regarded by Grant and Higgins (78) as parts of »
peneplain of un carlier glaciation of the district, but which later was
smoothed over by local tongues of glacial ice. In height, the surface
of this plain ranges between 20 to 60 feet above the present sea level,
rising gradually {rom the shore to the fianks of the mountains that
surround Prince Willium Sound.  ‘The forelands of Bomb Point and
Sheep Point and the lowland between Port Gravina and Port Fidalgo
belong with this plain as do nlso parts betwoen Landiocked and
Galenn. bays.

Of particular imporlance is the evidence reported by Grant and
Higgins pointing to relatively recent changes of sea level in ecrtain
places of this district., That o reeent depression of the shore line has
taken place is noticenbie on muskegs at Bomh Point, but better illus-
trated at Fidalgo Bay and Hell's Hole which present more strongly
marked evidenece of a sinking shore line.

BOMB POINT (NO. 23

On the southwest end of the peninsula between Orea Bay and Simp-
son Bay, and especially in the vielnity of Bomb Point, are a number
of sloping muskegs locally celled tundra. They are generally free
of timber cxeept for a serubby growth of mountain hemlock. The
ground cover tends Lo be uniform in height and consists chicfly of
sedges (Carer sp., Rhynchospore sp.) deergrass, cottongrass, and
hummocks of sphagnum mosses with low-growing heaths such as
Andromeda polifolia, Ledum groenlandicum, nnd several species of
Vaccinium. Subordinate are deer cabbage (Nephrophyllidium erista-
gallr), patches of club mosses {Lycopodium sp.), sundew, eranberry,
and others. The water table is near the surface and shallow pools
of water are common, giving a reaction betwoeen pH 5.0 and 6.0.

Near the head of a lagoon, profile sections were obtained in 2 muskey
of which the locution and general form are shown in fig 14. The
average depth of peat is 3 fect and the minersl substratum is o bluish-
gray firm silt giving a neutral reaction (pH 7.0). The organic maserial
overlying the silt is brown felty-fibered scdge peat, moderately
decomposed and has & reaction of pH 5.5. The peat Iayer ncar the
surface consists of & thin cover of plant remains derived from sphag-
num messes with au admixture of roots and rhizomes from sedges.

At the western end of the lagoon, soundings taken at several points
indicate & depth of 5% fect of pent. The surface material ranges
from yellowish- to reddish-brown and is essentially o varying mixture
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HALF MiLE
{2,640 FEET}

Frogore 14—8keteh map showing location of muskeg on uorth side of Bomb
Point, Alaska.

Ficure 15.—Basal layer of sedge peat sloping into tidal water and cxposed by
low tide at Bomb Point, indicating a recent sinking of the shore line.
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of plant remains from sedges and mosses, similar in composition and
character to that described above for the muskeg at the head of the
lagoon. Near the 3%-foot level below the suriace is a layer of woody
peat in which stumps of spruee and hemloek are vooted [lat-based:
below it occurs reddish-brown, fibrous-matted, and distinctly lam-
inated sedge peat. The mineral substratum, however, is sandy silt
and gravel in which occur cobblestones and boulders resembling
morainal material; it slopes into tidal water, extends down to low tide,
and is being cut into by waves, Rbizomes of Equisetum and several
sedges as well as seeds of buek bean ave present in the surface of the
sandy gravel as well as in the layer of sedge peat which contacts it,
The lower portion of the wave-cut muskeg with its basal layer of
sedge peat and the roots and stumps of conifers, covered at high tide,
is shown in figure 15,

SHEEDP BAY {NO. 24)

Between Simpson Bay on the east and Port Gravina on the west is
Sheep Bry, & northern arm of Orca Bay. Enlering iL from the west
and near the hend of Sheep Bay is a small island that viewed from one
side appears te be covered with o good growth of sedges, but From
ancther shows hummocks of sphagnum mosses, some of which have
a growth of Empetrum nigrum, Rubus chamaemorus, Vaccinium vitis-
idaea var. minus two species of Drogera, and veindeer mosses, while
others are disintegrating on the sides, covered with a crust made up
of black flakes, revealing on the under surface a layer showing blue-
green algae on isolated patches of Polytrichum mosses and species of
Cladonia.

Profile soundings were carricd oul in several places, both in the
center of the peat arca and near its margins.  All these tests agree in
showing a depth of peat ranging between 3 and 4 fect. Sphagnum-
moss peat is present in a few inches at the surface; sedge peat, made
up of the roots and rhizomes from species of Carer and Seirpus occurs
to within a few inches of the bottom, and a thin layer of woody peat is
at the base; it contains no stumps cxeept woody tragments [rom
hranches, twigs, and lealy material from deciduous shrubs whieh give
evidence that the muskeg began on o shaly sand and gravel with a
type of vegetation dominated by alder, willow, and other shrubs,

GRAVINA POINT (NO, 25)

On the [oreland separating Sheep Bay and Port Gravina, muskegs
were examined at a place directly north of Gravina Point in 2 valley
whose sloping floor probably belongs to the same lowland as that
hetween Simpson and Sheep bays. Near the head of 2 small lagoon,
on the north side of the foreland (fig. 16), the muskeg is covered with
small hummocks of sphagnum mosses. The plants associated with
the active growth of the mosses are Vaccintum witis-idaea var. minus,
V. oxycoccus, Bmpetrum nigrum, Drosera rotundifolia, D. linearis,
species of Pyrola, Limnorchis, Cladonia, and others. Spruce and hem-
lock are much dwarfed and widely scattered, while heaths such as
Kalmia, Ledum, and Andromeda occur in patches with taller shrubs of
Mensiesta, Myrica, and Saliz. Secdling trees ave not frequent in this
community, and herbacecous plants such as Rubus chamasmorus,
Pinguicule villosa, Cornus canadensis, Violo palustris, and species of
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Limnorelis, Veratrum, Unifolium, and others arve represented only by
occasionnl plants.  The salient fenture consists in the distribution of
the dominants of the ground cover.  On the higher slope of the muskeg
the vegetation includes more sedges mnd cottongrass (species of
Carex, Scirpus, and Hriophorum) but the surface is interseeted by o
network of small, shallow pools tending Lo be civeular in form (figr. 17},
The aguatic vegelalion consists mainly of isolated patehes of Meay-
anthes trifoliata, Myrioploflum sp., Potamogeton sp., and various forms
of atgae, including Nostoe and sofl nodules of blue-green algne forming
a granular gelufinous muss,

Profile soundings, made in various places, passed through u Lhin
upper cover of yellowish-brown mixture of mess and sedge pen(;
helow it is a leyer of reddish-brown felty-fibered sedge peat ranging
in thickness from 1% fo 3 [eet which merges with the underlving
sandy gravel.

Along the shore line the muskeg is bordered by outerops of rock
and & belt of fairly tall dmber, mainly spruce and hemioek,  Muceh
of 1 has & tuxunant undergrowth of devilselub. salmonberry (Rubus
spectabilis), Menziesie ferruginea, several ferns, and & eround cover
in which ypnaceae predominate. A number of trees have been
killed by high tides, which may possibly be due Lo & depression of
the lowland already deseribed.

HELL™S HOLE {(NO. 26)

QOune of the most chargetoristic forelands with evidence pointing to
a recent sinking of the shore fine s the point of land which separates

Port Gravina lrom Port Fidalgo {lig. IR).

On the south side of the land and northesst of Red Head near the
vorth side of Port Gravina is 8 small bay known as Heli's Hole.
Shallow water and a quantity of sand and gravel overlving 2 foet of
firm matted sedge peat have greatly inereased the beach area. New
hars have been bulll up nearly half a mile scaward from the beach,
while back of the strand, in the quiet and more sheltered places.
smalt dunes arve frequent with a plant eover distinet {rom that of the
adjncent muskegs. The colonizers and stabilizers of the sand are
Lathyrus maritimus and Mertensia maritima slong the front of the
dunes, creeping in among the culms of Ammophile arenaria and
Elymus mollis. Drittwood and loose unanchored sand are confined
to the beach alone while blowouts are rare.

Baek of the dunes are trailing herbaceous vines, a tupine, Pofentilla
fruticosa, Spirev sp., (alamagrostis seabra and others, giving way
mland to a thin fringe of timber which borders the extensive and
poarly drained muskeg.

In composition the surface vegetation of the sloping muskeg
resembles those along Port Gravina. Cushions and hummocks of sphag-
num mosses are of relatively subordinate importance in comparison .
with the part played by Seirpus sp. and sedges. Spruce trees arce
dwarfed and widely seatiered. and mountain hemlock takes on n
fan-shaped form. Heaths constitute the more vigorous plant growth.
Myrica gale and both high-bush and low-bush species of Vaceinium
are common, and there is considerable variation in the composition
and size of isolaled clumps of shrubs; bul they do aot seem to be
dominant or asbundant enough to justify & description of the muskeg
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ns o heath-covered lowland or tundra. ‘The surface is dotted with
shallow pools of water, characterizing the high water-halding capacity
of the peat material. There are hollows exposing the underlying
mormnal sand and gravel, but they are doubtless u reaction to snow
and ice which fill the depressions during the winter and presumably
retard the growth of plants for a considerable period during the
summer season. Moreover, summer thawing and drainage goes
much decper in the bare spots than in the plant-covered portions of
the muskeg.
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e i Muskeg 12,640 FEET]

Finune 18.—8ketel map of iureland between Port Uravina and Fidalgo Buy
showing loeation of Hell’s Hole, Snug Corner Cove, and Two Moacn Ray
muskegs,

Profile soundings indicate depths of sedge pent ranging between
34 and & feet. Cross-sections cut at low tide along the banks of »
small unnamed stream which enters the muskeg from wooded slopes,
reveal nearly 6 fect of sedge peat. Differentiated on the basis of the
more prominent features the eross-sections show:

0-a} feef; npper few inclies composed of a mivture of sphagnum moss and sedge
peal grading into brown Shrous, matted sedge peat, faicly uniform in texture and
composition toward the 4inot level; between 4 and 43 fecl below surface the
material is stringy-fibered, rather coarse, permeahle, and contains many rhizomes
from Seirpus sp.; near the hottom, the sedge peat has a larger content of blagk-
calorerd rhizomes from Equdvetum sp, and many flat rhizomes as well as seeds from
Menyanthes trifoliata; root channels extend into the underlving morainal material
which is nearly 135 [cet helow tidewater,

5140 feet; grayish-bhrown &ilt over light-gray sand and enarse gravel,
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On the bay side, the lower portion of the layer of sedge peat is
over 2 fect below sea level; it extends out over a distance of 70 feet
from the shore, indicating a sinking of the land at least several feet
below the present ocean level. The general features of the shore are
illustrated in figure 19.

SNUG CORNER COVE (No. 27)

This cove is a small prajection from Port Fidalgo back of Knowles
Head on the northwestern edge of the foreland (fig. 18). The Lopog-
raphy of the adjneent towland is more rugged than that typical of other
sections on the coast. In some places it is narrow with steep slopes
and in others it widens with benehliike formations sloping gently from
the shore line to varying elevations above sea lovel.

The muskegs situaied on the west shore of the cove are similar in
surface vegetation Lo the slope muskegs previousty deseribed, but the
profile soundings show that the depth of peat is rarely over 4 feet in
thickness. The organie material varies somewhat in physieal char-
acteristics and composition.  In general il consisis of felty-fibered
sedge pent, chiocolate-brown, pI 5.0 in reaction, more or legs water-
togged, and laminated between 2 and 3% fool lovels, yellowish-hrown
and firm near the 4-foot level and somewhat woody.  An admixture
of sphagnum moess peat occurs at the surfuce o the upper 2 or 3
inehws, but in many places moss peat is entirely lacking.

The mineral substratum is a bluish green sand and gravel and
containg iron-stuined root channels.

An interesting {eature is old trails leading to the beach and worn
deep into the sedge peat. They are the resull of wildlife traveling
over the matted heath vegetation.  In some places the trails appear
to become gullies and may lead 1o conditions described for stream
hanks in the muskey at Heli’s Hole.

TIWO MOON BAY (NO. 28)

This bay is an castward projection of Port Fidalgo, lying between
Snug Corner Cove and Irish Cove.  The bounding lowland is rather
steep and rugged bul much of the enclosed area 1s of low relief and
includes o number of muskegs. The deposit of peat examined is on
the east side of the bay (fig. 18). It is a sloping expanse, beginning
at the bay and extending ndgelike to the timber at the upper end of
the slope.  Some parts of it along the shore have been cut by wave
erosion, exposing 4 feel of brown fibrous and more or less laminated
sedge peat.  The material rests on sand and gravel as well as on
hedrock along the shore.

The muskeg has the aspect of a sedge marsh from the number of
sedges and cotfongrass that grow upon i, but in the ground cover
arc sphagnum mosses and & large variety of herbaceous plants.  Char-
acteristic among these are Coplis trifolia, Cornus canadensis, Pingui-
eula wllosa, Calthe biflora, Rubus chamaemorus, Sanguisorba micro-
phylla, species of Trientalis, Limnorchis, Viola, Unifolium and others,
They are never f}r(‘(lomilmnt. in any piacc and form a rather small

ercent of the plant cover when compared with the distribution of
ocal patches composed of such henths as Empetrum, Vaceinium,
Andromedn, Kalmia, Ledum, and the baybherry (Myrica gale).
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Vot oY ~ithitie ~tore Droeof Heils Hobe Bay, The gnbbie
T temetass el eepderign by scdee peat giving eertaan e idenee of pelative
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Landward where the <lpe heconus ~toeper, Ure sedees and hoaths
are invaded by sproee and momitain emdocl, The peat matesial
~ Tpown Hbrous e peat and eanees i depth Trom 1 to 2 ooy,
dependinig on the ancle of ope. Some of the hicher i<landiihe roek
orteraps are tmbered and have s lovuriant vudergrowth of Terns.
devifeelub alder. berev-bearine ~henbs and mountaio-ash. in marked
eontrist to the sparser vegeiation on (e geneead <urface of the minse
hevo The soth consists of o aree amount of decaying bafy aud waody
munterinl, i~ ihiehly mterwoves with woody roots, and s generally
corvered with Tlvpoum nosses, charaetenstios of Jorests, Where
wildlife has warn deep teaib into the mntted pent, the vesetation on
Bsathy ~iedes of the trails leading 1o the <hore are splingmm mossos aiud
Fompelrsteee vigpenge o they tend 1o be replaecd by sedees and heath
ahenths i dener condimons
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and= of ~il1 and <audy wravel which e pluees alonge the <hore eover
ap undeelvipe oy er of libroos ssdee peat. On the sontheast <ide of
the oy the evidenes of roreni ehanmes of sen Jevel s partienlarly
well mnrhed.

At a loeadity, shows on the sketebanap e 18 the Jower peat
faver of the mnskeg extonds at least 2 foet or prabably meore, helow
tide, und the shallow water near the shore i possible due o this
subsidences. Thote nee n nambor of <tumps, expo<ed by the tidal
wash, whicls rest on sedore pent, and correspond with <imtar <stumps
at the same level in the inteior londward stde of the nusdee,
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Much of the muskeg bears o surface vegetation whicl is like that
of the muskegs previously deseribed. Al the soundings agree in
showing that the depths of peat on the upper slopes range from 2 Lo
4 feet.  Most of the material consists of reddish-brown fibrous sedge
peat which at the sueface contains small amounts of sphagnum moss
but at the lower level consists of sedge peal with a gravish tint; the
meterial is moderately decomposed, and grades info sindy gravel,
Thicknesses of peal nerease loward the lower slopes, bul prefile
sections I which the basal luver of sedge peat is helow sea evel do
nol exceed 8 fect 13 depth.,

Where the muskeg s more poorly drained, specialized habitnts ke
shallow pools of waler are quite numerous at all elevations,  Near the
shove Hue, however, where there s more movement of ground woter,
sphagiium mosses and sedges do not vecur. Tallqsrowing sproce and
hemioek have estublished themselves, forming a thin fringe of tmber,
There s, furthermore, a corresponding alteration of the sedge peal
it which the rools of trees are growing.  Typieal cross secilons of
the muskeg exposed by the tides and observed i vertieal cuts s
well as farge blocks of pest whieh fall outward along the shore, reveal
the lollowing ehangos 1 prolile leatures:

0 i inches: woody sedge peat: dack-brown, crmably, pariinlly decomposed:
cotitaits stmall amounts of lealy lttor and woody fruginents at the suefaee and
beneath it o dense network of fne roots of the growing herbaeeous plants; woody
ronte of trees and slivubs are penctrating to & lower level,

10 -Ga inches: sedge peat: the npper portion eonsists of dark-brown, partly
fAbrous and brittie pent and s ovcapled Dy woody rools from frees and shenbs
some of which are flat-based, while others extend downward through a reddigh
brown matied sedge pend to the second lfoot level: between the third and RAfih
level the sedpe poal = brown, firmly marwed, laveved, and eampaeted. Tidewater
is 3'a feet below the surfaee,

iz 73 inches: wouady peai: dark-brown, geanular, and fine-grmincd  organic
rexidie, woody, containing stumps of sproce which eorrespond with rhose alomg
thie shore and exposed by tidal waves,

73 90 inehes; sedge peat: hrown brous sedge peat, matied, very firm, parily
decomposed, with a strome odor of hvdrogen sulfide; former ronl-chaoneds oxtend
into the wglerlying ineml maiecial,

60 08 inehes: bluish-green sibry sand and gravel.

The evidenee, it will be seen, inetudes both un old beach line which
al one Lime was 2 {0 4 feel or more nbove the present bieh tide, and
a forest stage in the development of the muskeg which can be corvolated
with o Tormer drier and warnwer period.  The developmental changes
mdicaled by the entire profile seetion of the muskeg correspond, in g
goneral way al least, to those thal affected the muskegs in south-
eastern Alaska.

Musaees or o Rexar Dasmacr

The western portion of Sculheentral Alaska includes Kenai Pen-
insula, bounded by Prince Willium Sound on the east, the Pacifie
Ocean and ifs werrm dapan Current on the soulh, and Cook Inlet on
the west.  Exeept for a strip neross the woestern side, the peninsula
Hies entirely within the Chogaeh Nationad Forest. Sewurd is the
principal fown. It is the ovean lerminal of the Alaska Railroad and
15 served by regalar mnil and passenger boals from Scattie, Wash.

The surface of the peninsula presents twe widely diftering physio-
eraphic fentures.  The eastern parl is characlerized by Ligh rugged
snow-covered mountains, 5,000 Lo 7,000 leet in elevation, and vallews
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deeply cut by the former action of iee. The western part consists of
f broad sloping lowland into which flow the larger streams that have
their source in the large glaciers in the Kena Mountalins.,

Kenai Peninsule is guite heavily timbered in mest of its vallevs
up lo elevations of 1,200 feet above sea level. Spruee is the more
abundant timber but hemlock is found in some loealities and also
bireh, alder, and willow. The investigntion of muskegs was earried
on only in the eastern portion of the peninsula, but in any compre-
hensive study of peal resources, those of the western portion would be
worthy of consideration.  The soils and agriculture of the peninsuly,
including muskegs and their disteibution, have been reported by
Bennett (2) in a reconnaissance survey made in 1916.

MOOSE LICK {NO, M)

North of Kenai Lake 2 Government road oxtends from the Alaska
Ratlway over Moose Pass and the valleys of Quartz, Canyon, nnd
Sixmile ereeks to Hope on Turnagain Aem. The creeks meander
through comparatively flat glacinted valleys, in which are located a
number of muskegs al elevalions over 800 feet above sca level. In
many places high benches slope foward the valleys in more or less
sharply delined terraces. Thev cousist generally ol washed gravel,
sand, and bluish-gray clay, derived in iarge part from the rocks of
the neighboring mountains.  Moflit {27} reports that the sands in
the bench deposits are not firmly packed; thev earry a large amount of
ground water which may come from a source ouiside the glacial
materinl.  Sufficiently delailed studies have not been made, however,
to determine the character of the ground water or the nature of the
various muskegs and the feasibility of their comniercial development.

Evidence that some of the tmuskegs in the mountainous district nre
of the raised type and present a contrasi to those developing on the
constal lowlands further south, is seen in the Moose Lick muskeg
reached al mile 42.5 by way of the Cooper Landing Governmenst road.
The general view given in figure 20 shows the condition ut this point.
The difference is Iargely in the reduction of sedges and in a correspond-
ing increase in hummocks of sphagnum mosses, but other features nre
in relation to successional stages. The center of the muskeg, corre-
sponding with a higher water level and a moderately convex surface,
is oreupled by an asseciation complex in which sphagnum mosses
(Sphagnum cuspidaium, 8. mediwm, S. warnastorfii and others) pre-
dominate over cottongrass {Friophorum sp., Rlynchospora sp.) and
herbaceous planis; surrounding the mossy carpet are local patches
of woody shrubs, among them Ledum palustre, Andromeda polifolia,
bayherry (Myrica galey and dwarl bireh (Befula glendulosa) in &
ground eaver of Empetrum wigrum, Vaceinium pritis-idaca, var, minus,
hichens and others.  Nearer the peripheral margin of the muskeg,
the plant communities are mixed and diversified by a scattered
growth of dwarfed spindle-shaped spruces (Pieeq glanca, P, mariana);
they may be regarded as Lransitional changes, due 1o a lower-ground
waler level and less acid conditions near the sand and gravel bluffs
of the valley,

A point of special interest in this connection, however, is thal
portion of the road bank through whieh water, mildly alkaline in
renction (pH 7.5-8.43), is sceping into the muskeg. By coutrast the
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ground watler in the moss peat which fringes the tract is very strongly
acid {pH 4.5}, and there is as yet no shurply marked difference in the
surface vegetalion. From observations of wildlile trails, however,
it appears that moose in rather large numbers frequent this small
area {fig. 20, B}. In addilion to moose, other forms of animal life
are found to remge over the muskeg, probably on account of the
saline character of the scepage water and the requirement of nutritious
mineral saltls,

Profile soundings and pits dug al various places show only minor
differences in depth and structural relations. The following repre-
sents practically an average of vertical cross sections:

0-+43¢ fest; sphagnum moss peat; the uppermos! {foot consists of reddish brown
spongy-fibrous, well-preserved moss peat in which are thin roots of the growing
plant cover; between the second and the third foot level the moss peat is very
firm and contuins at the lower level lealy fragments from birch and lheaths, needies,
woody material, and roots from sproce; at intervals are thin seams of dark-
brown, partly decomposed moss peat which represent small and local wet depres-
sions; near the fourth font lovel the moss peat is very firm; i contains voleanic
ash of fine-grained, almost glassy texture, and matted roots from cottongrass
and sedpes.

44-6 feet; sedpe peat; reddish-brown fibrous sedge peal with an admixture of
material from sphagnum mosses; the lower part of the layver containg dark-brown
well-tdecomposed woody material and fmgments from shrabs.

6614 feet: very Brm gray sill over sandy pravel.

The number of scundings made is not large, but it is believed that
she quality of the moss peat is representative of the peat aren and
that the upper layer has commercial value.

MOOSE PASS (NO. 31}

On both sides of the Seward Hope highway, hetwoeen miles 51wl
52, the road crosses muskegs on flats noar the summit, which are
dominated by sedges but show various phases of succession. In
general, they are trecless marshes that are passing through develop-
mental stages, with sphagnum mosses storing water, and with spruce
and heaths where the change in conditions is necompanied by lowored
water levels, In places where the nceumulation of plant remaing
continues upward and the roots of growing sedges are removed more
and more {rom ground water coulaining minernl salts, the marsh
vegetation furnishes the conditions for the establishments of sphag-
num mosses which depend for their growth upon atmospheric water.
However, ground-water condibions are unfavorable for the mosses
und in marginel places decomposition of poat material exceeds
nceumulation of new plant romains. Various heaths and conifers
are colonizing these sections increasingly.  That this has taken place
also in former times and on & much larger scale, has been shown. by
maeans of profile sections recorded clsewhore in this report.

11t the Moose Pass muskeg the present changes in vegelation are
not retrogressive, but are a transitional zonation, corresponding with
differences in the water table. Soundingsin the portions of $he niuskeg
supporting dwarfed spruce and birch show a thin surface layer of
dark-brown sedge peat, largely decomposed, containing dry leafy
littor and woody material; the water level is below the surface.
Farther in, where hummocks of sphagnum mosses with associates
such as sundew, gold thread, and others are [requent, the surface
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0-6 feet; sedge pent; reddish-brown, felty fbrous material consisting mainly
of a matted network of fine roots, basal shenths and flattened roatstosks from
varigus sedges and grasslike plants; nir-deied material is brittle; abt lower jevels
the layer contains colloidal eonstititonts, wind-blown leafy fragments, and small
woody roots and twigs; near the bottomn the peat material is sandy.

6-G)4 feet; gray sand, very firm, on slaty gravel.

_ 'The vegetation, history, and botanical composition of the muskeg
indicate its origin and stratigraphic structure as well as its present
Lransitional aspeets.

SUMMIT LAKE {No. 32)

In the high valley near Sununit Lake (elovation 1,310 {eet) and at,
mile 41.5 and 48.5 on the Seward-Itope highway, musliegs oecur
which form 2 border along open water or occupy flats. On the whole,
the surlace vegeiation has the aspeet of the preceding muslkegs
described above.  Associations of sphagnum mosses, heaths, and
conifers are in a state of Lrunsition.  The existing climate tonds (o
make their own coutinued existence difticult, furnishing eonditions
for the natural suceession of conilers,

Profile seetions afford a measure of the relative duration of each
group of pent-forming vegetation and they confiem the eonclusion,
reached in this way, that sphagnum moesses have appeared only
recently, and that woody shrubs and conifers tend to veplace the
species which colonize marshes with higher water levels,  Vertienl
cross scetions of these muskegs are generally as follows:

0-5'¢ feet; thin eover of sphagnum woss peat, earrving woody material in
plices where spindle-shaped spruee and low heaths are dense; below this the
sedge peat is veddish brown in eolur and comprises ocensivnal bands of yellowish
brown fibrous matted materinl, interbedded with finer organic sediments: near
the base of the layer, the sedge peal is gray-brown and ibrous but ineludes fine
organic residucs and gray sand.

Ha-b Teet; blnish-tinted geay sund resting on conrse gravol.

MUSKREGS oF THE A NCHORAGE DesTitior

The chiel geographic features of this district are the mountains
which form a spur of the snow-covered Chugach Range, and thoe villey
floors that blend with terraces and fats and are composed of sand
and gravel supplied by former valley glaciers. These deposits were
Inid down by the action of ice and reworked by water and are thiek
enough in plrees to conceal the bedrock.  All of the glacial streams,
particularly the Matanuska, Eagle, and Knik rivers, are currying and
depositing silt, sand, and gravel, disseeting and croding the orivel
benches around Anchorage, with the aid of tides which are slowly
undercubting the blulls facing Knik Arm and Cook Inlet and exposing
peal deposits.

The district, lying as it does back from the oecan, has s elimate
more like that of the interior of Aluska. Precipitation is light, eSC-
cially during the rather mild summer season when only a few inches of
raivdall may oceur. The winters are sovere but the snowlall is said
to be moederate, usually up te o totil of 3 or 4 feet of snow acetmulabing
annually,

The surface of the terraces and flats is gencrally well forested with
the exception of the lakes and muskegs, and the belt of sand dunes
nlong river bends. Dust storms are [requent in the valleys, caused
hy the strong down-valley movements of the cool air overlying the
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glaciers, displacing the hot air in the lower valleys, picking up silt
and sand from the rivee flood pluin, wnd piling up sand in danes and
wind-blown silt over the valleys.

Benneit and Riev (2, 8) mapped the soils of o portion of this distriet
during reconngissance field work in 1914 and 1916, using topographic
maps prepared in connection with the geological survey of this region.

More recently (1938), the Alaska Planning Couneil has sponsored
a soll conservation survey and economic study of the Matanusks
Valley in cooperation with W. A. Rockic of the Soil Conservation
Serviee,  The Alaska Railroad eresses Lhis area and mueh of it is now
necessible by o network of highways., A branel of the railvond runs
from Auvchorage along the Matanuska River to Chikaloon.

SPENARD (NGO, 33)

About 5 miles southwest of Anchorage, at the end of the Spenard
Road, are muskegs with several unnamed small lakes.  Field observa-
tions show that m an otherwise flal surfuce lying within the 100-loot
contour line, depressions of varying size were occupicd by o shallow
Inke.  Peat began to necumulnte as o marginel deposit, continued over
low ridges that erossed the lowland in several places, and subsequently
filled the depression, with the exceplion of the still remaining ponds
as the last remnant of the former lurger lake. This view was con-
firmed when soundings were undertaken and test pits were examined
along the line of a proposed chunnel conneeting Lake Spenard with
Lake Hood.

The muskeg has o coneave form and is bounded by rising ground
[ringed with & border of serithby black spruce and an nssociated under-
growth of bireh, alder, and shrubby heaths.  The organic material on
the surface consists of a dry litter of needles from conilers and lenves
from heaths with fungal hyphne, representing a poorly decomposed,
actd raw “mull.”  Below it. the plant remains form a mixture of partly
decomposed fibrous sedge peat with sphagnum mosses, woody rools
ard varving amounts of course rootshoots from shrubs, All the
soundings, including those made v n muskeg on the oust sicde of Lalce
Spenard, agree in showing that between the (irst and [ifth foot level
the material is ehicfly reddish-brown fibrous sedge peat with o thin
seam of voleanic ash approximately 4 feet bolow the surface.  Between
the 5- and 8-foot level, the material is composed of vellow-brown
Hypnum peal characlerized by speeios that lorm flonting mats in
open waler.  The underlying mineral material is conrse sund, greenish
grav in color.

In passing from the timbered phase of the muskeg, along the rela-
tively drier margin with a waler table tuctusting belween 10 and 14
inches, te Lthe wetter conditions around the ponds, the conifers diminish
in size and are seatlored in an undergrowth of dwarl bireh (Betulu
glandulosa}, bayberry (Myrica gale), shrubby cinquefoil {(Potentilla
Jruticosa) and a ground cover consisting of Seirpus caespifusus, several
sedges not readily distinguishable from cottongrass, and a varviety of
sphagnum mosses. FHummocks ol mosses inerease in height around
tree trunks and in the intervening spaces between the taller heaths
such ns Kalmie, Ledum and Andromede. Typical plants indicating
associnlion with sphagnum moss cushions are Rubus chamaemorus,
Drasera rotundifolio, Empelrum nigram, small-lealed cranberry, and
others,
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The complex of plant communities situated in the central portion
of the muskeg is characterized by species of sphagnum mosses which
dominate wet hollows (Sphagnum cuspidatum, S. cymbifolium) and
the more active hummock builders (8. medium, S. papillosum, S.
Juscum and others), which cover the mounds. Some of the larger
hummocks are capped with cranberry, sundew, clubmoss, small
seedlings of spruce, and a [ew low-growing heaths.

Around the open water are quaking mats composed of sphagnun
mosses, some of which are emerald green in color, interwoven with the
slender stolons, rhizomes and rvootlets of a number of sedges and
cottongrass. In the open water occur communities among which
are species such as Menyanthes trifoliaty, yellow waterlily (Nymphaea
sp.), and submeryed forms of Ceratophyllum, Potamogeton, and a few
others,

Profile soundings near the margin of the vpen water gave the fol-
lowing record:

0-8 inches; sphagnwin moss peat, vellow brown in color, spongy filrous, em-
bedded in a network of rhizomes nnd roots of growing sedges.

8-60 inches; sedge peat, brown coarse-fibered, loosely mattied and waterlogged:;
the material is rveddish-brown at the lower level and eontuins 2 thin seam of
voleanic ash between 3 and 4 leet below the suriace.

60130 inches; hypnum peat, yellowish brown in eolor, relatively well preserved,
finely fibered near the bottom; contains rhizomes and seeds of Menyanthes sp.,
and plant remains from herbaceous aguatie vegetation.

130-140 inches; sedimentary peat, fine-grained, wore or less colinidal in strue-
ture and light brown in color; the transition 1o underlying mineral material is not
well marked.

140+ inches; Airm gray sand over coarse sand,

It i1s thus evident that the vertieal sequence of peal layers is a
means of establishing also the vcological sucerssion of plant associa-
tions and the changes in environmential factors, and of indicating,
moreover, the extent to which the horizontal trapsitions of today have
undergone changes in botanical composition. Sphagnum mosses
are, doubtless, a dominant of recent times and soon to be replaced by
vegetation indieating drier conditions.

MERRILL FIELD (NO. 34)

SBouthenst of Anchorage, ahout 1% miles. is the sirport Merill
Field from which a road passes to the lower valley floor. The low-
land has interrupted strips of muskeg in some places, and fairly large
muskegs in others. They usuaily have a stand of spindle-shuped
black spruce, ranging in height from less than 5 feet in wot spots to
about, 12 feet in drier sections. This is particularly noticeable near
the marginal bluffs. Within the muskeg the vegetation tends to be
more uniform and the dominant speeics among the shrubs are dwarf
birch, cinquefoil, bayberry, two specics of Ledum, and & low willow,
The salient feature of the ground cover consists of cushions of sphagnum
mosses on which are to be found a variety of plants. In the order of
abundance, they are: Vaecintum vitis-idaea, var. minus, Cladonis
rangifering, Rubus chamaemorus, patches of Polytrichum and Eriophorum
sp. with Seirpus caespiiosus. The depressions between the moundls
support several sedges, Fguisetum sp. and isolated bushes of dwarf
blueberry (Vaceinium caespitosum, V. wliginosum). Much of the veg-
etation is waler-logged in the ¢entral portion of the muskeg except
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for small islands and ridgss whose surface is higher and generally
represents a timbered phase,

Profile soundings were Laken in several places over this area. In the
marginal portions, averaging 30 inches in depth, the upper 5 inches
consist of reddish-brown sphognwn moss peat which is sharply de~
marked from a lower layer of darlk-brown woody material in an ad-
vanced degree of decomposition; below the 17-inch leve! the material
consists of brown, conrsely fibered sedge peat shading into grayish-
brown silt which contains organic residue and root channels of sedges;
the underlying mineral material consists of firm sandy gravel,

Centrally located profile soundings gave an average of 6 feet of peat
on sandy gravel.  Intermediate test pits, exeavated by members of the
C. C. O organization, reveal a thickness ol peat averaging 5 feet,
The general features of profile seclions are as follows:

0-8 inches; brown sphagnum maoss peat which contains many rootlets, rhizomes
of sedges und woody roots of shrubw; below it is o thin layer of ash, brick-red in
eolor, probabiy iron-stained, whieh rests on woody materizl,

§-25 inehes; brown oderately well-decoinposed woody fragments, varying in
size, derived chielly from a stand of spruee timber; it eontains sn admixture of
sedpe pent at the lower lovel.

253-54 inches; grayish-hrewn somewhat silty sedge peat, matted-fibrous: townrd
the base of the layer, the matorial is laminated and made up, in part, of Hypnum
mosses, contains rhizomes and seeds of Menyanthes trffo}.iafa and fine-groined
organic matter derived from aquatic vegetation.

54-81 inches; transition to sandy gravel.

While the two muskegs in the vicinity of Anchorage have been
selected for deseription of flat types, it may be of interest to indicate
briefly the main features of n raised type of muskeg near Palmer in
the contignons Matanusks Valley. The modifying influence of the
warm coastal waters und the protecting mountain range give the valley
¢ climate which lacks the exiremes of temperature that characterize
the greal interior valleys of the Yukon and its tributaries,

PALMER (NO., #5)

The muskeg examined near Paimer lies three-fourths of a mile south
ol town in section 4 of T. 17 N, R.2 &, TItis a small area cnclosed on
three sides by a fairly tall and dense stand of timber, chiefly spruce.
The surlace is characteristically convex, sloping from the center to-
wards the periphery swhere it merges with the trees of the forest.
The marginal slope is oceupied by & dominant growth of heath shrubs
such as Ledwm, Andromeda, Kalmia, and Vaceinium, and occasionally
colenized by seedlings of black spruce and bireh. Along the margins
there is no trace of seepage or a type of marginal diteh (Jage) which is
lknown to be a f{eature of some FEuropean raised moors. The surface
vegetation growing in the center of the muskeg contains most of the
species reported for the raised type of muskegs farther south. There
are spongy hummocks lormed by the aclive growth of Sphagnum
Juscum, 8. medium, S. acutifolium and others, and wet depressions in
which 8. squarrosum and 8. cuspidatum arve dominant. Most of the
drier hummocks are clad by Empetrum nigrum and Vaceiniwm vitis-
tdaea var. minus.  Subordinate species are dwarl cranberry, sundew,
Rubus chamaemorus, and isolated patches of deergrass, cottongrass,
and a few lichens of the reindeer moss type ((¥adonia sp.)  Brownish-
colored patehes on fhe mounds are generally invading Polytrichum
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commune which, however, do not represent o feature of retrogression
or desiceation.

Changes which result from a denser colonization of hesaths have not
been observed. Very little zonation of vegetation is to be seen except
as the outer margin of the muskeg is approached, in which transitions
oceur and the mounds of sphagnum mosses are relatively drier and
Vaccinium mitis-idaea var. minus becomes more ghundant.

Profile soundings were made ot several points: together with an
excavation, they give the following features of interest in this muskeg:

0-25 inches; moss peat, light yellowish brown in volor, relatively well preserved
and spongy-Abrous; no appreciabie differentiztion is visible between the material
of which the hummocks are composed and the moss peat into which it shades to a
depth of 20 incles; the upper 14 inches contain rocts, stolons, and rliizomes of the
growing vegetation and an occasinnal stump of spruce; the moss peat below that
level is frozen; it contains a thin seamn of gray fine voleanic ash, approximately
two inehes in thickness on which the fat-rooted stumps of spruce appear to have
hecome established; below the frost line the maoss peat is darker in eolor, compact,
and contains selid ice; it is interrupted by another thin seam of voleanic ash near
the 27-inch level, and covers an underlying layer of frozen woody peat.

27-31 incbes; woady pest, dark brown in color; consists mainly of accumulated
material fromn spruce and bireh, woody shrubs, needies, and leafy fragments,

31 inches; transition {rom gray silty organic residue to gray firm 3it, perma
nently frozen.

From the facts stated above it appears that throughout the profile
section traces of wind-blown silt and sand seem to be of small im-
portance. If the thickness of 14 inches of moss peat between the
present surface of the muskeg and the layer of stumps near the frost
line represents the accumulation during the lifetime of the buried
stumps, it should be possible to determine the rate of peat sccumula-
tion by ascertaining the age of the stumps and recording any variations
In tree-ring thicknesses.

Of much significance is the fact that the line of permanent ground
frost has been rising with the constant thickening of the moss peat and
its insulating effect (80). It might be assumed, therefore, that
climatic changes within the valley are favorable for a rising level of
frozen peat, cutting off the supply of water nnd nutrients from the
lowest roots of the growing vegetation. This is not consistent, how-
gver, with the evidence supplied by cultivated fields, cleared out of
the virgin forest which soon lose all trace of frost-hound soils, and by
the muskegs themselves in which forests are now advancing into the
treeless portions that are covered with sphagnum mosses and tussocky
sedges.’

WASILLA (NG 36)

Between Palmer, the Matanuska Agricultural Bxperiment Station,
and Willow Creels lies o succession of muskegs bordering small lakes
or occupying sharply-defined basin-like depressions. A few of the

tin Cook Infet nenr [oinl Waoronzof sunthwost of Anchorage, an excellent expeosure of o muskeg alonye n
aewly cut Blafl revenis that {ks bistory bas been of inuch the same ghargeler.  "he cut bank has VEry skiop
slapes, and s erosion takes pince by tha Lides, Jarge Blocks of the overbanging face fall ontward and down to
tidelovel. At the hase of the blaf i3 biulsh sticky elay with an even surface.  Above the clay and exiending
nearly o Lie top of the bigil ere Inyers of coarse pravel and greenish-gray samd with slightly uneven, roiling
surfpee. Over ti:c surfeee of he beach degosit is a thin iayer of volcapic esh an which n forest of sprace, bireh,
awd associatesd undergrowth doveloped sad nceuniulated seversl inehos of woody punk,  Tho forest wag ro-
placed by u vigorows prow(h of sphagmim mosses and tusso-ky sedges Lhat scenmnlated over 19 inehos of
prat. A secondl Inyer of veleanke ash, nearly G inehes thick, interruplod the prowtli, bul splispnum Mmosses
snd sedges again ealonized the area: they continued, intermittedly, aceumuinting 18 inches of peat compnscik
for the most port of & misture of moss and sedge puad, The quantity of voleanic ash noticsable In seams
nearer the surfuce s relatively smali indieating losser {nterference (rom volepnio gruptions during reeent
periads,  I'he present vegelation en the surfece of the undercnt musker conslsts of binck spruce, bireh, amd
small eushions of sphagnum meosses daminatert by several speefes of honth shrubs.
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muskegs examined are underlain with caleareous marl which has
potentinl value for local domestic use as hime in the improvement of
agricultural soils and in lhe manufacture of Portland coment. A
representalive type of these muskegs 1s al Wasilla Lake. [t is loented
in section 1 of T.17 N, R. 1 W, about 60 feet south of a graded road
that passes through Palmer and Wasilla.

The water of (he lnke has & reaction of pH 8.0 and is clear o o
depth of about 4 feet; below this the water is filled with grey {i(‘])()‘%i{.
of Chara marl which extends to a depth of 12 feet and rests on sandy
gravel, Tests of the marl show a strong reaction for carbonates with
dilute hydrochlorie acid, Near the horder are aquatic plants among
which species of Potamogeton and Myriophyllum ave abundant, hut
Chara 1s vare; at the margin of the lake, the closcly standing culms of
Carer and Seirmm with .f\fﬂnyﬂnﬂws trifolicte Torm a narrow fringe
reaching out with their rbizomes to deeper wator.

The banl\s of the musheg, which are about 1%k to 2 fect above the
water, give evidence of heing affoal.  Soundings taken along the border
indicate that a layer of pml 4 feet in thickaess, is underlain by mael.
The floor is uncven but the average depth at which sandy gravel is
reached below the surface is 12 to 13 feet,

Throughout the muskeg are signs that changes are {nking place
at the surface- -either retrogression or transition, Cushions and
hummocks of sphiagnum mosses, pH 4.3 in reaction, show patehes of
Polytrichum, Flypnwm, and blue-green algac.  Lechwm and other heaths
are being replaced by a number of decidnons shrubs, the most notice-
able of which are bushy willows (Salir spp.) and species of Ribes and
Rose.  The general sarface shows Myriea gale, Potentilla fraticosa and
Vacetnitm vitis-idaea var. minus but they mieht be reearded as part of
the flora which formetly covered the nuhi\cw The vegetation is
dominated by sedges and grasses and characterized by the following
speeies in an order of abundance which, however, is not alw avs the
same: alamagrostis, Scirpus, Carer, Kleocharis, Festuea, and Galivm,
The contrast of this lorm of vegetation with the plants found an typical
muskegs is striking and aceentuated by the transitions from shrub to
marsh and bphagnum moss hog communities, 1t is not known to
what extent fire or dratnage should bhe econsidered as Tactors in relro-
gression stages.

Profile sections made in places adjacent to hummoceks of sphagnum
mosses and near the margin of the lake give the lollowing record:

0 -2 fnches; the upper 8§ inehes consizg of light rededisb=brow n sphagnnn oss
pead, spongy fibrous in texture, aeid and velatively free from woody waterinks
il grades into a mixture of brown moss and sedee peat which contains roots and
rhiizomes of the growing vegstation {rom the 18- fo 18-inch level: fhe material
rests on n thin seam of voleanie ash; helow i, is reddishi-brown sphagnum moss
preat to o depth of 38 inches below the surface, which coutaius the matted network
of roots and rhizomwes from Lussoeky sedges: near 1he Tonvth fool level is a laver
of dark brown woody sepe peal with stumps of spruce and birch onowmarl,

42-108 inches: gray Chara marl; vellow-tinted to pink in color af lower levebs;
at the base it merges into brown organic sedimenls, about 2 to 3 inches thick
apd derived from aqualic planis and plankion organisins.

108-110 inches; sandy gravel.

The profile foatures deseribed strongly sugges( changes durtug the
development of the muskey similar in character o those observed in
the Palmer muskeg. The nature of the marl indieates the presence
of an carly lake and a peimary free-tloating aqualic vegetalion which
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was soon replaced by species of Chare and probably certain blue-green
algue; they are the chief agents responsible for the greal precipitation
of lime over the floor of the lake. Thereafter trees of spruee and
birch with (heir associates appearcd over the surface of the marl,
indicating a change {o drier conditions.  This was followed by & cool,
moist peried associated with the active growth and spreading of
sphagnunt mosses and sedges. Fhe salient {eatures of interest in
stich changes have been deseribed on pages 32 and 68.

WILLOW (NO. 37)

Three-tenths of a mile north of Willow, on a graded road, is a
winding channel resembling a secies of pondlike depressions in o flnt
platn. - The vegetation of the open water has several aquatic mosses
(Hypnaceae) with Potentilla palustris, Menyanthes trifoliata, and a
growth of waterlillics. The pond margins are eolonized by a stand
of sedges, nowhere flowering but probably Carex aquatilis, C. limosa,
nnd . rostrata, whiel grow tall and rank, forming quaking mats as
they advance over the water with their spreading roots and stolons.
In less wet places arve low thickets of willow, alder, bireh, and heaths
<l patehes of sphagnum mosses. Profile soundings agree in showing
a depth of 13 inches of brown fibrous matted sedge peat which contains
an mllmixtm‘o of moss peat; the material is underlain by coarse sandy
gravel.

Farther on along the graded road, nearly 3.5 miles northeast of
Willow, the areas of tall sedges with their ground cover of sphagnum
mosses give way {o muskegs in which dwarfed black spruce 1s the
characteristic tree.  The basis of the muskeg is & hummocky growtl
of sphagnum colonized by other vegetation as the accumulation of
peat is built up.  There is a large variety of shrubs ineluding Betulu
glandulosa, Myrica gale, Polentilla fruticosa, Andromeda  polifoliu,
Chumardapine calyeulata, and Spirea sp.  The shrubby undergrowth
does not make any large fraction of the surface vegetation but it
gives the aspeet of a heath transitional in the development of a flal
muskeg.  Fluetuations of water level may be the factor inhibiting the
growth of herbaecous plants,

The hummocks of sphagnum mosses between shrubby thickels are
capped with Empetrum nigrum, Vaeccinium vitis-idaee var. minus, 1.
eryeoccus, Drosera rotundifolie and others.  In the intervening hollows
are species of Eriophorum, Carex, and Equisetum. Scrubby, spindle-
shaped black spruce with a superficial voot system occur to a varying
extent over most of the muskeg. Althotigh the trees are velatively
small, they seem to have persisted for some time, but stumps were
not found in the layers of peat below the surface. The general depth
of peat in the muskeg ranges between 3 and 4 feet and the underlying
mineral material is silt on fine gravel,

The salient features of vertical soundings are as follows:

0-31¢ feet; mixture of moss and sedge peat, brown, fibrous, typically matted in
the upper 6 inches; the material below it consists of 2 inches of dark brown,
partly decomposed moss and sedge peat on which are resting roots of woody
shrubs; this shades inte compacted brown, fibrous sedge peat containing fiattened
rhizomes of Seirpus and Erfophorum; the laver extends to the third foot Jevel
wlere it merges with 6 to 8 inches of dark brown organic sediments derived from
arquatic plants.

3‘;5;4 feet; transition to silty crganic residue, brown in color, on sitt over fine
gravel,
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All such evidence indicates comparative youth of the local muskeg;
its history is much the same as thal of similar muskegs elsewhere in
this district. The [aets at hand are not sufficient, however, to de-
termine approximately the time that has elapsed since the muskeg
began its development and formation on the silt and gravel. The
advance of vegetation in its successional stages and an approximation
ol the conditions existing at earlier times have been among the
principal subjects of peat investigations in the territory. It remains
for [uture observations to determine the rate of accumulation of pent
muterial and to discover Uie length of time sinee the surface of mineral
soils became exposed upon which muskegs are in process of astive
development in a changing environment, How much further the
changes it surface vegetalion are going, cannot be stated. It is
eutirely possible. however, thal the present stages in muskeg develop-
ment are only a forerunner of a type of forest closely adjusted to the
conditions of the climatic elimax of the region.

PEAT RESOURCES IN INTERIOR ALASKA

The main topographic features of interior Alaska correspond in a
broad way to a central platenu.  For the most part this region is »
gently rolling upland broken by a number of rounded domes and
mountain groups, and diversilied by many broad valleys. It is
trained into Bering Sea by the Kuskokwim, Tanana, Yukon, and
ather rivers and their tributavics, and ineludes o number of lowland
areas of considerable extent covered in places with muskegs.

The greater part ol the upland has an average clevation of 300 feet
and seldom rises to more than 600 fect. [t supports forests of open
woodland types which are largely conlined to the valley {loors and the
lowest slopes of ridges. The stands are mixtures of spruce and
birch. Cottonwood groves are frequently seen nlong the larger streams
an tamarack also grows o this region,  In the main the trees are too
small to be commercial timber but are highly important for big gnme
andd fur bearers.  Over large areas the ground remains perma nently
frozen; during summers it thaws to shellow depth only, ranging from
20 to 30 inches below the surface.

The climale is continental in type.  Precipitation is small, varying
locally from 10 to 16 inches a year, of which approximately onelhall
comes during the growing season.  The winters are long and eold,
the temperature averaging less than —20° for January and often
dropping to below the minimum of —66° for continental United States.
The annual snowfall varies from 3 {0 8 leet.  The summers are short
and warm with g growing season from 80 to 90 days. I{ is quite
generally the opinion among older residents of the country that
present-day methods of bydraulie mining have redueced the flow of
erocks and lowered ground-water leveols.

The climate is generally such as to faver agricultural possibilities
of the land.  The prelonged daylight in summer enables grain erops
to make rapid growth, and vegetables like eabbage, eclery, and lottuce
attain large size during the short season even well within the Aretic
Circle. The principal area available for agricultural settlement is the
Tanana Valley, Information regarding soils has been published by
Bennett and Rice (3) and publications giving the resulis of agri-
culturel experiments are issued by the College of Agriculture of the
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University of Alaska (7). The most importent farm crops are
grains, root crops, and potatoes. Oats and barley are grown both
for grain and forage. Pasture is available for 4 months of the venr
and the Tanana region is well suited to daivying and for the produc-
tion of hogs. Gardening is successlul in nearly every town and in
several outlying distriets, and o variety of edible wild berries can be
gathered in many places,

Fairbanks is the prinvipal city of the interior and the seat of the
University of Alaska, 1t is Jocated almost exactly in the geographical
center of Alaska,  As a focul point of transportation, it is the northern
terminus of the Alaska Railroad, the Richardson Highway, the Sfeese
Highway —and of various aiv routes.

Muskres oF rite Mov~t MaKisney Ravce

This district lies on the south flank of the Alaske Range and in-
cludes the southeast side of Mount MeKinley (Mount Denali). 1t
has been descriled in reports by Tuck (38), Capps (6) and Moffit (28).
The relief of the area ranges in clevation [rom 500 fect along the
Chulitna River to 20,300 feet at Mount MeKinley,  Practically the
entive district, with the exception of the higher pesks and ridges, has
been glrciated.  The Busitna River and its tributary, the Chulitna,
flow in broad vallevs and drain the larger part of the district. The
Alaska Railroad follows the cast bank of the Susitna River and most of
the muskegs in the valley and on the pass ean be easily veached from
peints along the railroad.

HUHRICANE {NO, 38)

Between mile 283 and 284 on the Alaska Railroad are gravel and
rock walls, several hundred foel above the Chulitna River. The
tocation is not far from Euericane Guleh.  In construeting the roadbed
& cut was made which extends practically through the entire length
of & muskeg. The depression which the muskeg occupies is concave
but narrow, and its depth in the central portion averages 10 feet.
The glacial material at the hase s sandy gravel which has an uneven
surfnce and contains organie residues.

Seatlered stunted black spruce (Picea mariana), and dwarf birch
{Betule glandidosa), low shrubs of Ledum groenfandicum, Androm-
eda  polifolia, Kalmia glunea, Potentilla fruticosa, and Vaeceinium
uliginosum, in o ground cover of sphagmmm mosses in hummocks
nearly a loot in dinmeter and § inches high, with their associibes
fmpetrum nagram, sundew, cranberry, and tussocky sedges (Seirpus
caespitosus, [riophorum sp.) give a floristic aspect to the muskeg.
In burned-over openings are fireweed (Chamaencriore angustifolium),
reedgrass ((alamagrostis sp.), a few anemones, gentians, and aster,

On the enst side of the railroad bed, the cuf exposes the shallower
marging of the muskeg. The material consists generally of conifer
debris partially decomposed, more or less embedded in crumbly woody
peat averaging 4 feet in thickness. 1t contains two superposed lavers
of stumips and roots of spruce and bireh, which are separated by & seam
of grayish white voleanic ash ranging between 3% and 6 inches in
thickness. The reaction of the woody peat is pH 4.5 and that of the
voleanic ash is pH 5.8 to 6.0
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Exposures ulong the west side of the cut reveal un upper layer of
brown, fibrous sedge peat which is felty-matted in places. [Laverages
a thickness of 6 to 7 feel wnd has a reaction of pkl 5.5, At the surface
are 3 to 4 inches of spongy-fibered sphagnum mess peal strongly acid
in reaction; near the 4-foot level below the surface is an intercalated
3-inch seam of voleanie nsh which is doubtless of the snne age as the
faver of nsh along the eastern margin of the muskeg.  Below the sedgze
is vellowish brown, well-preserved. somewhat Inminated hypuum peat
ranging from 2 to 3 feet in thickness. 1t is tu be noted that hoth sedye
and hypmnm peat form a thicker layer in the deeper portions of the
nuuskeg,  The Inyer of hypnum peal is free from voleanic ash but i
containg at the Iower level plant renaing representing various sedges
and wquatic vegetation,

From the Mets stated above it appears thaf the depression may
have heen for a time a water hasin which supported floating mats of
[ypmaceae and pond weeds, It was later tenanted by sedges wnd
particulnrly by trees on the slopes facing the west.  Sphagnum
mosses hove dominated the muskeg only within relatively recent
times.

BROAD PASS (Now 39

The nppronch to Broad Pass from Hurrieane Guleh is a more or less
erndunl aseent. The poss iself Is deseribed by Motlitt (28) as 2
gravel-floored flat several miles wide, af an elevation of about 2,350
feot above sew fevel, 1t is drained primarily by Nenana and Chulitna,
Rivers and near it is Suwmmit Lake, which marks o watershed draining
both to the Bering Sea and the Pacifie, § ¢, between Cook Inlet and
the Yukon River.

The region is near the timber line. The muskegs have a seattered
and serubby growth of spruee and muceh ol the vndergrowth and
around cover 18 not unlike that encountered farther sonth,  Willows
and alder oceur along the small tributnry erecks, while grasses as well
as sedges are relatively more abundant in wetter portions of the
muskees. the latter lorming characteristic tussocks that are rused
nhave the water level.

Profile soundings agree in showing & brown, [eity-fibered and
rlosely matted sedge peat, averaging 3% feot in thickness, underlain
hy greenish-blue sandy gravel. At the surfuce, the luyer contains an
admixture of sphagnum moss peat, and al a depth of 2 feet below the
surface, is n thin bed of gray voleanic ash of elayey consistence.

THORODFARE PASS (NG, KM

The bhighway within the eastern portion of Mount MeKinley
Nutional Park erogses open mountain valleys, slopes of Toothills, and
severn! mountain passes al an alfitude of 3.000 leel oy more abave sea
level. A spur. 14 miles in length, conneets the main highway wiih
Wonder lLake.

Muskegs were observed on the passes. espeeinlly between Thovo-
fare Pass and Wonder Lake, but were studied hastily only v passing.
They are small in areal extent and show o matike growth charae-
teristic of high mountain altitudes and the rigors of the climate.
Sproces and heath shrubs, such as Ledum and ndromeda, have a
relutively smaller part in the foristic composition of the surfucc
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vegetation than tussocky sedges and Lhe low cushions of sphagnum
mosses on which are found Fmpetriom wigrum and soveral herbaceous
ussocintes,  Transitions lend 1o nlpine vegelution having & foothold
0 stony ground and loose rock (alus.  An oxamination of any par-
ticular transitional stage that passes into muskeg reveals laek of
definiteness in the type of plant communilics. A number of plunts
such as Belula glandulose, Kmpetrum, Vaceinium and Eriophorum are
indifferent Lo v peaty habitat; they intermingle with the small clumps,
rosettes, and carpets formed by species of Sarifraga, Diryas, Arvcto
staphylos, Silene, and others which find their most characloristio
development on the bare stony ground.

Profile samples obtained in different places show that the peat has
heen accumulated ehiefly by sedges and thal hyphum mosses necom-
punied  them in the carly stages of muskeg development. The
mterial is brows, matied-fibrous, pH 5.0 in renction, and the thick-
ness of the layer averages 2 foel, probably representing u considerable
fength of time at those high altitudes and short growing seusons.  The
sedge peat is underluin by sandy gravel over stony gravel.

An enumerntion was made of the plants on muskegs which occur
in depressions on talus sloping to MeKinley River. I gives & good
indieation of the degree of local variation.  The list includes Potentilia
Sruticosa, Rubus chamacmorus, Cornus canadensis, Vaceinium wliginn-
sum var. alpinum, and species of Delphinium, Pediendaris, Arteminig,
and Valerione.  As o rule the plants have a meager root system
which is mainly superficial, although exceptions wore noted where
the development of rools is fairly large.

In the fMats on MeRinley River, shallow pools of water wore ex-
anuned which nre fed by springs and give a mildly alkaline reaction

tpll 8.0v. Along the margins a ealearcous crust and granules of
marl formed by blue-green algae cover stones ns well as aquatic
plants, mainly Hypnaceae and a species of Pofamogeton.  The layer of
marl is thin, rarely exceeding 2 or 3 inches in thickness.

Muskees or riHE Fairpanks Dhstiey

The Fairbunks distriel forms part of the semiarid central platenu
of Aluskua.  Prindle (32) recognizes three Lopographic divisions: The
Tanana lowland which merges with the foothills of the Alaska Range;
the upland north of the Tanana valley, and the Yukon lowland.
The mean altitude of the valley floors Is from 400 to 800 feet and
that of the uplund and summits in the Sawtooth Mountains from
1,500 to 3.000 feet sbove sen level,

The Tanana lowland is a broad flat which widens toward the
Yukon. 1t is more or less timbored und eontains muskegs and lakes
some of which are the reminants of former walercourses.

The dominant lopographic leatures of the upland north of the
Panana are slightly rounded. domelike ridges separated in most of the
area by comparatively narrow, closely-spaced valleys. Some of the
valley floors have muskegs.

The Yukon flats include many meandering streams with Inkes and
muskegs.  Near the water courses the flats ave timbered and the trees
grow to considerable size.  Among the most characteristic and gener-
aily distributed trees in the Furbanks district are spruce, birch,
poplar, and tamarnck. The smaller streams sre olten bordersd by
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willow and alder, and the muskegs have a ground cover of sphaghum
mosses in which cottongrass, sedges, blucherries, eranberries, and
others are locally abundant. Sphagnum mosses have heen utilized
for stopping leaks in dams and dibehes and for roofing and chinking log
cabins, sluice boxes, and mine shafts, The hydraulic methods,
practiced in the region to work gold-benring grevels have greatly
gecelerated the destruction of muskegs.

FATRBANKS (NO, 4y

Fairbanks is situaled on Chena Slough, & chiannel of Tauana River.
Northwest of it, between the universily farm and the eity, is 2 muskeg
loeated in seetion 33 of T. 1 N, R. 1 W, aboul 1 miles from the
Alaska Reilroad at College, Alaska. A graded rond crosses the
muskeg at its southern end.

Figrng 2L—"Test pit dug severnl years ago In muskeg near the University at
Fairbanks; an carly altempt gt commerelal oxploitation, 1t is now flled with
witter and supports Hoating mals of cotlongrass nnd sphagnum mosses.

The muskeg comprises over 440 neves and occupies 2 basinlike depres-
sion.  The vegetation is essentinlly similar Lo that of the muskegs in the
valleysnorthol Fairbanksbut therelativeabundaneediflers und the chief
fenfure of interest in this area is the presence of tamarack as well as
spruce.  The whole muskeg, and particularly the more eentral portion, is
dominated by actively growing sphagnum mosses (Sphugnum medium,
S, fuseum, 8. rubrum, and others), which florm hwmmoeks abhout
1} feet nbove the intervening hollows.  In the outer marginal portions
several sedges are prominent, and the sphagnum mosses decrease in
amount. The stand of spruce is Lhicker and usunlly with an under-
growth of heaths which can bear moderale shading and a lower water
evel.  The taller trees and heaths [ringe the shallower margins.  In
the more open cenler, the plints charaeteristic of the ground cover on
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the weottor hununocks inelude Yeeeinium rilis-tdaea var, minus, ubux
chamaemorus, cranberry, and sundew.  The somewhat drier hummocks
support Ledum groenlundicum. Chamadaphne calyenlata, Andromeda
pelifolia, Betule glenduiosa, severnd blucherries, awd oceasionally o
seedling of tamaraek and spruee.  Subordinate species are colton-
grass ALorioplorem spa and lichens. Very lLittle zonation of the
vegetation is Lo be seen bul as the center of the muskeg is approached,
the tree growth s more dwarled and seattered and humnwoeks of
sphagnum mosses beeowe relatively more abundant,

A test pit dug several years ago, now lilled with water snd support-
ing guaking mnts of cottongrass nnd sphagnum mosses (g, 21 dil
not reach bottom. I diselosed that the muskeg s frozen below the
surface with the exception of o few inehes of surlace thaw during the
summer months.  Profile soundings made near the test pit and a
several othier points show the lollowing:

034 Tuet s sphgnn moss pent; the (epieal color is reddisli-browas, the strnelure
i~ spongy Bbrous, and the reaction pH L0; o variant is yollowish-brown material
near the 2-fuot tevel which contaius an tuclnsion of volennie asb aud an admistuee
of roots and rldzomoes of sedges,

34 ol fect: woody sedpe pert, dark brown in color awd mwore or less ernnthiy;
must of the layer s composed of woody Fragments derived from shrabby heathy
and eonifers: Nat-rooted stumps veeur near the 3-fooi levol,

4 -6 feer; moss and sedge peat; the apper portion of the laver contains small
amotnts of woody material, is reddish-hrown 1n color and somewhat decomposed:
Below it, the materind is fibrous matied moss and sedge pesi; some of i shows
plant remnins from fyprecear: at the lower level the mmterial is inoa froxen eon-
dition, preventivg further soonudings,

It should be emphasized that the profile scetion, deseribed above,
does wol represent layers or peal material at equal depths elsewhere
in this muskeg.  The cxposures of muskegs in the Goldstream Valley
and at Fox exhibit a thickness of moss peat and profile features that
may nol e unecommon in this area,  Sphagnum mosses have charae-
terned the recent stages of muskeg developnent and might be expeetod
to have contributed more extensive and thicker layvers of moss peat
than observed so fnr in the Fairbanks muskeg. The plant remains
which comprise 2 Inyer of poat, the quality or purity of the peat
materials, as well as the struetural sequence of the separate layers
depend lnrgely upon the particular environmental conditions of the
stream valley, notably upon the water supply and the reliol of the
underlying mineral substratum upon which the muskeg began to
develop.  Further investigntion of profile features in this area is very
desirable for an wnderstanding of important ecologicnl relationships
and mdustrial possibilities.  [Uis evident that experience and familiar-
ity with the prineiplos of the process of muskeg fermation will nid
in recognizing inheren! differences and locating areas of peat Lhat
have commereinl valoe,

COLDSTREAM {¥in 12)

[n the Fairbaoks disteiet muskegs wre not uncommon in the stream
valleys Lthat are productive of placer gold mining.  Fox Valley, Gold-
stream Valley, the valley of Enginesr Creek, Bster Croek, and others
in the vieinity of Fairbanks are of this charactor. A map of their
general distribution is shown i the report by Hill (273, Most of
them are solidly frozen and open-cut methods of mining are applied
where conditions are particularly lavorable Tor using hydraulic equip-
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ment i 220 0 The material exposed by these mining oxeqvations
fnelindes varions Nods of peal and underlying hods of el Sl sand.
and ceavel deposited noder conditions predominanty alluvial, but in
part abo laeusteime Prindle 222 eivee the Tollos e example a~ a
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record of superimposed beds in a columnar scetion of Dome Creek

Valley
’ fhepih {feef) Depth {feet)
Muck._._. . Gflee .. e ol 11
lee . 0} Muck . . 44
Muek . . . 12} Gravel L 33

A more detailed observation of sections examined during this
investigation shows lavers of ice which contain thin layvers of stratified
gravel or sand and are cupped by several feet of gravel; beds of vol-
canie ash varying in thickness; and doeposits of poat ultvrnabmg w:th
thick layers of ‘-:l]b\’ organic residue to which the term “muck”
applicd by miners. The noteworthy characteristics of the va.llcy
deposits ave the great depth of material, generally ranging from 80 to
250 feet in the larger and wider \':1llvvc; bheir consolidation by iee,
the strong “bibuminous™ odor of the ergeanie matter, and the tooth
tusks, and bones of mammobly, nmstodon, elk, and other extinet
animals that are frequently found at lower levels in the alluvial
materinl overlying bedrock, Representative fossils are in the collce-
tions of the University of Alaska Museum m\d in the American
Museum of Natural [[|st0rv in New York (fig. 22, B).

The Goldstream Valley may [airly be “considered an avernge
example, and its history mayv have been much the same as that of
sinilar vallevs in this district. Scetious exposed there indieate at
Ieast four superimposed muskegs which developed during successive
{interglacial?) periods.

The carliest peat formation developed over the gold-bearing gravel
onn bedrock. The materiel consists of coarsely fibered sedge peat,
in places showing stumps of spruce and bireh with sphagnum mosses;
it 15 generally overlain by ice. A typical eross scetion of the second
deposit of peat, some 12 to 15 feef ubove the base, is composed of
woody sedge peat in an advanced degree of alteration, with two to
three layers of stumps and roots of spruce and birch, woody fragments
[rom heath shrubs, and patches of sphagnum mosses; it is usually
capped by sand and gravel. Approximately 10 to 12 fect below the
present surface is n third stage of peat formation. The material s
mainly fibrous, tussocky sedge peat which in its upper portion contains
woody material, an admixture of Hypnum, Polytrichum, and plant
remains (rom sphagnum mosses; it overlies silt on gravel and is
covered with silt or steatified silty organic residue. On the surface
back from the croding bluff is the muskvg of recent age but much
disturbed by the mining operitions.

A shorl distanee from the highway and about 2 miles west of the
town of Ifex, a [ew remnnts of a muskeg were examined which, before
the removal of the overburden, extended acress o large portion of
Goldstream Valley,

The vegetation, history, and changes in conditions that must linve
charncterized the muskeg during the receat period of its development
are shown in the following profile features:

0 3% feet; spaghman moss peat; for the fiest 10 inehes the materinl is light
brown, prayish tinted, compnet and glightly deeomposed; the next 15 inches are
yellew Brown in eolor, spongy fibrous, and shade into moss peat which contains
wondly materinl from varions shruhby henths.

3y iy Teel; woody sedge peat; the upper portion coutains eoarse tibrous
tussocky materinl [rom cottongrass wnd sedes; pear the 4-loot level are stuinps
of spruce rooted in dark-brown woody peat.
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44-6 feet; sphagiinn moss peat; yellow brown, spongy fibrous in 8 more or
less frozen condition and flaky in structure; it contains small leafy fragments
and woody material derived chicfly froin heath shrubs,

6-8 feet; sedge and hypanum peat; ® yellow brown in color, laminated; at the
lower level the plant remains are compact and consist of Hypnaceae, well preserved
and relatively free from rhizomes and roots of sedges,

8-§ feel; woody peat; dark brown in eolor, contains needles, leaves, and loose
woody material from conifers and heath shrub; merges more or less sharply into
gray volcanic ash over silt,

FOX (NO. 43)

Another locality et which muskegs are well developed is the terrace
deposit bordering Goldstream Valley and Ester Creck. The fact that
they are fairly undisturbed and were observed at several other local-
ities indicates the need for more detailed peat investigations through-
out the districk.

In section 31, T. 2 N., R. 1 I, mining excavations have exposed
the front of o terrace directly east of Fox near the mouth of Fox Guleh.
The material observed in the verticel cross section consists of gravel
overlaid by micaceous silt and mantied by peat 7 to 8 feet in thickness.

The surface vegetation resembles that of the Fairbanks muskeg.
It consists of a border of tussocky sedges varying in width. The
central portion of the muskeg is composed of small irregular hum-
mocks of sphegnum mosses on which grow Empetrum nmgrum, Vae-
cinium vitis-idaea var. minus, Rubus chamaemorus, cranberry, sundew,
and patches of Polytrichum sp. The dominant heaths arve Ledum
groenlandicum and various blueberries. Birch is represented by ocea-
sional, isolated, low-growing plants of Betule glandulose, and the few
conifers are dwarfed forins of spruce associated with tamarack,

A typical cross seetion exposed in the cut bank of the terrace deposit
shows the following:

0-34 inches; sphognum moss peat, straw-colored shading to veliow brown,
spongy-fibrous, relatively [ree from woody materinl and rhizomes, compact and
distinetly lamioated at (he lower level.

34-87 inches; small stumps of spruce and flat-based roots of spruce in dark
brown moderately decosnposed moss peat; containg an ndinixture of woody mate-
riai from heath shrubs. )

37-80 inches; sphaginn moss pest, reddish brown in eolor, more or less com-
pact and laminated; Haky when dry; below the 8-foot level the naterinl contains
?malil amounts of rhizomes snd rootlets from cottongrass and woody roots from
1enthis,

80--82 inchoes; sedge peat, grey brown in color, fibrous matied, composed in
targe part of well-preserved sheaths and fiat, jointed rhizomes of tussoeky sedges,

92--85 inehes; woody pea!, dark reddish brown in color, crumbly; contains
bark of birch and spruce, needles, icaves, snd woody material from ericaccous
shrubs, roots, and stumps of spruce; at the baen, the woody peat merges with a
thin lnyer of conrse fibrous sedge peat; root channels extend into the underiving
mineral substratinn.

94 ioches; gray, micaceous silt fincly stratified, probably deposited during
Incustrine eonditions or by stroam aetion. .

Lt seems clear from the profile features deseribed that the mineral
and organic deposits in the valleys of this region have great scientific
interest. The district has not been cxposed to dircet glaciation.
Deposition of materials in the valleys began, doubtless, in the early

il _\'immn et Ix best developed fn the Yukon fnts where ttiskers occupy sholiow teprossions.  Mate-

cialealicoted by Suas O, White of the Aluska Gamie Comnission, and taken st diifecent levels from o muskeg
exposet] on the steoper siedos of the open fnt eolicy abot 1 mile northwest of Cirele, indivotes that plant
remalns fromt Hiy puncenr prodominate In all lovels nnd extend down eontimitonsly from thesarives (o within
& few inchos of the durk gray micneeous e saml about 5 feet helow, 'Phe materisl from the 2- to 5efoot
lzvol contrins rhizomes and rantlels frot sedges with sill probabiy from fiead stages of the river,
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stages of the Pleistocene and continued to the present time, Condi-
tions were somewhat different from those now prevailing.  Of par-
ticular interest is the frozen condifion, known to exist also in northern
Canada and which bas been deseribed by Nikiforofi (30) for northern
Asia.  The exeavations in the valleys offer a unigue opportunity for
a study of the history of this region; the sequence of events connecetod
with periods of more abundant preeipitation wnd active erosion. [ol-
lowed by perieds of peat aceumulation; changes in elevation, in cli-
matic conditions, and in the movement and development of fauna
and flora. The valley deposits contain invaluable and continuous
records daling back into the prelustoric past and inelude bones of
extinet animel life and the plant remains ol interglacial peat deposits.
There are, evidently, elues to ald in determining how many of the
major elwial stages of the Pleistocene the valleys represent, and
whoether the profile sections of more reeent muskegs record advances
nndl retrents of the lust glaciation, or substages of an interelucial
poriod {p. 28), rather than alternating cold and warm epochs. It
seems probable also that the layers of voleanic ash in muslegs are
very nearly contemporancous,  They may serve, therefore. as
means of correlating profile leatures of muskegs in this region and
aid in locating the voleaneoes that produced the ash in these deposits,
At present many of the vallexs are rapidly being destroved and
great stretebes are now hare, stony valley lloors.  [1 s hoped that at
least portions of some of the valleys may he set aside as 4 reserve lor
seientifie investigations.

SUGGLESTIONS PFOR COMMERCIAL UTILIZATION OF PEAT
RESOURCES IN ALASKA

In the earlier part of this report the subject of muskegs has been
considered [rom several viewpoints.  Stratification or arrangement of
peat layers below the surlace 1s the most distinetive structural feature:
it arises from dillerences in plant remains that sccumulated under
changing conditions of environment. The character of the peat-
forming vegetation and the influence of climate and topography.
mineral substratum, and ground water nutrients that constitute the
environment are the more important factors in the extensive develop-
ment of muskegs and in thelr elassification.

Alarge proportion of muskegs are located along the shores of Istands
and. the mainland. Those developed on seaward slopes and valley
flats, are relagively accessible, and are capable of serving as a source
of humus-forming organic material lor the continental United States.
O1 special significance are layers of sedge peat and sphagnum moss
peat. The possible thickness of these layers ranges from 4 to more
than 6 feet. What quantity can be supplied by the territory is still
problematical.  The data in band are too inadequute to form the
basis for any elose estinuute but it cannot be doubted that the reserves
are large.,

Under present cireumstanees, a basis for browd consideration of the
uses of the territory's peat resourcesislocking. The possibility of eatab-
lishing n local small-scale peat indusiry seems definitely fuvorable at
this ttme. Bui the difliculties affecting the economy of Aluska are
the highly seasonal industries operating for short periods in summer
in nreas with & sparse population.  This gives tse to special problems
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In transportation and planning (47}. It requires the continuing
transfer of labor from seasonal aetivities to some other form of seasona
employment. If a peat industry holds out & new prospect of employ-
ment. then it is destrable to make & more thorough survey and study
of the problem than the time at the disposal of the writer permitted.

The development of a peat industry in Alaska must inevitably be
by & series of steps. To aid iIn this exploitation, it would be well to
pomt out what has been done in the past and is now in progress along
those lines, In the following, it is not the intention to enter into
techoieal or theoretical phases bearing on a plan for the development
of peat resources, except to point out that a practical working method
capable of commercial operation and redueing the cost of production
15 an essential preliminary step toward the establishment of a peat
industry in Alaske or continental United States.

ImporTance oF CommerciaL PEar Pronuction

The eommercial produetion of peat in continental United States has
fluctuated from year to vear (fig. 23), but the trend upward has been
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Fiorar 23.---Developient of domestic pest industry in continental United States
during 1908-38, based on reports of the United States Burcau of Mines (39)

greater in recent years than at any time in the past. The domestic
procuction of peat first attained commercial importance in 1908, A
pesk was reached during the World War in 1917 and 1918.

The guantity and value of the output in recent vears, and of the
annual supply of peat that is being imported, are given in table 1.
It should, however, be borne in mind that the figures on domestic
production are not complete. They do not represent the total pro-
duction of peat in the United States or the different kinds of peat
material marketed, and they do not take inte consideration the many
small producers as well as munieipalitios which operate plants for
local use. The stops taken toward standardizing grades of peat in
this country indicate a growing knowledge regarding the commedity
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and an appreciation of the value of selected products for use as organic
soil amendments and for various other purposes for which the demand
is increasing.

TaBLE 1~ Guantily end value of peal produced in the Undited Stales | end tmporled?

Vahae of
Quantity domestie |
Year D Usitod | faporicy |Productionta | TRU00!
Gtates . the United
& . States
Short {ens Sfort tonx i
2.7 0 R §2BB, 537 |
. 364, 104
. 709, 000 .
.............. 1,047,243
464 705, 532 §16, 345
2,762 821, 732 30, 201
3. 450 260, 119 22,751
4, 805 397,720 33,034
5 973 370, 834 43, 184
5, 541 395,470 47, 208
10, 233 452,988 121,719
16. 663 364, 413 174, 241
T 326, 540
L, 087 | .__ 422,275
1 657, 145
V0,466 §_ ... 869, 381
, 028 |- 482, 553
64,700 0 . 601, 372
E 100} b PR, 442, 760
44, 132 214, 185 547, 353
B4 547 109,377 677,513
T8, NG 266, 883 954, BOT
86, 871 305,126 1,218,127
69, 508 ! 288, 127 1,082 942
78, 611 ' 362,086 1,204,883

¥ ﬁr%rln eompllations by the T, 8. Qealogieal Survey wnd the Buccau of Mined, Data for 1827-33 not
available.
t From cotipilations by the Bureso of Mines, No imparts previous to 1918,

Relatively few States as yet produce the larger part of the total for
the Untted States. Repotts covering the production of peat in 1939
were received by the Bureau of Mines from 39 producers operating in
15 States. The distribution of producing plants indicates that existing
nperations are determined largely by the scope of the regional market
but limited by the geographical location of the peat area and the
degree of skill empioyed in selection and preparation of the peat
material. New Jersey and New York were the leading producing
States jn 1939, Other States, in the order of quantity of output
reported, were Michigan, California, Florida, Colorado, Ohio, Minne-
sota, Towa, Washington, Pennsylvania, Maine, New Hampshire, and
Massachusetts,

IasporTs BY ForREIcN COUNTRIES

Imports of moss peat first began in 1919 and have increased steadily
in recent years. The annual supply of forcign moss peat has been
mainly from Europe and to a lesser extent from Canade and Japan.
A glance at table 2 will show that Germany and Sweden supplied the
larger quantity of the material, that the average value per ton has
been rising, and that the total value of imports of moss peat has passed
the million dollar mark. The Bureau of Mines (89) reports that, of
the total imports, approximately 82 percent was received in 1937
through customs districts at Atlantic ports, 21 percent at Gulf ports,
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16 percent it Pacific coast ports, and i percent at Canadian border
ports of entry.

TasLE 2——Peut mnss {mported for consumption in the Uniled States, 1937-38, by

couniries
imports in 1937 : Imports o 1938
Country :
Cruantity ‘ Yalue Quandity Value
Bhort {ons Short lone

Belgium.......... 32 6,04 [ oL el
Coanada_ ... __.. 3,474 68, T30 3,380 481, 167
BPeomark ..., 1, K 18, 830 1,239 17,243
Estonia__ I i 1,13% 20, G18 1, 4806 26, 514
Finland.. .o o i i immneean [ P i 1, B9
Germany. 53,628 30, 218 36, 381 525, 564
Tapan. .. | {1 1 S R
Latvia . .. 1,414 &3, GH2 1,604 34, 166
Netherland: 5018 ¢ 65, HL 6, 700 65, 568
Norway.... ... 18, 604 Tdd 13,325
Poland and Danzig .o o i e [ 229 3, 45
BwedeD ... - 19, 58 338, 962 15,127 282, 234
U. 5. 5. K. (Russia}. . 1,250 17, 918 1,433 25, 455
Taited Kingdom. ..o o 707 11, 030 498 | , 402

Total ... 86, 871 IF 1,219,127 69, 509 I 1,002, 942

STANDARDS AND SPECIFICATIONS FOR CoMMERcIAL PeEaT PRODUCTS

As an initial step toward standardizing the various kinds of peat
now placed on. the market, attempts were made several years ago to
distinguish between the commercial peat products with respect to
botanical composition as well as to physical and chemical properties
and value for soil improvement (12). Of great importance to the
peat industry is the fact that the Treasury Department, through its
Procurement Division, has adopted standards for grades of o numbaer
of distinct types of peat recognized commercially and has issued
specifications and proposals fo cover the purchase of three kinds of
humnus-forming peat material required by the Federal Government.
Standards have been set up in order that in the event of an emergency,
quantity production will not be delayed by lack of information, and
that operating plants may produce a uniform quality of peat material
when and where needed.

The standardization of peat products implies the selection of & few
types that are most suitable for the purposes desired. Speecifieations,
on the other hand, are concerned with 2 description of the character-
istics of the type of peat to be procured. It is evident that the peat
industry can largely influence the work of standardization by coop-
erating with the respective Federal agencies. Fven those producers
and dealers who are not interested In procuring Government con-
tracts should familiarize themselves with the specifications for the
grades of peat produced in this country and they should be bound
by these specifications in all work pertaining to soil improvement.

The following schedule, specifying price, unit, and time of delivery,
has becn adopted tentatively by the Proeurement Division of the
Treasury Departinent {or supplies of peat materials which the Govern-
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ment purchases for use by Federal departments and other establish-

ments:

Moss litter:

Sphagnum mwss; light grayish green. whitish. or
pinkish colored, undecompaosed, well air-dricd,
derived or gathered from surfaee growth of
sphagnum mosses; free from pine needles, twigs
of woody shrubs, and other fmpurities; acid
reaction varving between pH 4.0 and 5.0. water-
absorbing eapacity ranging from 1100 to 2,100
pereent: shall contain approximately 30 per- -
cent meisture by weight on oven-dried basis:
3-pound sample required:

{1} By the bale -

{2} By the 10 bales. .

{3} By the carload: sfate approximate num-
ber of bales to carlomd_ .

Peat:

Moss (Sphagnum) peat; brown; acid reaction
approximately 4 to 3 pH; free of wond ma-
terial, and mineral matter such as sulfur and
iron;: in air-dry condition; water-absorbing ca-
pacity varving from 1,100 to 2.000 percent: -
shall contain approximately 35 percent mois- -
ture by weight on oven-dried basis: if satisfac- -
tory in other respects, moisture content in ex-
cess 0f 30 percent may be accepted, but settle-
ment will be made on weights corrected to 33
percent maisture basis; bidder should state
approximate number of pounds to bale: 5-pound
sample required: :

Horticultural grade; granuiated or shredded:

{1 By the bale.. . . '

{2) By the 10 bales._. . :

(3} By the carload; state approximate
number of bales to ecarload. .. .

Pouitry litter grade:

1) By the bale . el
(2) By the 10 bales.oocn. o owmenn ..
Stable bedding:
(1) Bythebale ... __..__.__..
(2) By the 10 bales_ _____.. .
{(3) By the carload; state appro-umate
number of bales to carload__.. :

Reed peat or sedge peat; brown; fibrous, shredded
coarse or fine; low ash content (8 to 10 per-
cent); low in mineral materiel such as iron and
sulfnr; low in eontent of weody material;
watcr-absorbing eapacity ranging from 350 to
BO0 percent; wafer content not to exceed 45
percent by weight on oven-dried basis; if satis-
factory in other respects, moisture content in
excess of 45 percent may he accepted, but
settlement will be made on basis of weights |
corrected to 45 percent moisture content; 3-
pound samples required:

Acid gmdc; reaction may vary from 4.5 to
b

1 By the 10fl-pound bag or 200- pound

baleorhex__.. . .. _ ... | ______ :

LTnit

SLie of

Slelivery
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Priee Uit Time of
delivery

Peat—Continued.
Reed peat or sledge pent—Coniinued.
Acid grade—Continued. :

{2y By the ton {2,000 pounds); in 100- .
pound bags or 200-pound bales .
orboxes..__ ... . _.__ .

(3) By the earload: loose bulk; state
approximate number of pounds or ;
cubic yards per ton to carload.. |

Slightly acid to slightly alkaline grade: reace- -
tion may vary {from pH 3.5 to 7.5: ;

{1} By the 100-pound bag or 200-pound -
hale or box______. S ‘

{2y By the ton (2000 pounds); in 100-
pound hags or 200-pound bales
orboNes.. . ... . . . _ _._ _j

{8} By the carload; loose bulk; state
approximate number of pounds '
or cubic yards per ton to carload.

Reed muck or sedge muck (peat humus); datk |
brown to black: granulated; slightly acid to |
slightly alkaline in reaction (pH 3.0 to 7.5): ;
free of lumps; low in ash content (§ to 15 per- ;
cent); low in content of woods material and |
minersl matter such as suifur and iron; water-
ahsorbing capacity ranging from 100 to 350 |
percent; water content not to exceed 50 per-
cent by weight on oven-dried basis; moisture
content in excess of 50 percent may be ae- !
cepted, but settlement will be made on basis |
of weights corrected to 50 percent moisture ;
content; &-pound sample required:

In bags of approximately 100 pounds: :

{1} By the bag (bidder to staic oxact ;
number of pounds to the bag). . ..

(2) By the ton (2,000 pounds)_. . . ... _j..

{3) By the carload; loose hulk; state
approximate number of pounds or
cubic yards per ton fo carload._ . -

ADVANTAGES OF PEAT MATERIALS FOR SOIL IMPROVEMENT

The addition of organic matter to seils is one of the oldest methods
used to inprove its physical condition, to reduce run-off and erosion,
and to inerease plant growth. Its greatest effect is on the structure
of mineral soils. Heavy clay seils are lightened, made more granular,
less plastic and consequently more permeable to water, air, roots, and
micro-organisms; in light sandy sois the cffect is in binding the soil
particles, retarding excessive percolation, increasing the stability of
the soil aggregates, and making them more refentive of moisture and
nutrients, The beneficial effects were known to farmers and gardeners
long before it was understood in what ways incorporation of organic
matter in the form of composts or barnyard and green manures acted
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as soll nmendments, served as food for micro-organisms. or augmented
crop proaduction.

A nmumber of distinct types of peat have been used for the purpose
of increasing the content of organic matter in the soil and improving
its condition for the growth of plants, The available literature on
experiments with peat as a soil amendment is extensive and cannot
be reviewed here. However, many previous tests of the value of
peat have failed to deseribe the type and quality of peat used or the
character of the soil to which it was applied. Specific vesults are
known only in a general wiy (23, 26, 36) and no careful experimentasl
investigations have been made of the various cffects under differing
environmental conditions.  These are some of the reasons why many
State and Federal agencies have failed to indicate the necessity for
the development of a program to restore organic matter in soils by
means of humus-forming peat material, and why the general public
lacks information regarding standards of quality and types of peat
and their effeet upon structural changes in soils.

Some of the experiences with peat, notably those having an alkaline
reaction or contnining resinous material, have been found to be un-
favorable, but on the whole sufficient ohservations have been recorded
to demonstrate that o good quality of moss peat, sedge peat, and othor
types of fibrous peat, as well as their decomposed phases (muels), have
considerable potential value for soil improvement when properly
utilized. Thev alter structural conditions and inerease acration anc
movement of water; influence the solubility of soil minerals and aid
in conserving the casily soluble nutrients, as well as thoese contnined
in lertilizers applied te the soil; affect favornhly the growth of roots
of plants and activity of beneficial micro-organisms; increase the
content of soil humus formed from the decomposition of the pent
materials and improve the transfer of soluble salts from parts of the
subsoil accessible to air and roots; and make the surface soil more
friable and capable of absorbing more water than an untreated soil
of the same kind, thus reducing run-ofl and crosion. The loss of
soluble salts duc to leaching can be reduced by ndding humus-forming
types of peat. The soluble nutrients are absorhed and retained for
& time by the peat material, but they are returned to the soil on the
decomposition of the peat; and they add nitrogen through the action
of bacterin that use atmospheric nitrogen and depend on the supply
of organic matter for food, Moss pent and sedge peat appear to
affect also the availability of certein mineral salts and fertilizers,
especially rock phosphate. and make them available for the growth
of suecceding plants,

Siree the addition of organic matter to soils is of great impartance
under most climatic conditions, the type of peat sclected usually
should be one that will produce the largest quantity of humus in the
time desired.  Owing to the uniformity and quelity of the product
and its advantageous physical properties, sphagnum moss peat, as well
as sphagnum moss litter, is serving today a varicly of purposes,
especially in dairy barns, poultry houses, and for horticultural pur-
poses.  In the preparvation of moss litter considerable amounts can he
obtained by raking or harrowing several times during a summer the
surface of deposits on which mosses grow in the form of hummocks.
After exposing the mosses as o thin loose layer to wind and sun, the
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material s conveyed to a suitable storchouse or shed and afterwards
pressed into bales.

A good quality of moss litter has properties similar to moss peat
but is light gravish green or pinkish colored, undecomposed fibrous
material, soft and elastic, a good ahsorber, deodorizer, and insulator
and may be used profitubly for bedding purpeses and lor packing
[ruits, vegetables, fish, menat, and cees.

A goocf quality of moss peat such as that in the Junecauo distriet,
Alaska, is spongy in texture, yellowish brown in eolor, relatively low
i pH reaction (pH 4.0-4.5), low in ash (1.5-3.0 pereent on the dry-
weight hasis) end nitrogen, and high in water-absorbing capacity
{about 1,000-2,500 pereent on a dey-weight basis), It contains appre-
ciable quantities of hemicellulose and cellulose and o relatively low
content of hgnin complexes.  However, the organic components which
tend to enrieh the soil selution or develop a buffering capacity need
a much more adequate characterization; henee further investigations
nnd chemical analyses are necessary.  In moss peat, decomposition is
hastened by the addition of soluble nitrogen and lime; mineral
nutrients in the form of complete fertilizers are also important for a
gradual velease of nutrients.  Composts with sphagnum moss peat,
owing to its disinfecting and deodorizing properties as well as its high
ahsorptive capacity lor ammonin, and the manures obtained from the
use of moss peat as stable and dairy bedding and poultry litter. male
this type of peat n valuable humus-forming organie material and
carrier of fertilizer constituents.  Several commercial preparations
of manure and moss peat. such as “Driconure’” and “Henure,” are on
the market.  Other uses of moss peat inelude mulehing for evergreen
trees and shrubs to prevent injurious effects of alternate freezing and
thawing, and packing of seedlings und cuttings,

Of the other types of peat, the shredded grades of fibrous sedge nnd
reed peat are most commonly used for improving soil conditions. A
good quality of humus-forming reed peat or sedge peat of the tvpe in
the Poetershurg distriet of Alaska. is reddish brown in color, with a
reaction ranging from pH 4.5-6.5, has an ash eontent varying between
3 and 13 percent on a dry weight basis, and o water-absorbing capacity
ranging from 300 to 900 percont on a dry hasis.  Decomposed phases
or muck are usually dark brown in color, are less acid in reaction, con-
tain more mineral matter, and have a mueh lower water-absorbing
capucity on n dryv-weight basis. Many [actors have contributed to
their use: anpual Toss of humus in soils destroved as the result of
cultivation, run-oil, and eresion; deerease in the supply of manure;
increase in concentralion ol chemein] fertilizers: loss of soluble nu-
{rients by leaching: structural changes in surface soils; restrieted and
unsymmetrical growth of roots,

The main advantages from using sedge peont and related types of
peal ns humus-forming materinl are its low ash content, freedom of
weed seeds, and the ease of ineorporating the peat material with a
nuneral seil, making it looser, more friable, more retentive of nutrient
salts, and favoring a {reer movement of water and roots of growing
plants. 1t is mainly as o souree of humus-forming and soil-improving
materinl of 2 relatively peesistent nature that sedge peat, reed peat
and cultivated phases or muck have the greater value, The extent
to which the improvements take place inder varving soil conditions
18 not well known.  Flowever, there is little loss through leaching of




76 TECHNICAL BULLETIN 769, U. § DEPT, OF AGRICULTURE

soluble mineral salts as the peat material undergoes decomposition in
the soil, and the nitrogen contained in the peat in form of resistant
organic complexes becomes partially  available in time. On that
necount sedge and reed peat are nsed also Lo a considerable extent in
making composts. In many parts of the United Stales these types
of peat rould be used to good advantage for making compost heaps.
The practice is an old one, especinlly in European countries.  Some
of the possibilities for composting with f{ish scrap, slaughterhouse
wastes, sewage, lawn clippings, straw, leaves and trimmings from
vegetables, garbage. and other materials are well worth consideration
in order to supply the soil with organic matter and nutricuts.  Among
the publications on this subject are those by Manuns and Goheen (25).
Snyder and Wyant (83). Dachnowski (8), Waksman (42, and others,
Composts contuin mineral constituents in a more availlable form and
they do not cause nitrogen starvation which acecompanivs the decom-
position of raw manure as well as raw pest by micro-organisms.

It should be borne in mind that & peat compost is not a balanced
fertilizer. For this reason it is advisable to supplement it with
chemica) fertilizers, Decomposition of raw ncid peat materials is
improved by the use of available potash. phosphate, and a small
quantity of lime.  An excess of soluble nitrogen retards decomposition
and results in loss.

The rate of application of peat materials or peit composts should
be governed by the character of the seil as well as the kind of plants
te be grown.  Modernte applications will usually bring better results.
Peat materials or composts should be well mixed with the surlface
soil by raking or preferably by means of a compost mixer. Thorough
preparation and granulation of the soil and peat mixture is essential
for the purpose of improving its physical condition and especially
important in the case of humus-forming types of peat. Applications
of moss or sedge peat and muck should be completely turned under
in the fall or early spring to allow for partial decomposition. The
peat materials decompose most rapidly when the soil is well supplied
with moisture and with a liberal dressing of 2 nitrogenous fertilizer.
Some advantage is also claimed for the {urrow method of application
where only a small gquantity of peat or peat compost is required to
increase the content of organic matter in the soil

MeTHoDS EMPLOYED IN THE MaNUFacTURE oF COMMERCIAL PEAT
PropucTs

The processes and operating methods employed for the commereial
utiization of peat resources for fuel and related products have been
described by Odell and Hood (37) and by Haanel (20). A brief state-
ment of the steps taken in the development of a peat industry that
would yield products for use in soll improvements was given earlier
by the writer (i2). It was also pointed out (9) that the suitability
of o peat deposit for economic purposes depends upon (1) location,
fncility for drainage, and nceessibility to shipping points and markets;
(2) tyne and quality of peat material and its relative freedom from
stumps and roots, colloidal organic residues and mineral matter; (3)
depth and thickness of fibrous layers of peat not less than 3 to 5
feet; (4) ncreage sufficent in extent to warrant operations and the
establishment of o plant.
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Aside from their value as a source of fuel for power production,
hydrogenation, carbonizution, and recovery of chemical byproducts,
and as an insulating, packing, and preservative material either in the
form of compact slabs or loose muil, the most successful commerecial
utilization of moss and sedge peat hus been as organic soil amendments,
The objective of the fellowmg account is to describe the esseutial
preliminary operations and to summarize the methods and difficulties
mvolved in the mroduction of marketable humus-forming pent prod-
ucts from muskegs.

DRAINAGE

The first operation in the preparation of an area of peat selected
or commercial utilization should be drainage. Good drainage is
important not only for removing the excess of waler contained mn
pent materials and redueing the weight of the material to be excavated
and handled, but it is essential also for clearing the aven of trees and
ghrubs and producing a firm working surlace. A good drainage outlet
and shallow open ditehes used ns mains and laterals or cross drains are
preferable to a few deep ones, since the effects of a drain extend only
for a short distance from the walls of the ditel.  Where arvens of peat
hiave been overdrained, the water level can be raised and objectionable
conditions enu be remedied or controlled by the use of dams placed
in outlet ditches. The drinage system should be adequate to remove
any excess of water [ollowing o heavy rainfall without resulting
too great a lowering ol the water table and unnecessarily increasing
the risk of damage by fire. A peat deposit settles more or less vapidly
after drainage if the luvers of peat nre coarsely fibrous and the ditehes
are deepencd from vear to vear.

The distance betweon parallel lines of ditches depends on rainfall
and on the tvpe and texture of peat materials, the thiclness and
nivture of the underlymg peat lavers, and the bottom reliel of the
mineral substratum. Peat areas with a convex or ralsed surface ane
those with a sloping surfnce ean be drained as deep as the fibrous
lavers arve found. Flat and wvalley deposits, however, which lie in
water basing, ean be drained only at great expense ().

EXCAVATION

Several methods of exeavating pent material are in use by proclucers
in the attempt to simplify the process, increase the output, nud reduce
the cost of production. The more important ol these methods consist

_of spading, harrowing, and digging by means ol mechanical exeavators.

In Burope mueh of the peat material is excavated with a specially
shuped spade or slane (fig. 24), which cuts two sides of the peat block
al one stroke.  The blocks or sods are brick-shaped and of uniform
size, lifted with forks and spread on the ficld to dry or carried in bar-
rows to o drying area on higher ground adjacent to the peat deposit
for overwintering.  The peat is cut vertically as well as horizontally
in areas in whiel the layers of peat ave uniform, relatively thick, and
show little variation or damage from uneven drying and erumbling.
The sods are generally 5 by 5 by 12 inches in size.  Hand cutling is
resorted o where labor is eheap ond plentiful. A skil{ul workman
is able to cut in 6 hours from 3,000 Lo 4,000 sods.  In such cases the
peat aren is divided inte squares of suitable size. The sods are
spread on the deying ground and later stacked in small loose piles
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for further air-drying or hauled by a smell trackway to the central

ing and operating plant. It is reported that three workmen can
cut and spread approximately 20 tons of air-dried peat in 1 week by
the use of the slane spade as & cutting tool. One ton of air-dried
peat per man per day appears to be the usual estimate, From time to
time various small machines to cut peat sods have been devised but
they have been superseded by more complicated power-operated
exeavators.

1

Frocure 24.—S8lanes used for hand-cutting of hlocks of peat and wethod of
cxeavation.

In this country the surfece of some peat areas is harrowed. The
process is relatively simple and consists essentislly in clearing the
Eeat aren of all vegetation, harrowing the surface, or plowing and later

arrowing it thoroughly in such & manner that the loose material in
the fop few inches evaporates much of its moisture. The type of
peat and drainage conditions of the deposit should determine the
kind of harrew to use. Rototillers and rotary harrows, carried on
caterpiliars, shred a peat layer to considersble depth, while disk har-
rows or spike-tooth and spring-tooth harrows give rise to clods and
lumps of peat material. A thin layer abouti 2 inches or more thick is
air--(?ried to a water content of 45 to 50 percent, scraped or raked
several times, loaded into cars of & light narrow-gauge railway laid
on the peat area at convenient distances. It is then piled or trans-
ported to drying sheds for further treatment.

Hannel (20} states that at the Welland, Canada, peat deposit, five
men with one horse were able to gather about 3,000 cubic fest of
air-dried pest daily which would yield about 23 tons of the com-
merciel product. There are machines with caterpillar traction end
& combined harrowing and elevating mechenism capable of being
reised or lowered sccording to the depth of the harrowing to be made.
The excavating portion scrapes thin slices of peat material and elevates
it to a conveyor from which it is spread over the surface of the peat
aren to a distance of 30 to 50 feet. It forms a thin cover of coarsely
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shredded material which 18 dried by the air and sun,  Sucecessive slices
several inches in thickness ean be seraped or harrowed. spread, and
collected aceording to weather conditions without affecting materially
the drylng process. '

Varlous types of mechanical, automatie, and continnous excavators
have been devised which need not be deseribed or discussed here.
European operaters have devoted considerable attention to these.
Some are of the bucket and endless chain type; but these are un-
suitable for use in peat deposits where roots and stumps of trees and
layers of colloidal or sedimentary peat are present to any extent.
Others are designed to travel on the surface of the peat area by means
of caterpillars with eonveyors or spreaders which automatically
dump peat material on the drying-ground. Still others represent a
floating dredge with pipe-line attachment, or hydraulic excavation
with suetion pump for eonveving the peat in the bottom of a working
treach or pond to the adjscent drying field.  These lines of develop-
ment in Burepe and data relating to the machines used for peat
production may be found in the reports by Haanel (20), Odell and
Hood (381, and Davis (15).

From a national standpoint it is obvious that areas from which peat
has heen excavated, as weli as deposits that cannot be worked for
commercin! or agricuttural uses should be preserved {or storing water
supplies amd as wildlife resorves.

AIR-DRYING

The drying of peat materials on a large-scale production is a f{aetor
of economic importance which has led to the adoption of various

devices for reducing the moisture content. Numerous failures have
resulted from attempts to accomplish the dryving of peat by artificial
methods of dehwdration, either by pressure in various tvpes of ma-
chines or by hent, including partial carbonization. In sll types of
artificinl driers, devised for evaporating the excess water {rom peat,
the necessary pressure or heat is supphed by the combustion of fuel.
The principal cause of [aillure of dehydration projects may, therefore,
he the cost of fuel.  Fruitless efforts along the line of artificinl pressing
and drying lmve convineed Luropean and Canadian investigators of
prominence that the natural air-drving process is the ondy practieal
method from which to expect a reasonable degree of success in pre-
serving the absorptive properties of the material and in attaining a
lower cost of production.

In air-drying opetations, fhe rapidity with which evaporation of
moisture in pent materials oecurs depends principally upon the length
of the drying season and the atmospherie conditions of which wind
and tempersiure are the important fuctors.  The guantity of moisture
in the atmosphere under various conditions of temperature, including
a discussion of the mowsture content of the air in different climates
and regions, are given in publications of the Weather Bureau.

The rate of dryving of eut blocks or barrowed peat spread ou the
field is dependent on the nature of the surface of the drying field, the
method of stacking or spreading the material, and on the seasonal
weather conditions.

A peal depesit covered with sphagnum mosses and sedges. and
properhy drained, provides a [nvorable surlace for drying blocks and
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sods of peat under elimatic conditions of Alaska. The surface of a
burned-over peat deposil, or ane from which the vegetation cover s
been removed. is not suitable for drving blocks of peat. Arcas with
low shrubby growth which can be pressed down by machinery sup-
ported on _caterpillars beeome smooth and efficient drving fields., In
very humid climate or rainy seasons  procedure essentin} to proper
drying of peat sods consists of trestles of various farms, roofed huts,
or drving sheds, A common method in northern Europe is to spear
sods of peat on sharp-pointed stakes or eross-nrms projecling (rom
poles set in the pent area.  Drying procecds freely and shrinknge
takes place on all sides of the peat blocks, il they are turned from time
lo time to expose the underside (o the air. or eolleeted and staelwd in
loose open piles 4 to 5 feet in height. Satisfaefory results have been
obtained by emploving a portable belt convevor supported on eator-
pillars for spreading and eollecting air-dried sods, bul turning ol sods
or blocks s wenerally performed by manual labor and an ordinary
hand ke is (he only implement vequired. Transportation of the
bloeks of peat (o the contral plant may require portable field fracks
and small dump ears which are loaded and delivered to the main traek
by menans of mumual labor or a (ractor.

For harrowed peat materials o different practice is reguired.  The
mnterinl s raked several times and subsequently sernped into piles,
1t remains inon piled condition for several months or clse is trans
ported by belt conveyors or ears Lo storage sheds and spread oul in a
thin layer in order to dry 1o a unilorm moisiure content,  Mechanieal
operations have been devised, with varying suceess, whereby o harrow-
g wnd spreading machine on eaterpillars seatters (he peat material
i long rows parallel (0 nnrrow-gauge tracks and in sueh widths and
thiclkness as may be desirable.  The advantages of this method of
spreading and deving wre important. The malerial is lightly de-
posited, is relutively joose. and in this way a smooth upper surfce is
produred which deies more or less uniformly and rapidly. A further
advantage is that the thickness of the harrowed peat can be regulnted
according to the general drving conditions prevatling, 1. e.. the matorial
is spread more thickly in the summer months and thinner during
later or more miny sensons,

SHREDDING AND GRAIMNG

After bring brought (o the centeal plant. the niv-dried, brick-shaped
blocks of peat as well ns furrow slices and harrowed materinl, inelwi-
ing clods and eonrse lunips. must be passed through o tearing machine
or shredder. Shredding machines ure of different sizes and const rue-
tion but built on the same prineiple.  The simpler type of shredder is
more or less similar to the shredders aned soil mixers used on (he farm
it consists of two drums provided with teeth which rotate with difter-
ent veloeities against vach other. Some of the more complicntod
types, suitahle for commereial peat operations. have rotating or fixed
knives, while others nre swing-hammer shredders which resemble
tiose used Tor shredding pulpwood.  The smaller and simpler shred-
ders ave opernted by hand power and those of larger eapueity are
tlriven by motor powor,

From the shiveddoer the peat material passes through o sereening sys-
tem.  This consists mainly of rotating sieves differing in size of meshes
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and capacity.  The coarser mmterial is removed from the finer grade
and the two products are afterward transfeered to presses or Lo bag-
ging machines and baled or bageed separately.  To prevent the for-
mation of combustible peat dust. it is very important nol to reduee
the moisture content of the material to o poiut below air-drving where
it beeomes brittle, absorbs air, resists wetting, and pulverizes (o peat
dust.

Uniformity 1 type, quality, color, amd texture is of great import-
anee i disposing of any conunercial peat produet.  This cunnot be
seeured without grading.  Standard grades furnish the basis for im-
ports and for trade in domestic types of pent.  Uniform and well-
recognized grades of moss peal, sedee peal, and its various decomposed
phases {mucky are essentin) for market information, inspection, and
siles. Standard Lypes of peal and uniform grades climinate frietion
between producers and dealers. reduee losses eaused by misunder-
standing and rejection. and discourage the use of inferior products.

The number of grades should be kept preferably to only two, or a6
most three - fine textured and one or two coarser products.  During
recent years lentative standards of type and grades of pent material
have been worked out by the Department of Agriculture.  They are
deseribed on page 72 in terms 10 meet the guality requirements for
terstate commeree, and they have been adopted by some of the
Federal and State ageneies and leading producers.

PACKING AND MARKETING

Commercinl peat products are shipped to the market in bulk car-
loads (cubic vards or tons) and in various coutainers including bas-
kets, tightweight wire-bound boxes and crates, burlap bags and paper

cartons.  Several of the conteiners provide an uncertain measure of
the contents or do not stand shipping and storing for any length of
time cither under cover or in he open. During recent years consid-
erable progress has been made in standardizing the size of some of
the containers used. A further advantage would be the practice to
indicate confents in terms of cubie feet or yards per unit weight.

The sale unit for imported moss peat is she bale. The presses
used for baling are vertrenl, ssrongly constructed of wood and built
etbher {or hand power or motor power.  The shredded, even-textured,
spongy moss peat is pressed down to one-third or one-fourth of its
original volume and while in the press the bale is covered with burlap,
secured with 8 to 10 slats of wood, and bound with iron wire. The
standard bale contains one-third cubic meter of spongy moss peat
{about 12 cubic feet or 20 bushels, sufficient to cover an area of 250
square feet 1 inch deep); it is low in mineral matter and woody or
fibrous (cottongrass) material; the moisture content ranges [rom 15
bo 25 percent and the average weight of the bale is spproximately
140 to 160 pounds.

Among domestic producers there appears to be a trend toward the
use of lightweight wooden boxes. burlap bags, and special paper
containers.  There is still need for the climination of many sizes and
lor properly identifving and deseribing the guality of the materinl
by distinctive names, trade-marks, or certificates.  The large varicty
of sizes and kinds of containers in use has inereased the machinery
necessary to manufacture peat prodocts and it has added to the cost
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of the produet fo the consumer. The peat industry is growing so
rapidly that facts relating to recent methods, processes, mm:'ium'rv
employed, and the present variety in commercial peat produets
should roceive more careful consideration,

Mueh of the marketing problem i commercial peat products
belongs to the fields of economics. 1L includes teansportation, dis-
tribution, costs, markeling agencies, and cooperative organizuafions,
and it requires & knowledge of (he fundamentals of economies. The
essentinls for suecess in profitable marketing of peal products are:
A stundard ype of peat materiad; unilorm quality of the graded
product: good packing and handling methods; seleclion of deposits
located favornbly with respect to markets; and organization to ascer-
tain important cotunereial faets and avord the added cost imposed
by [reight rates, sgleg, and competition with supplies from other
producers or with inferior products,

One of the great difficulties thal is holding up the development of
a domestic peat industry is lack of organization nmony the producers
for the purpose of establishing and maintaining high standards of
quality, aseertaining tmporiant facts upon which to base sound
judgments, and developing the market for humuos-forming types of
peit materinl in order to achieve large-seale production and economy
m transportation. delivery, and other costs. It is important that
producers and deslers who do their own marketing devote time and
study to what the market demands hoth in products and methods of
handling the malerial vsed ss soil amendment.  Special attention
shoulid be given 1o the standardization of products and to the specifi-
cations deseribing the material and its properties required by Federal,
State, and private ageneies. The producer is responsible for the
quality of the product and the mprovements that can be made in
producing and mariceting the commodity. He can improve the
grading and packing of his product, and the shipping end handling

of it. These improvements would aid greatly adequate research ol
the benefita to be devived from the use of humus-forming types of
peat, and they would not only help to dispel popular misconceptions
concerning the effects of additions of peat material to the soil, but
they alse would stimulate the sale of the commuodity to retail and
wholesale dealers and other kinds of buyers.  Cooperating marketing
has been emploved to a very limiled extent. There have been some
failures, probably due to lack of proper information, poor methods of
operation, or indilference toward cooperation and managemeat. Co-
operative associations Lo be successful should be organized on & basis
of producers of standard qualities of peat products and regional
markets.
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