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The section of Maine examined was limited in extent becouse of
time and travel facilities avallable. Field work was conducted largely
in Oxford County in the townships of Woodstoek, Milton, Rumford, Bethel,
Roxbury, and Andover. This ares is often referred to as the Yhilly
western section or as the Wfoothills of the White Mountains.¥ It 1is
sneluded in the Androscogein River dralnage sres which is that part of
the stete between the regicn tributary to the Saco River on the south
and the Kermebec River on the east.

The field work was carried on during a three week period in May,
1951, A genersl reconnalssence was made of exposures of glacial depogiis
slong legeing roads and highways. Crogg—-gections of blowdown mounds
were exposed and the ages of trees growing upon them determined by incree
ment borings. Shallow pits were dug to discover the remains of old
fires, and histofical records and old mersonal diaries were searched
for recoried evidence of occcurrences of both wind end fire. Bfforts
were concentrated on observation rather than the accurmlation of tebu-
lzted data. The ohservetlons were made more through the eyes of a prac-
ticnl forester than those of the experienced geologist or seologist,

This report will first-present 5 somevhat detsiled description
of the area in which the investigatlons were made. This descrivption
1s followed by an attempt to show relationship between the glaclal
deposits and timber types with the observed fossll frost forms receiv-
ing brief attention. A generalized statement as to land use history
and & diseusslon of the evidence of fire and wind as observed on the
ground end in hlstorical records censtituﬁe the remaining body of the

text. Following a summary of the resulis obtained from the investi-

gation, conclusions ars stated regarding the relationshlp of glacial

INTROBUCTION

Pire and wind are two well recognized agencles causing exbtensive
destruction to forest lands. The importance of fire ss a factor in the
developuent of vegetation has for some time recelved attention by for=

esters and plant ecologiste. The effect of wind upon forest vegetation

" has not been as fully appreclated. Oxford County, Mslue, has been rela-

tively free from recent forest fires and with the exception of the hwrri-
cane of 1938, wind damage hasg not veen of s serious nature. Past cecoure
repces of fire and wind have not been considered in the light of thelr
influsnce upon the vegetational development of this forested aren.

Although the geolegy of the State of Malne has been studied exten—
gively over the pest 115 years and rather intensively since 1942, there
ig no published litevabture giving evidence of any attempt to relate the
geologleal formationg of the state with its forest wvegetation. Jackson
(1839) indicated his sppreciation of the implicaticns of geology to egri-
eculture when he wrote Magriculture drsws most largely from the science
of geology for the elucidation of the origin, distribution, and composi=-
tion of soils.® Had the word "foresiry! been a part of the vocabulary
he would hove done well to heve included it in his statement.

This paper reports the results of two types of studlesn, the first
ecologlonl and the second geologleal.  Its purpose is three-fold: (1)
to discover the prevalence of fire and wind in s specified area and to
speculate on their scologleal significance, {2} to determine the rela-
tionship between the timber types and the glacial deposits in the shove

ares, (%) %o describe briefly the geology of the gtate g a whole.



DESCRIPTION OF AREA OF OBSERVATIOR

The An&roscoggin niver Arainage area, as previously mentioned,
ineludes that parts of Maine betwsen the reglon tribvutary to the Saco
River on the south and the FKenmsbec River on the east. The Androscoggin
hes had a very complex history and according to Crosby (1922) hes
altered its course several times during the late Tertiary and poat-
Pleistocens periods. T+ 418 believed to have formerly been a tributary
of the Gonnecticut.ﬁiver in Wew Hampshire. The Umbagog Loke and the
Magalloway River are the sources of the Androscoggin which swings south
and then esst passing into Melne end becomlng a tribubery to the
Temmebee River and Merrymeeting Bay. At Rumford the Androscoggln
alters its northeasterly course to the norih, then turns at right angles
and flowe southesasterliy toward Dixfiei&, Tihris sudden change in courss
over rock ledges furnlshes the water power for Ronford and is due t0
the bloeking of the valley to the south by glacial deposits. The
glocial deposits extending southward through Milton, Bethel, and
Woodstoek are joined by the main series of gravel and gsaand deposits In
the form of eskers and kame terraces which extend northward from Bryant
Pond into the valley of Meadow Brook at North Woodsbock. From this
place, the deposits continue down the valley as a well-defined ridge of
stratified gravel and sand into the wvalley of the Androscoggine

Worthwerd from Rumford, through Roxbury and Byron, isg the Swify
River valley which draing the mountainous country south of the Rangeley
Laked. Koame terraces border the walls of this valley and local
deteched kames occur in the valley floor. Above Frye, the valley

narrows snd the wash oleins are reduced to a narrov fringe between the

deposits to the timber types and the significance of the ecological
factors of fire and wind,

A section of this paper has besn devoied to the geology of Maine.
It is to be found in the appvendix and is offered as descripiive back-
ground materiml. Previous geologle work 1n Malne ls first mentloned
with a2 brief account of the Maine Geologieal Survey and lts funcilons.
The bedrock geology, shaping of the preglacial surface, and the gl@eial
zeology in general is discussed. Such subjects ae marine clay and
asolian deposits are also included.

The following library facllities were used: Whltman Memoriel
Library, Bryant Pond, Maine; Msine State Library, Augusta, Maine;
University of Maine Library, Orono, Maine; Gray Herbarium, Harvard
University; snd the Harvard Forsst Lidvrary, Petersham, Massachusetis.

The writer wishes to express his sincere appreciatlon te
Dr. Hugh M. Reup and Barl P. Stephens for their patlent guldance and

many helpful discussions relative to the preparabion of this paper.



the Landlng. These grevels extend southeastward down the valley %to
Black Prook and form a dam which prevents Richardson Lake from flowing
directly south throush the Wotel into the Tllls and Androscoggin Rivers.
The eslker gravels are belleved to extend down the valley inkto the Andover
send plain and so form & part of the system exbending from the Hllis
River valley southward through Bryant Pond and intc the valley of the
Little Androscoggine.

Portions of these four valleys, the Androscoggin, Meadow Brook,
Swift River and Fllis River and the surrounding tervitory represent in
general the ares in which investigations were conducted to determine, if
possitle, any_relatianghips tetween the tinﬁer types and glacial deposite
ané to discover evidence of fire and wind storme of the past.

Altitudes vary from about 700 feet in the valleys to 3062 feet on
Tong Mountzin in Andover. The rellef is often accentuated by the pres-
ence of high ¢liffs, %slus slopes, snd exposed knobs of bedrock. There
are many slight surface irregularities which may be bedrock controlled,
remnante of ground moraine or the product of periglacial frost action.
The surfsces of most of the slopes ars dissected by numercus streams
which have in many cases carved out V-shaped ravines.

The forest solls in thisz srea are strongly pedsolized and fall
within the Great Soil Group classification of Ypodsol soils.®  Most of
the solls have a ssndy or gravelly loam texture in the upper layers
which vary in thickness from s few inches on the outwash deposits to =8
much as 30 inches mantling the granitic tills. Congpicuous zones of
podsolization acconpany other well developed soil charascteristics

reflecting the dominating influence of climate and vegetatlon.

gtream and the bordering terrsces which are largely of $ill. Jush
ahove Roxbtury village the valley widens once more snd ls occcupied by a
gand plain. This wldened valley exbtends northward %o Byron where i%
i% onee more f1lled with 411l forsing the stream from its preglacisl
coures

The next valley wesitward from Rumford ig that occupled by the
Bllis River which drains Andover and the region to the north. It Jolns
the Anfroscogeln nesyr Rumford Polnt and is followed by that river o
Abbot's Mills while the broad valley of NMeadow Brook, believed to bhe s
contimiation of the Bilis River velley, extends southward to Bryant Pond
Into Paris and Horﬁaya From Abbotls Mills, the esker gravels may be
traced into the sand plain of the Androscoggin and along the valley o
Ruomford Point. Worthward from the village, the esker extends up the
valley of the Bllis River into the ssnd=floored Andover Basln. At
places these gravels rest sgalvet the valley walls as kame terraceg,
while in other places they swing into the valley as & distinet twoe
aided ridge. The bagin in which Andover villasge stends 1s one of the
broad, mountain encircled basins which are occaslonally found in the
higher aress of Maine. The basin is covered with sand carved into
terraces hy the Ellig River. A% the upper end of the basin the moun-
taing agaln close in, end the west branch of the Bllig extends westward
through Andover West Surplus. The east branch of this river rises in
Roxbury Pond, forwerly known as Hllis Pond, which ccouplies a sand plain
200 feet shove the Andover Basin. Horthwestward from this baslin, Black
Brook follows & narrow vaelley through Black Brock Notch northwestward o
the South Arm of Hichardson Lake. At South Arm an ecker runs south

through the lake s 5 series of islands and a long narrov point west of



This species, although oceasionally present in admixtures of other herd-
woods, assumes a pesition of dominance (Fig. 1) only on elesvations of
1000-2000 feet where the $11l is very thin and bedrock exposures are
prevalent.

Basewood holds a position comparable in importance %o red oak in
this vieinity. Confined alimost entirely to rock-fragment slopes and
their accompanying granitic ledges, this species apparently satisfies its
growth requirements and atbtalns proportions sulisble for sawtimber mater-
ial (Fig. 2).

White pine, although lergely distributed as previously deseribed,
also may be found growing on the more moist; well=drained soils in assc~
clation with hardwoods and other conifers. There seems to be, on the
other hand, a definide relatlonship between the extent of the outwaszh
deposite and the gemeral distribution of the larger plne arsas. The
writer alsc belleves that the upper limits of the pine growih slong the
sides of the vslleys are in many csses very closely related to the kame
terrece boundaries (Fig. 3}.

There seems bo be 1little apparent relationship hetween the
glacial deposits and the type boundaries of the spruce-hardwood, north-
ern hardwood, and spruce slops types. The remaining spruce slopes and
aréas which previously supported this type are cheracterized dby shallow
$t1lls and rocky ouicerons. Some of these gpruce slopes now supnord
excellent hardwood growth and it is belleved that the distribution of
the spruce slepe type was influenced mainly by some factor other than
the glacial origin of the solls.

Glacial deposits along logeing rosds and in old borrow nits show

relationship between the quality of the hardwood growth and the depih

w

RELATIONSHIP BETWEEN TIMBER TYPES AND GLAGIAL DEPOSITS

fhe $11} manitled mountain elopes in this ssction of the Androscoggin
dvsinage ares are for the mest pari novw covered with a secon&mgrowthl Tor=

est of mized hardwools of the following species: sugar maple (Acer sacchar—

ium), yellow birch (Betula lutea), besch {Fagus greandifolial, red maple

(Acer rubrum), and paper birch (Betuls papyrifers). White ash (Fraxinus

americans), red osk (Quercus boreslis), basswood (Tilis smericanal, end

aepen (Populus tremuloides snd 2. srendidentats) are alsc represented as

seattered Individuals and in small loeal concenirations. A few remainsg

of the red spruce slopes (Pices rubrum) described by Westveld (1931) may

atill be seen. Spruce ig also present fhroughout the hardwood and may
ocoupy old filelds and be found in sssociation with hemloclk (Tsuge cana-

dengis) and balgem fir (Abies balsames) bordering streams and in the

ravines. White nine (Pinus strobus), with an occasionsl repregentation

of red pine (Pinus resinoss), inhabits the outwash deposits in the

valleys and extends up the valley sides on éome of the westerly and scuth-
wegterly slopes to adjein the hordwoods. Pine i largely confined within
these Limlts with the excepition of those stands occupylng old flelds and
the flats above ledges of lower elevation (800~0C0 feet) overlooking the
cutwash arens and linked to them by kame terraces. A few swamp areas

border the meadow lands snd contain northern white cedar (Thula occlden-

telig), tamarsek (Lerix laricina), balsam fir and red maple.

The red caks found in these forests probably represent an exten~

sicn of the trensition hardwood type into this nerthern hardwood region.

1. The term Ysecond-growith! ls used throughout thils paper to indleate
forest stonds that have Tollowed the removal of the primeval forsste.
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Fig. 2. Mature basswood
rock-fragmnent slope.
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Deminant red oak occupying %he
crest of a granltie ledge,
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Fig. 3. View ghowing the relationship between the type boundary
of white plne and the approximate upper limits of a kame terrace.
Note typlcal kame in the foreground,

(o Fig. 4. Soil profile along old logging road showing exposed,
compact clay $111.

and water-holding capacity of the till. One parbicular btract in
Andover township wasz invesbligated. fThis ares ig well known lecally for
ite Wgood growing® qualities and the writer is personally familiar with
itv. A superior growth of mixed hardwoode and Tir, cut in 1947, arew on
s fine sandy loam underlain at ao depth of 2&—30 inches by a sandy clay
%111 of unknown depth.  Soil profiles (Fig. 4) examined along old log-
ging roads showed this till to be very compact, and capable of perching
the water table during the drieet veriods. The bottom of two eight-foot
vites remained very moist throughout the critically dry swmmers of 1947
and 1648, indicating that the compact $1ll is cepable of perching the
water table during dry perlods.

This is in sharp contrast to the molgbure-holding capacity of the
gravelly tills more common in thig locality. A detailed study in this
area of the permeability of tills, their thickness, and depth below the
forest floor might give rise to a valuable indlcator of site quality.

gtout (1950), on the Harvard Forest in western Massachusetts,
found that there were relationships between the local disitribution of
red oak anf white agh and the depth of the modified soil layer or solunm
down to a tight till. This was kept in mind by the writer durinmg the
courze of his investigations but observations of the vegetation sur-
rounding the few profiles exposed‘&id not produce any comparable con—

clusions in this aren.
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Fige 5. Topographic developwent in the Swift River Valley des-
cribed by Perkins ag "$ill terraces, ¥ believed by the writer to be
the resuld of perigiacisl frost action.

Pig. 6.
Valley.

Hvidence of periglacial frost

actlon in the Androscoggin

- 10 =

LVIDENCE OF FROST ACTIONW

Tvidence of current frost actlon hes been found on the higher
mounbaing in Maine and reported by Nichols and Nichols {1906), Butler
and Ray (19#6), and others. The Tact that stonss work to the surface
on agricultural land, and the occurrence of occasional avalanches, such
a2 the slide on 01d Speck Mountein at Grafton in 1927, offer additlonel
proof of the effects of rapld temperature changes on land purfaces,

Many snomolous surface features were observed and belleved by the
writer to have been developed by frost action during a periglacial cli-
mata. fhe surface irregularities in the Androscoggin and Swift River
valleys classified by Perkins (1935) as "till terraces" (Fig. § and 6)
sre probebly the result of solifluction, = term proposed by Anderson
(1906) for the flowing from higher to lower ground of masses of waste
saturated with water. Bryan (1946) propoeed the term Yecongeliturbas
tiont for all varities of frost heaving and solifluetion induced by &
cold climate. These topogrephical festures have s rather definite
lebular shape and have been referred to a% Hoongeliturbate lobesg.®
These lobes, although not always well defined, are found throughoub
moch of the subject ares beyond the limiite of the oubtwasgh deposite.

Previcus mention has been made of the exlstence of rock-fraghent
slopes Tormed by the accumuletion of frost-shatbered blocks at the foot
of ¢llffs or ledges. The obssrved relailonship between these slopes
and the distribubion of basswood has alsc been dlscusged. This rela~
tionship seems Ho be the only very evident one betwesn frost action and
forest vegebatlon in this arves.

Although these cursory observabtions revealed 1ittle if any inter-
&
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LAND US® HISTOHY

An mtbempt to writs 2 comprshenslve land use history of an arsa
inciuding portions of several townshiovs would he futile and of 1ittlie
value in fulfilling the objective of this study. Howaver, a few brief
statements a8 to time of settlensnt, originel timber types sncounterad,
and sarly development of local wood-using indusbriss will help portray
the exbtent of forest sxploitation in this particular section of Malne
since colonidzation.

The Tirst ten btownehips to be sebitled in Oxford County and their

dates of sebtlement are listed below:

Bethel 1773
Waterford 1775
Buekfleld 1777
Paris 1779
Rumf ord 1780
Bumner 1783
Norway 1786
Andover 1789
Peru 1793
Woodstock 1797

From this 1ist 1t is apparent that the period of 1773 to 1797 representa
the sdvent of the whibe man with his axe as sn ecologleal factor of the
forest environment. Only a smell merk was made at this time upon the
forssts which stood as the main barrier to the establishment of howe-
stezds and the subsequent growth of community life.  Except Tor the

small amounts of btimber necesgary for fuel consumption and the construe-

ralationship betwesn the present vegeitation and the apparendt frost forms,
further detalled iuvestigetions might well result in the attributing of
loesl differences in the dietribubtion of forsst vegebation to the peri-

glacial frost action in thig area.
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The subslstance of the early settlers depended largely upon ithe
frults of the land and of psrsonal labor. The lower apd middle slopesw
- of the mountaing were grazed by sheep and cattle. The richer hillsides
and lowlands were culitlvated lmmediately following elesring and were for

the most part planted %o corn. The harveating of this erop brought

about the construction of the first grist mills for grinding the corn into

meal. Thess were followed by the first sawmills, and pine and spruce was
mangifactared into hosrds and dimension stock %o be used in the construc-
tion of new Luildings and the replacement of the origlnsl log dwellings,
Water power sawmills on the rivers and larger streams became mumerous and
asntive in the middle of the 1800%g and censtifuted the nueleus of the
forest industry of this section.

The arvival of the railroad in 1851 pave access (o wood product
markets. The value of the second growth paper and yellow birch becane
appraeciated about 1880 with the constructlon of the first bobbin, spool,
dowel, clothespln, and handile mills. It was not until 1892, when ithe
International Paper Company established 1ts mill at Rumford that the
spruce slopeg offered promise of real value %o the landowners, and ths
sconomy of many comminities ghifted from sgriculiure to lumbering. Doy
ing the lazgt half cendury, the better cualiity second growth hardwoods,
ggpecially paper and yellow birch, have furniched the basic raw materisls
for many small industries throughout the sres.

As a resuli of repaatéd cubting of immature stands, loss from

birch die-back, =nd attacks by the bronzed birch borer (Azrilus anxius),

gstands of timber have become so0 depleted that sowe industries ars now
using other hardwoods of poorer gquallty. Birch is alsge being ilmported

from Canada and one corporation now imporis i%s wood from South Americs.

w JB =

tion of log sheltars, trees wers cub and burned %o Fform clearings for
$illage and pasture land in like manner %o all other sarly colonizablion.
Higtarical records offer 1ittle evidence of any preference being shown
for the gualities of smoil and site, with perhaps the sxception of the
rieh alluvium intervales along the Androscoggin and Little Androscoggin
Rivars. Tt was nob until the enrly 1800%s with the arrival of the land
surveyors, the granting of large sections of land and the assssaing of
taxes that these early setilers appreciated thely wisdom or folly in
Yocating thelr farms, The burden of taxation and the occurvence of
fires were sufficient causes for the morigeging of many farms 0 the
Heaplialists! residing in the shire fown of Paris. Asg early as 1816
the influence of the settler umpon the natursl successlion of the foresd
vegetation Decame paramount and the "second growth! forest has sinse pre-
dominated.

The timber types encountered during the setilement of this area
are described by esrly local historians. Whitnan {(1891), ia his history
of Bethel, writes the following:

UThe natural growbth of wood was white plne on the intere
vals and upland swells; maple, yellow bhireh, and beech on the
highlands and spruce snd hemlock on the mountaling. Thers
was also to be found a scabtering of Worway and pitch pine.X

Iaphan (1890) described the forsst composition of Runford as follows:

"Phe fiors of Rumford presents no pecullarities. Whils
pine was quite abundant when the first setilers came here.

There was also an abundsnce of sopruce, hemlock, and fir. Of

the hardwoods, vellow birch, beech, and rock maple were the

prineipal varieties. #ims were found on the rivers and sn

occagional basswood in the forests.?®
Other stotements in towa histories and personsl diaries add little 1o

these meager descriptions which furnish a glimpse of %he timber types

which constituted the primeval forests in this part of Maine.
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THE PREVALENCE OF FIRLS

In 1825, a fire occurrsd in Maine which burned nearly one-half of
the forest land of the state. This fire was repeated on a more locsal
scale but with a far greater Tinancial loss in 1947 when approximately
130,000 acres of forsst land burned. This is neariy 1% of the total
16,783,000 acres of forest land in the state. The catsstrophes of these
two years did nobt reach into central and northern Oxford County which has
been nearly immune from extensive fire dsmage over the last several gener—
ations.

During the course of this study, charcoal was found several lnchesg
helow the surfacs of the ground while invsstigating blowdown mounds and
goil profiles. Thig led to further search for such evidence and the
eventual disclosure that much of the ares in question had besn burned at
gome time in the vpasi. A review of the available literature brought to
1izht written accounts of at least one major fire which had durned over
much of the ares studied. This fire occurred in the fall of 1816 fol-
lowing the coldest summer which has ever been experienced in New England.
Whitman (1913) writes the following of the origin of ths fire in this
locality:

17n the fall fires raged in this ssctlon. One, starit-

ing in Woodstock, ignited some brush, spread through the

forests in a soubtheasterly course and entered the town of

Buclkfield. Acres upon acres of fine timber were bhurned

orer and destroyed. The vegstable covering of thin séils

was consumed and lands which before were called good never

recoverad from the fearful ravage of flames.!

A more colorful account of thiz fire is given by Lapham (1882) when he
writes the following: |
"he year 1816 was exceptlonally cold for this latitude.

There was frost every month of the year and nothing but the
hardler cereal grains ripensd. Another cause of serious

- 15 o
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Duriase the last two decades, a demand for the poorer gquality harde
woods by the paper menvfacturing plante has resulted in the developnent
of this market as the maln outled of wood production in thls area at the
pressnt time. The demand for veneser stock during World War II made pos-
sible the salvsge of a great volume of old growth herdwoods, wostly yellow
bireh, beech, and sugar mapls which were overmature and dscadent. These
operations have contimnued to the present time snd the eulls from this

high=grading type of cubting are graduslly being accepted by the i lpwood

induetry.

The natural pinelsnd srea has been supplemented by the succession
of 0ld field white pine on many farms which have gradually been abandoned
over the past elghty years. Howaver, during the recant.war years and
the subsequent expanslon perioed of housing construction, the demand for
sastern white pine lumber has brought aboubt the birth of additional saw-
mille and keener compebition betwsen the mill operators. The estimabed
producbion of 100 million b. f. of plne lunber in the past five years by
small mills in only one btownship indicates somewhat the depletion of the
second growth pine. This has recently led to the reallzatlon by some
pineland ownsrs of the necessity of beiter logging practlces. . "Eelaciive
cutting, ¥ now in 1te embryo stage, reprosents the attempt by local indus-

try to practice Msilviculture."
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Shirley (19@1) ohserved that paper birch was the orly local species
in the Leke States to approach aspen in its capacity to colonize burns.
Pinchot {(1908) was of the opinion that the local occurrence of paper birch
was very largely determined dy fire. Some of the older residents of

Woodstock recall the cutting of small, pure stands of this species which

had seeded in on fields known as '"burnt pieces.” These fields were usualiy

located on emall flats along the sides of mountains which had been cleared
and cultiveted. After belng sbandoned for cultivation purposes they were

occasionally burned and uvsed for pastures or hayland.

Cary (1936} after many years of observations, came to the conclusion

that a large part of the pine timber in Mainé came through the agency of
fire, and associatéd his observations with the historic burn of 1825.
Maessurrow {(1935) also adds that in his opinion the white pine in Canads
did not reproduce under the canopy of the virgin forest, and belng only a
temporzry element of the forest association, perpetuated itself primerily
through the medium of fire.

The distribution of other species could well have been influenced
similarly. The fact that hardwoods now occupy areas that previously
supported the spruce slope type may be duve, at least in part, to the
abgence of fire. Aeccording to Bloomberg (1950), fire has a positive and
causative effect on the egtadblishment of spruce as a climex type in the
Canadian Rockies. He gtates, Min Albertz, at least, forest fire 1s
such o constant bed-fellow that there is no precedent to show what might
happen when virgin stands of spruce are protected from fire for more than
‘a rotation. It may not be too fantastic to consider the day when we
ghsll wonder whether fire, in some form at least, has not been a friend

masquerading ag a foe. W
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discomfort and grest loss this year was the umueusl preva-

lence of fires. he season, though cold, was excepilon~

ally dry, and much of the wood and nearly all of the timber

in the %town was destroyed. S0 extensive werse these fires

that ordinery print could be read by thelr light in almost

any part of town at midnight, and the summits of the blasze

ing mountaine could be seer far away. These fires nod

only destroyed the wood and timber, bub in many places the

surface soll was charred and greatly damaged by intense

heat, !
Perley (1891) does not mention the demage in this loecality bui regarding
other affected =reas states that tdevastailling fireg swept through the
woods of Vermont, New Hampshire, and Maine.... In Maine, along the
Kemmehee River, and as far east zs Frenchman's Bay, they were burning as
late as October 11,0

The fire of 1816 is apparently the only one on record in this
vieinity which resulted in widespread devastztion. Obher smaller fires
have occurred since this date, such as the Bemis fire of 1909, and one
case ls ecitad of an exisnglve fire as esrly as 1717. It ie quite prob-
sble that the pre-settlement forests were cften burned by relatively
small fires caused by lightnihg or igpnited by the Anassgunticook and
Rokomekos Indians who inhabited this section prior to the arrival of the
white nan. The imporitsnt fact is that there are written accounts sub-
stantisting the evidence in the field that the forests of this part of
the state, which heve been relatively free from fires for many years,
were burned over at least once.

The effect of fire, now long forgotten,upon the forest vegstation
may well be of mejor significance. I% has been an important influence
in establishing extensive sbands of second growth paper blrch. Humerous

wood-using industries dependent on this birch have grown up to be lmpore-

tant segments of the local economy.
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OCCURRENCE OF WINDS
While fire, more than any other agency, has played havoe with

Recent consideration has been given at the Harvard Forest, Maine forest lands, if properly used as a silvicultural tool, it may be

Petersham, Magsachusetts, to the effect of strong winds upon the forests, a means of pervetusting netursl growth of certain preferred speciss.
not only by the destruction of stending timber, but also by the disturb-
ance of the golls upon whieh they grow. A detailed study has been made
by Goodlett (1951) of the relationship of the upreoting of trees by wind
to the distribution of the vegetation and the disturbance of soils in
Potter County, Pennsylvanla. Besults of previcus siudles by Shaler
(1891), Imtz and Griswold (1939), and Iutz (1940) were published on the
gffect of the upheé&al of trees upon soll characteristics.

Wind storms of the past have left thelr mark upon the forested
areas in the forwm of mounds of mineral soil and their accompanying plts
which dot the landscaps accentusting the features of mlcrorelief (Fig. 7).

Tvidence of such phenomena is visible throughout that part of the State

of Maine covered by this study. In many cases these Yblowdown moundst

ecan readily be seen from an automoblle while riding along wooded roads.
Seversl days of travel through the woods in thie ares is sufficlent to
convince one that these forests, at least since sebttlement, have besn
subjected to the force of winde of damaging intensity.

Most of the blowdown mounds in this area are relatively small (Fig. 8}
eompared to those observed at Harverd Forest and the mounds described
by Goodlett (1951) in Pennsylvania. They average approximately 6 to 1k
feet in length, 3 tc 8 feet in width, and rarely over 3 fset in height,
being usually oval sheped o circular in outline. The general orienta-
tion of the mounds i1s in a2 north-scuth direction with many of the asso~

ciated crescent-shaped pits lylng to the east. Hrceptions to this may
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be found depending upon the local topography, since pits ordinarily
occupy the upslope side of the mounds.

The older_mounds have s definite flattened upper surface caused
largely by weathering. In most cases their size indicates that they
resulted from the uprooting of large lilve trees.

In a few lsolated cases where mounds are found located in deep
ravines or in small intermittent stresm beds, erosion seems to have been
very active in redueing the size of mounds. One such case is pictured
in Figure 9 where the mound is almost entirely eliminated. Thie is the
most strikingrexample located and is probably excepiional.

Most mounds are covered with a thin lajer of orgenic material with
praetieally all of the older omes haQing vartially developed profiles
containing leached material. Buried profiles are easily identified by
their still conspleuous zomes of podsolization (Fig. 10). Identifisdle
remains of stumps on these mounds are gonerally lacking. Mounds result-
ing from the upheavel of pines stil1 contain some remnente of these tress,
a faet due largely to the reginous guality of the stumps. Nearly all
species represented in the area were found growing upon mounds. Few
mounds are found to be unoccuvied, and for the most party tolerant, as
well as light-demanding species, are aqually represented,

One very interesting fact was observed on a 1600 acre tract in
Roxbury township. This tract contained an estimated 2 million b. fo of
excentlonally fine pine timber consiating of tall, mature trees, widely
scattered throughout 2 nixed hardwood and fir compogition., Over two
hundred trees were inspected and approximately 80% were found to be
growing on old blowdown mounds. It is the writer's opinion that the

grester part of the pine on this tract has galned 1%s present position
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Fige 7. 014 Dlowdown mounde and pits in pastured area cleared over
100 years 5g0.

Fig. 8. Typical blowdown mound resulting from the storm of 1863.
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through the ocecupancy of smell forest openings caused by wind. Its
origin in other areass in asdmixbures with hemlock and hardwoods is also
believed due o such cataclysmic evants. Pinchot and Graves (1896)
wrote the followling sccount regsrding the influence of smuch catestrophes
on the digtribution of plne and other specles:

"Phat bodies of Pine occur on land which the Hemlock
would $end to occuny to its execlusion is often to he
axplained by the fact that, although it way onece have heen
driven out, the Pine has returned in windfall clearing
made by 2 storm. The same result would follow 2 devastat-
ing fire. Such accldents exert an undonbted influsnce
on the nixturss and topogrsphle distribution of species.”

Although Maine suffered severely from the damazs to its foreste
by the 1938 hurricane, the resulting blowdown mounds in this vicinity are
relatlively Tew compared to the number of older mounds of previous storms.
The ages of trees growing upon these mounds showsd that the majority of
them germinated following two major storme, one ocenrring in the 80's,
snd the other f2lling very closely to the year of the "Great TFirel in
1816. An old cony of a local nswepopers the Oxford County Democrat,
establlished the later of these two winds to have occcurred in 1883,
Bailey (1883), of Andover, Melne, has written the following account of

this storm:

Whe. storm came on in the evening of Wovembsr 11, 1883,
and raged all nlght, being a violent szale of wind with but
1ittle rain, the sky heing clear part of the time. Owing
nrobably to the hour, no lives were lost, though many barng
were unroofed and chimneys blown down. Bubl few cared o
leave their houses, and many people put their fires out
altozether. The trsmendouvs. unbroken roar of the wind
filled the ears so completely that no sound could be heard
and the largest treez were not heard to fall. The roads
in 21l dlrections were mo blocked up by them that several
days were required to clsar them for travel. The ground
was nod Trozen go that in most cases the trees dlew over,
tearing the roots completely out of the ground. In some
cases, however, they broke short off ... in the heart of

the forest aeres of great trees were carrled over and lay
as flat as grain after resping.t

Fig. 9. Decayed remains of = yellow bireh which originated on a
blowdown mound removed by erosion.

Pig. 10, Cross—section through blewdown mound showing the presence
of leached materisls in the portislly developed profile and the
definite zmone of podsolization in the old buried profils.
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NThis year, ye 14 or 15. of Avgust (being Saturday)
was such a mighty storm of wind & raine, as none llwving in
these varts, elther Inglish or Indeans, ever saw. Being
like {for ye time it contimmed) to those Haurricanes and
Maffing that writers make mention of in ye Indeas. I4
began in ye morning, o little before day, & grue not by
degrees, but came with violence in ye begining, to ye amas-
mente of many. 1t blew downe sundry (21)) houses, &
uncovered others; diverce vessells were lost at sea, and
many more in extreme danger. It caused ye gea to swell
(4o ya southward of this place) above 20. foote, right up
& downe, and made meny of yeo Indeans to ¢limb inito trees
for their saftle; it tooke of ye borded roofs of a house
vhich belongsd to the plantation at Manamet, and floted
it to another place, the posts still standing in ye ground;
and if it hsd continued long without ye shifting of ye wind,
it is likes it would have drouned some parte of ye country.
T4t blew downe many hundsred thowsands of itrees, turning up
the stronger by the roots, and breaklng the hlegher pine
trees of in the midle, =nd ye tall yonge osks & walnut
tress of good biggznes were wound like a withe, very strang
& fearfull to behounld. It begane in ye southenst, and
parted toward ye south & east, snd vered sundry ways; but
ve greatest force of it here was from ye former quarters.
It contimued not (in ye oxtremitie) above 5. or 6. houers,
but ye violence begane %o azbate. The signeg ond marks
of it will remain this 100. years in these parts wher it
wag soreat: the mocne suffered a great eclips the 2. night
“after it.l

Yinde comparaeble to that which oecurred in Wovember, 1950, would
probsbly have recelved bubt little attention in the days of early setile-
ment. However, the effect upon the forests in the path of such storms
was probably of great significance from an ecological viswpoint. The
young, second growth stands in New England today offer less resistance,
thus heing less vulnerable to attack, than were the trees of pre-
settlement forests. Sige alone alds in escape from the damege of winds.
Had the moture timber blown down by the 1938 hmrricane been exposed to
the 1950 storm, probably much of it would have been similarly destroyed.

Many such storms have exerted their power upon the foresis of eastern
United States over the past 300 years. It is suggeéteﬂ that the accum-—

ulated force of these minor storme wast be added to that of well known

.=.23w

A sesreh for written svidence of similar storms in the earlier pari of
the ninsteenth century met with little sueccess. Heowever, Perley (1891)
has described a» hurricane in 1815 as reaching into Maine., Brooks and
Conrad (1945) mapped the courses of four New Tngland hurricanes which
ineloded storms in 1821 and 19414 as well as the better known hurricanes
of 1815 and 1938. The 1815 gale is the only one of these storms whose
nlotted path passes directly into thile ares. Althovgh locsl writers
have not recorded the sffeet of the wind damage on the foreste of Oxford
County in 1815, hlowdown mounds and their assoclated vegetation indicate
vhe probability of its presence.

Other mounds occupled by itrees whose ages do not fall within
thess %two previous classifications, imply the occurrence of local gales

of damaging intensity which have recelved no publieity.  Chase (1882)

mentioned "severe goles! as having occurred in Woodstock on August 1, 18902

and October 9, 1804, the latter of these two being the same storm deg-
eribed by Perley (1891) as cousing destruction to much of the forested
arez of Wew England. He writes the Tollowing regarding the damage:

Wihe gale was very injurious to the pine and oak timber
trees of the forests, destroying the larger porilon of the
hest oaks that were useful in ship bullding. It has been
gaid that so many of the great oaks were destroyed that
the building of vessels declined in Massachuretts, and that
the great gale of 1815 brought about its entire abandonment
in several places. At Thomaston, Maine, a sixziy-acre
timber lot was almeost entirely blown down. Such great
sentione of the woods were leveled that new landscapes and
prospects were brought into view to the surprise of many
people. ¥

Many other storms in Wew England are acknowledged by Perley,
including the oldest recorded wind of tmrricene intensity, occurring in

1635, and described by Bradford (1901} in the following words:
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SUMMARY

Bvidence has been provided by previous geologie work that the
State of Maine wap completely glaciated during the Wisconsin stage of
the Pleistocens Perilod. Most of the present mlerotopography of the
state resulted from this glaciation and its associated periglacial cli-
mate. The 16,783,000 acres of Moine forests are growing upon solls
originating from the surficisl deposits on this modified topography.
This study has shown that there is some relationship bebween these
glacial deposits and the mersal extent of white pine. It has alsp
implied a relationship between the quaiity of site and the underlying
ti11 or parent material. |

Maine has experienced extensive firss causing serious devasia-
tion to its forestes at least once during each of the last two centuriles.
The arsa covered by thils study was not affected by these two major con-
flagratlions, but-it has been shown that flres of less speciacular nature
have cansed these Torests to have been burned at least once since the
arrival of the white man. The effect of these firves upon the succes-
sion, ecology snd silviculture of certain forest types has far-reaching
implications.

These Investizations have brought to light the fact that the
forests in this ares and the soils that support them have heen conbinmi-
ally disturhed.by wind. Blowdown mounds, resulting from the uprooiting
of trees, have been described and their influence upon the forest dig-

tribution dlscussed.

An attempt also has been made to describe the history of land use

in order to acquaint the reader with what has heppened to the forest
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Tarricanes o realize full appreciation of the overall influence of

wind as an ecologiecal factor sffecting the forest vegetation,
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CONCILUSIONS

Yhis study has shown that a relationship exists batween the
glacial outwash deposits and the general distribution of the larger pine
areas. Observations have slmo indicated a possible relationshlp between
the type boundaries of white pine and the upper limits of kome terraced.
Basswood in this area is entirsly confined to rock-fragment slopes, and
red osk assumes a position of dominance only on elevations of 1000=2000
fest where the till is thin and bedrock exposures are prevalent. The
ares within the scops of these investigations has been exposed at least
once to extensive fires, It is suggested th@t this iz the influeniial
factor responsible for the origin of the heavily exploited pure stands
of paper hirch. Both the forests and the soils upon which they grow
have been continually disturbed by wind for the pagt 300 years and pog-—
sibly since the retreat of the continental lce sheet and the subseguent
ocoupation of the glaciated reglon by forests. It is believed that

many of the changes in the forest vegetatlon are due %o thig factor.

.-.B'?e-

lands of this section of Maine sinece early sebtlement.

Tive facbors have been touchsd upon by this study, namely: glacial
origin of the soils, land use history, fire, wind, and tha successional
development of vegetation. An abtenpt has heen mede %o draw attention
to these factors, =n acquainteance with which is deemed necessary to the

success of applied silviculture in Maine foresis.
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PREVIOUS GROLOGIC WORK TN MAINS

The first geologieal survey of the State of Maine was conducted
by Charles T. Jaclksen in 1836, '37 and 1738, This survey was rather
comprehensive and covered much of the state. The resulis were pub-
lished as lst, 2nd, and 3rd Reports and lst, 2nd, =nd 3rd Annual Reports
of the Biate Ceclogist. These reports are writden in travelog form
depicting many cbservetions, some of which are of valus today.

In 1861, = second survey directed by C. H. Fitchcook was suthor—
lzed by the ¥Maine legislature. The results of this survey were inecliuded
in the Sizth and Seventh Annual Revorts of tha Maine Board of Agrienlture.
According to Prefethen (1947), the most notsble contribution of Hitcheock,
resulting from his work as Siste CGeologlst, was the mublishing of the
first geological map of the state. This 18 found in the Colby Atlas of
Maine, 1885 edition.

The Fitcheoek survey waes not continned and the office of Stabe
Genlegist was vacant until 1910, A% %hls time, Preeman Burr was
arpolinted State Beologist and carried on geologlcal work in this copacliiy
until 1920,

Hine years later, Imcius Merrill was nomed State Geologist and
Be H. Perking, Lssistant State Geologist. Tn 1931, J. 0. Twinem
replaced Merrill and Burr agein served for the peried 1933-42, Merrill
and Perkins, nlsc Twinem and Perkins, lssuved reports. In 1932, the
Bibliography of Maine CGeology compiled by Twinem was vublished, and o
year later Arthur Feith and Perking completed s preliminary geologile
map of the state, (See Plate T.)

Burr retired in 1942 and the present State Geologist, Joseph M.

Trefathen, wae sppointed. The EState Leglsglature subsequently enacted
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APPENDIX

THY GROLOGY OF MAINE
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Vol. I, Part I A Survey of Reoad Materials of Maine:

113 acing the Stat gical B L@ ‘ 3
Their Ocourrence and Quallty & bill placing the State Geological Survey under the Development

Gomnd & th it from politics.
Vol. I, Part IT Meps showing Lecation of Read Materials omuission, thus removing it from politic

The f for ), A 2 &, i 3 g2 i
Yol. 11 (lseisl Geology of Maine he funetion of the Survey today is Tundamentally to collect

information th o nara ores, and scenery of the sia :
Vol. II, Supple~ Msp of Glacial Deposits of the Stote ntormation on the roclks, minerels, ores, snd scenery te and

ment of ¥Maine  (See FPlate II.) to mske this information available to the public.  I% is hoped that the

To the best of the writer's knowledge, Vol. II is the only exist- Pleistocene studies will be expanded in the future. The results of

ing publicatlon dealing entirely with the glacial geology of Maine. 1t these stvdles in the past have been of particular value in construciion

ig from thisz dbulletin that mich of the deserivtive backeround of this projects, especially highway constriction, reconstruction, snd meinten-—

thesis is drawn. snee o In this cornection, the work of Perkins and Lesvitt ie outstond—
ing. Construetion engineers, geologiets, and laymen have realized for
vears the need of move geologicel surveys in Maine so that the location
of sultable materials Tor the bullding of highways and structures might
be known. The Maline Technology Experiment Station at the University of
Maine, In cooporation with the Maine Btate Highway Conwiseion, drew up
8 plan which would in this respect render mervice ic the State. The
plan was to make a survey of the glacisl road materisls within the state
which might slgo be useful in building construction. Field work was
begun in June, 1930, under the direction of Prof. Walter Leavitt, Secretary
and Engineer of the Maine Technology Txperinent Station, snd was come
vleted in July, 1933. Dr. Fdward H. Perkins, Assistant State (Geologisi
and Professor of Geology at Colby College, was given cherge of the geo-
logieal work of the survey.

The results of this survey were published as a Maine Technology
Bxperiment Stotion Bulletin entitled YA Survey of Rosd Material end
Glacial Geology of Maine.! This is the Experiment Stetion's thiriieih

bulletin and consists of two volumes, namely:



o e mn aw b Sm w0 w0 O s T S% w0 e S0 aw mO s S0 mn MDA mr  MD o G0 S w9 oo o o o Ay el op G a0 0o em e ed wb ol mD @b md W0 wP om  we  eD

- 30a -

b)
i
§
]
i
8
§
§
8
]
]
]
)
i
i
]
t
i
'
§
}
4
1
i
i
§
L
\
1
1
%
[}
H
1
]
L]
]
1
i
]
]
i
1
8
]

Toble I. Geologic Time Scale for Maine®
g i i
Hra ! Period ! Importent Fesmbures ! Bvents in Maine
j § j
! Recent } Development of man ! Siight ercsions
L ! 'ouplift to present
! ! ' cozgtline
? i [
1 Plelstocens ! Glaciation V Bubmergence and
; ! ! glaciation
' 1 § i
Cenozoic ! ' Pliocene ! Age of Mermals ' High elevation and
byt ! ' . repid erosion
voh i i
VoY Miocens P Age of ¥Mammalsg ! Wrosion and uplifd
1 it 7 g
(9]
T OB Qligocens ' Agg of Mammals ! Brosion of bhigher
! ¥ i ! levels; upliifd
1 1 g 3
! ! Bocsne ! Development of mammals ! Bropion and uplifi
i § 1
' Cretaceous ' Coming of modern plants ' Plane completed
k ' Olimax of reptiles ' _and uplified
} g 0
Megozolc ' _Jurassic ' Age of Repiiles ' Long erosion
] g i
! Priagslc ' Coming of dinossurs ! Fermation of trap
L ' Formation of Conn. ' dikes
X ! and Fundy Basing !
[ } i
! Permian ' Glaciation ¥ Tolding: granlte
! ! Appalachisn Revolubion |  intrusions
H ¥ !
' Penneylvanian ' Coal Age ! Sediments in York
' ! ! County
' 1 i
¥ Migeiselpolon ' fge of Sharks ! Parry and Mapleton
! 1 '  sandstones
1 i 0
' Devonian ' Age of Figh ! Mountain folding
Paleczole ! ' Birst emphiblians ! Granite intrusion
} ! ! Moose River and
! i ' Chepmaen ssndstones
i ! ! Voleanics
' 3 i
' Bilurisa ' Pirst air-breathing ' Shale and limestone
' ' animals ' depositions; volcapics'
] t H
! Qrdovicisn i ape of Invertebrates ! Shale; Rocklend and
! ! ' Iewlston liweglone
' i i
! Cambrisn ! Pirst goud fosslls Vo Ousrtaites and shales
3 i i
' Pre— i ! ' Highly alterad rocks;
Cambrlan ! ' _gnelsses and schlsis

2.

Perkias, H. H.

1935.

Glacial Geology of Maine,
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[
]
1
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1
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BEDROCK GROLOCY OF MAIWE

In order to estsblish a background for the research of thig paper,
the bedrock as well as the glacisl geology of the area should be consid-
ered. Although it is with the unconsolidated materials of the earthls
cerust which were deposited by gleciers and their sssociated stréams that
this paper largely deals, it must be kept in mind that these materizls
were derived, directly or indirectly, from the bedrock snd are In meny
instances today hedrock controlled,.

The three elasses of hedrock materlal, segregated according to
thelr method of formation, are igneous, sedimentsry, and metemorvhic.
Rocks are also elaspified according to thelr age. fable I gshows the
principal divizions of geologic time together with some of the more sig—
nificent geglogical avents that are vecordsd in Maine,

Feith's "Preliminary Geologic Map of Maine® (Plate I), although
lacking in detail, Furnishes & generalized knowledge of the different
periods and the types of rock in each perloed. This information is
probably sufficlient for this paper. Towever, a brief oubline will be
given of the present knowledge of the bédrcck geology of the state as
indicated on the map. {nly the igneous and sedimentary rocks will be
discussed, the metamorphic being a derivative from one or both eof these

types.

Isneous Rocks

The common lgneous rocks of Maine may be divided according to
thelr echemical and physical cheracterietics into four itypes: diabase,
rhyolite, granlie and basalt.

In the northern and western sectlons of Maine there sre

Disbase.

a series of flows and ash beds which are mapped ag dilabage snd smygdaloid.



.,35...

rogemble the Triassic flows and it 1s believed that moet of thew, par~
ticulerly those along the coast, were formed during the Triassic period.
To the best of the writer's knowledge, no rocks younger than Prisssic

have been found in Maine.

Sedimentary Rocks

Perivins (1935) states that 211 of the gcedimentary roeks inVMaine
are of the Paleozole era with the exceptlen of the pre=Cambrian. They
may be classified according 1o thelr geologic nge as follows: pre-fambrian,
Cambrian, Ordoviclan, Silurisn, Devonian, Mississivppian, and Pennsylvanjan.

Pre=Cambrian. The western and southern perts of Maine are comn~—

poged of highly metamorphosed rocks classified on the map as pre~Cambrian.
They consist of schiste, gnelszes, slates, end limestone representing
sedimentary rocks altered by heat and pressure.

Cambrian snd Ordovician. Bande of guartzites and argillites with

imbedded black and grey s=latez trend southwest and northeast. These
sppear to be oldsr than Silurisn and are mapped as Cawbrian end Ordovician.
Lge hag been determined largely by siructural relatlons, few fomslls of
either Cambrisn or Ordoviciszn having heen found in the stste. Accord-
ing %o Perkins (193%), svldence provided by the Quebec Survey now indi-
cates the presence of Ordovicilan rocks in the northern part of the state
which is mapped as Silurian. Tndouhtedly other sections of northern
and western Malne contain Ordovician slates but fosgil evidence is lecking.
Silurian. Most of central and northern Maine is covered with
slates, shales and sandstone which pass into quartziﬁes and impure,
shaly limestone. TFossil evidence establlshes the age of these sediments

g8 Silurian.

L

These roclks have been altered lsrgely into chlorite sechists and most of
their original structure has bheen destroyed. In Quebec on the north, 2
series of similar rocks are considered to he of Ordoviclan age. The
schist in the region of Ghaiﬁ Tekes hetween Tustis, Maine, and Woburn,
Quehec, greatly resemble the Canadlan rock and may zlso be of Ordovielan
246 . Other altered dimhase rocks are associzted with Devonlan and
S4lurian sediments snd were probably formed durlng these periods.

Bhyolite. Rhyolite flows and intrusions associated with breccle
and tuff esre found in three asreas of Maine. The first follows the coasgt
from the Penobscot Bay to Bastport where it ls assoclated with rocks of
Silurian period. The second ares 1s associsted with the Devenisn sande
stone of central Aroostook County and is of late Devonian age. The
third and lergest belt follows the Devonlan syncline from Franklin County
northeastward to northern Arocostook. These are intruded in Devonlan
sandstone and are probebly of late Devonian or Carhonlferous age. Mt .
Kineo on the shore of Moosehead ILeke is an example of thls mass.

Granite. The exact age of the granite intrgsions in Maine 1s not
known. In the Basiport region the granites cut rocks of Jilurian age,
while the Perry conglomerates, helieved to be of Mlesissipplan age, con-
tain vebbles of similar granltes. Throughout the remainder of the
state where age can be determined, the granites which appear older are
associated with rocks mapped by Keith as pre—Cambrlian. Also, some
granltes cut rocks of Pemmsylvanlan age and the sppearance of other
masses indicate intrusions in the late stages of the Appalachlan Reve-
Jution.

fagalt. Basalt ocours in Meine only as dikes which are all too

amall 4o be ghown on a mep of the scale of Feith's. These dikes
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determined by the tracings of quarbtzites snd phyllites into similar
formations in the neighborhood of Woreester, Massachusetds, which con-—

tain Pennsylvanian fossilse.

Devonlan. Mest of the Devonian rocks in the state are found in
the synclinal basin entering Maine in northern Arcostook County and page-
ing southwestward througsh the Moosehead Leke region, ending in the granite
intrusions in northern Franklin and Oxford Countles. Bome shales and
glateg are found in this ares but most of the formations are brown and
gray sandstone of Lower Devonian age. The bedes in the Moosahead Lake
reglion are called Moose River Sandstone, and frasgmenie of these rocks
have been carried south snd ezst by the glecier.  Another area of Devonian
in Aroostock County near Presque Isle ig fossiliferocus and is ealled the
Chapman fSandstone,.

Misgissivpiean. There are two areas of red conglomerate and sand-

stone in Maine: the Perry Sandstone, norihwest of Presgue Isle, and a
smaller area located in Maplebon. The Perry dandstone reshse upon
S41lurisn rock and contalinas granite pebbles of Devonlan ags. It has baen
placed in the Upper Devounlan becanse of the evidence provided by plant
fossils. Areas of simllar rock occur in New Brunswiclk and have been
congidered to bhe of VWisslgeioplan age. Bscause of the period of earth
movenent in the late Devonlan, Tollowed hy the erosion and denosition of
rad sandstone in the maritime provinces in the Missilesipnisn time, the
Porry conglomerate ls considered To he of the same age. The Mapleton
Sandstons clageification is somewhat comparable. Tarth movensnd
occurred hetween the sandstone snd Devonlan sediments upon which it resie,
thus causing it to be considered 28 an outller of the red sandsbone in
Wew Brunswick which is of Missizesippien age and regts sinmllarly wpon

folded Palsogoic sediments.

Pepnsvlvanlan. A series of slates, phyllites, gquartsites, and

impure limestones have been mapped in York County. The age hag been



—.39_

A long period of stability followed this movement during which
¥ew Bngland wag reduced to a2 great peneplain with meany low hille.
Erosion continued throughout the Purassic period and wes practically com-
pleted by early Creteceous dime. Wo evidence of Cretaceous sedimenis
have been found in Mains, It is possible that Mt. Hatahdin represents
an unreduced remnant of the grest Wew Bngland plains formed in Jurassic
and Cretaceous time. As the Cretaceous and younger sediments were
stripped from the plain, ridgss were developed with steep slopes facing
inland and gentle slopes faeing seaward. These ridzes hove been callsd
cusstas, Cuesta banks covered with glacial drift hsve been ldentified
off the ceast of Maine. The Cretaceouns peneplain may slope from an
glevation of spproximately 5000 feet in the White Mountzing to the bass

of the cuestza banks in the Gulf of Maine, with the Cretaceous surface

At the end of the Cretnceocns period, crugtal siabillity ended and
a renewed uplift t1lted fthe Cretaceous peneplain to the enst and west
and renewad the streams. The Crefaceous erosion was thereby renewed
along the eastern margin of the depogits and meiterials were redepositad
seaward. These deposits are burled beneath the sea at the edge of the
continental s¢helf.

Intermittent uplift continued through the Tertiary periocd and
probably reachsd a climax in the early Pleistocene wrlor to glaciation.
Maine probably stood higher than it does today and extended out on the
continental platform several milés sagt of the now existing coastline.
Burisd gorges extending below sen level give evidence of this high
stand. At the time of the last wplift, the topography of the Sinte

of Maine 1s considered to have reached » stage of maturity. The maturs
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SHAPING OF 1UE PREGLACIAL SURFACE

Wo sediments were lald down in the Siate of Malne after the
deposition of the Perry and Mepleton sandstones until the deposition hy
the glacier in the Plsistocene perlod. The period of time, estimated
ag 140,000,000 years of the Mesozoie or wedieval 1life, and 60,000,000
vears of the Cenozoie era or modern life, lg recorded in rock structure
and surface topography rather then in sediments.

The Paleoczoic ers ended in a grest mountain-malking movement known
28 the Appalachisn Revolution. Mountaing were folded up in a beld
extending from the southern stateg across southern Maine and eastward
through Nova Scotia and Wew Brunswick.

This perilod of earth movement was followed by erosion during
which the mountaing and lend were reduced to 2 plaln dotted with hille.
Faulting occurred and the Conmnecticul Valley was formed to the west of
Maine, and the Fundy Valley to the esst. DTuring the Trisssic period,
volcanic activiiy occurred, pouring out floods of lava into these basins.
If sueh lave flows occourred im Maine, they have heen eliminated by
erosion. The baszalt Gikes occcurring along the Meine cosst are similer
to those in the above mentioned hazing and may have heen feeders for
lave flows Llong since removed. These dikes cut 2ll other formations
and are the youngest bedrock in the state, Late in Triazssic and early
in Jurassic time, movéements sgain occurred in the earth's crust to the
east and west of Maine, resulting in the formation of mountalinsg compar-
ables to those existing in the souihwest at the present Hime. I% is
quite Dossible that similer faulting oceunrred in Maine but up to the

present $ime 1t has not heen recognlzed.
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GLACTAL EROSIOW

Tutton (1881) deserives glacial ercsion as the resuli of two com~
plex processes. MThe firet group comprisges those which accomplish the
disintegration of the rocks, reducing them to Tragments, pebbles, =and
and clay. The seqond conprises thosme processes which remove the debris
and carry 1t awey to another part of the world., fThe first is ecalled
digintegration; the second, trensporiation.®

Tne advancing lce of the continental glacier exseried an eroslve
force which is evidenced by a comparison of rocks south of the glacial
limits with those in the glaclated area. In Maine, the surface rock
is solid and undecompozed while the ledges in the southern states are
westhered aand decomposed for a depth of several feet. During the
Tertiary perlod when the present topography was heing formed, Maine
probably tecame coversd Qith a residual, decomposed rock similar to
that present today south of the glaciated ares. This was removed by
the advance of the ice sheet and today the bedrock bhelow the glacial
devosite is largely solid with little indication of weathering. There
is little or no evidence of preserved preglacial soils in Maine.

The seouring and plucking action of the glaclier removed the
weathered rocks snd cut inte the solid rock beneath. Rocks and sand
in the bottom of the glacier left parallel seratches on the bedrock lnown
as strias, The best strize in Maine are found on slate and shale.
However, quartz velns carry strias when marks heve disappeared from sur-—
rounding rocks. As strise offer the best evidence of directlon of ice
movement, 2 map showing the direction of the marks (Fig. 11) indicates

the direction of the latest movement of the ice over the sinte.
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stage in the ecyele of geographical development described by Davis (1909)
asslsts in the portraysl of the drainsge system of Malne at this time.
n maturity, the relief retains mueh of the inten~

sty of adolescence and adds therete a great varlety of

features. The valley lines are closely adjusted to the

structure of the reglon, thie conditlion having been

gained by a delicate and thorough progess of natural

selection, in which the most sultable drainage lines

survive, snd the less sulisble ones are shortened or

extinguished. The impetuosity of youth hes disapopeared:

2ll the larser sireams have developed grades on which

their ability to do work is nieely adjusted to the work

whieh they have to do: the lower courses already show

signs of aze, while the upper twig-like branches are

relatively youthful. The whole drainsge system lg

ezrnestly at work in 1t's %ask of base-leveling the

region, sund the forms that the reglon hag asaumed besyr

witness to the elose zesrch msde by the streanms fTor

every svallable line of effectlve work.®
This maturity iz evidenced today by the gently rolling hills and bresd
valleys, the bottoms of whiech are filled with glecizl cutwash snd marine
clays. Deep snd narrov gorvges indicste rapld uplift =nd erosion for a
ghort time previous to the lce advance.

Ftudies have shown the existence of canyong on the edge of the con-
tinental shelf off the cowst of Malne, These are helleved to be several
thousand feet deep and apvesr to heve bheen caorved by rivers. If these
canyons were rivers carved above the level of the ses, then 1t is logieal
to sesume thad the elevailon of Fatahdin snd the Moosehesd Plateou vere
peveral thousand feoet higher in the past than they are today. This
great uplift undovbhitedly influenced the climate snd was instrumental in
introdueing the ice sge to Wew Englend. Maine covld very well have had
glaciers in the wvelleys of the higher mounitains prior fo the maln ice
sdvance Trom Tebrador. TFenneman (1938) sitates that the Faitahdin reglon

conteined outmoving valley glaclers whose directlon of movement wes

unrelated to that of the general lee sheet,
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Glaciasted ledges often have a characteristic slope. Thé pide
facing the ice movement 1l apt to be smoothed to a gentlie slope whils
on the oppodite side, where plucking is more active, the glope i steeper
and may be cliffed. Such ledges of "roche moutonnege? form are common in
Maine and a2re useful in determining the direction of ice movement where
gtriae are lacking. Von Engeln (1948) states that "the roche moutonnde
unit is representative, In miniature, of all the phenomena of glacisl
eroglon.® Mountalns which have been glaciated often take on this form.
Such exampleg in Maine are Mount ¥ineo, near Moosehead leke; The Jubbles,
on Mount Desert Island: Mount Blue, in Avon: and De Boulie Mountaln in
Worthern Arroosbook.

The srosive power of glaclers is incressed bty being forced through
valleys and between mounteins. A glaclier moving down a valley erodes
the gide walls as well as the bottonm and givee a U—shsped profile to the
valley. These valleys are characterized by flat floors, stesp gide
walls and truncated spurs. Although Maine is not rugged enough for the
mogt characteristie dévelopmen%, many mey be found in the state. The
Little Black River valley in the Allegash region is an example of a
characteristic glaclated valley and is undoubtedly preglacial. Others
may be found in the Fatahdin region, on Wount Desert Island, and in the
hilly western part of the state.

Pjords are glaciated valleys submerged by the sea.  Although the
Maine coagt has been called a fjord coast, Investigations of the sub-
merged valleys indicate that very few of them have distinct glacial
features and are probtebly drowned rivers rather than glacial valleys.

Tormatlon of certaln features by valley glaciers are distinguish-

able from those formed by continental ice sheeis. Cirques, the most
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Fig. 1i. Direction of glacial striase in the State of Malne
o8 mapped by Perkins.
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GLACIAZL, DEPOSITS

It has been estimated that at least 90% of the present surface
of Malne is covered with glacial drift. This drift has been divided
into two types, unsiratified drift or WEillM and stretifiled drift or
Myash, ¥

Till

Til1l, which is charascterized by the lack of bedding or soriting,
ia eompossd of whatever materlal the glacier happened to obtain at the
time of devosition. The dlstribution of ¢1ll in Maine 1le related to
the topography, being very thin on the upland and ag deep as fifty fee3
in the valleys. It 18 entirely lacking on many of the higher mountains
and on the ledges near the coast. T111 is characterized in the shale
reglong by its heavy clay content and In granitic reglons by boulder
Tield formation. The materizl in most Medine tills is largely local.
Perking (1935), irn his count of %111 commosition in southern Maine,
found an average of 70% strietly local material. Bgkers in the same
region showed a representation of local material of only 304.

ftones and boulders of different character from thet of the rocks
upon which they rest have been called "erratics." IMany large erratics
have been found throughout the state, and erratic stones and pebbles
have been found by Tarr (1900}, Smith (1928}, and Antevs (1932) on the
suminit of ME. Katehdin. From the evidence provided by these men, i
hag been concluded that this psak, the highest in the state, was com~
pletely overridden by the last ice sheet.

Bands of boulders which have bsen named "boulder trains! are
often cerried by glaciers and deposited over a region In the general

direction of ice movement. Many such boulder traine are found in
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cheracteristic of these forms, sre amphitheater—shaped valleys with
gsteep head and side walls and flat floors eroded into & series of steps.
The best developed cirques in Maine are those of the ¥atahdin reglon and
of the mountains in the western part.

1% is believed that glacial erosion played a minor role in shaping
the present topography of Malne. Glacial valleys follow former river
valleys; mountains have been smoothed and a few clrques have been formed.
Perkins (1935) has classified the microtopography as glacial and the

macrobopography as preglacial.



by drifting ice masges. Driftd naterial wasg deposlited in deep valleys
and open plains, in deep or shallow water. Becausge stratified drifs
was deposlted by water actlon, most of it is to be found in the valleys,
whereas the till or unstratified material covers the hills. The low-
lands of the south-central part of Malne were covered by the sea in
Pleistocene time; therefore most of the stratified deposits there are
covered by marine clays. Inisnd, in the hilly portlon of the state,
stratified drift is confined to the vallsys in which it was deposited
around gradually melting tongues of ice.

Moraine Banks. fThe frontal glacial deposits in Maine have the

form of smooth, hummocky ridges wlth contact slopes on one side and
gentle sloping wagh plaine on the other. These depogits have been
named Mmoraine banks.! The best sample of these in Maine is a series
of moraine banks in the southwestern part of the state known ag the
Rewington Morsine.

Cutwash. In Maine extensive areas of wash plains were Tormed
by the discharge of the finer materisls from the ice front by melt-~
wataer, The largest wash plaing in the state nre found 1n Washington
County. Other extensive plains of sand and gravel in York County
merge_with and are covered with marine clays.

Depressions in outwash plains caused by the melting out of
buried ice blocks are known ag 'kettles.® Most of the small ponds in
Maine, znd some of the larger lakes, are helleved to have originated
in this‘manner. Kettles may in time become filled with vegetatlon
and pasgs into the bog stage. The plain in front of the terminal

moraine in the Sebago Loke reglon 1l pitted with these depresslions.
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Maine and they are of interest in indicating the direction of glacial
movenent .

m311l, which has been modified by the lce traveling over it, often
hag a hummoeky appesrance and is known as "ground moraline.’ Bpecial
forms of ground moraine such as drumlins and t111l terraces-are of par-
ticuler interests

Drumline are elongsted messes of till smoothed by ice and having
a stresmllned appearance. Dramling consisting of bedrock veneered with
s thin layer of till have been referred to as Vrock drumling. " Mogt
drumling in Maine are of the true type consisting only of %ill and are
found largely in two areas, one being in the extreme southwestern part
of York County and the other in the northesst cormer of Aroostook County.

Perkins (1935) has classified another topographic development of
Moine tills as "ti1l terraces." These occur along the sldes of higher
valleys above the kame and river terraces. In the Androscoggln snd
Swift River valleys, in the vieinity of Rumford, all three kinds of the
ahove terraceg are represented.

Bnd moraine, algo known as terminsl morsine, has been defined by

Flint (1947) as & ridge-like accumnletion of drift along the terminal
margin of a glacler or the margin of an ice sheet. It is typleally
built of t11l but as in the case of ground moraine, may contein gtrati-
fied material. Typleal end moraines of t11l are sald to be lacking
in Malne.
Wash

Mach of the glacisl drift in Maine, especislly that in the valleys,

was worked over by meli-water from the glacier. The water-laid material

was deposited in swift streams or quiet water and may have been disturbed



After the outwash sediments were deposited, the plains wers
elevated sbove their original formation level and streams began to flow
over thelr surfaces. Rivers enbtrenched themselves toward thelr present
level, and stream terraces were formed along the sides of the valleys.
These terraces may be distinguished from ksme terrsces by thelr more
regular stratification and the curved meander scarg slong thelr fronts.
A1l of the larger =2nd many of the smaller rivers of the siate have ter-
raced valleys of this type.

Neltas. Deltas are deposited where a siream loaded with sediments

diseharges into a large body of water, #3lacial deltag! are formed by
streams discharging from a glacier into a lake or sea. Vatrean deltasgh
are formed where land streams enter & body of water. A third $ype,
Fig. 12. View of esker deltz at Augusta, Maine, looking north from
T. 8. Highway 202. Yesker deltms, (Fig, 12) is probably the most common in Maine.  The

upgtream parts of these deliss were built againet the glacier terminus
and with the meliting of the ilce, the sediments slumped away, altering

the delta form. Agide from this, eglker deltas differ little from

stream or glacial deltas. Deltas are common 1n Malne, ranglng in size
from small forms to large massive deposits.

Kames. Kemes are low, steep-sided hills of detached lce-contact
stratified drift appearing as knolls, mesas, or ridges. (Fig. 13)
Those with ridge-like sppearance have been termed Yerevasse f£illings, !
a0d when sufficlently elongated pass into eskers. Kames are often
clogsely related to eskers and may form a part of an esker aysten.

Maine 1s dotted with several sizgable kame filelds. (See Plate II.)

Kame Terraces. Kame terraces have been defined by Flint (1L947)

as accumlations of stratified drift laid down chiefly by streanms

Tige 13. Wooded keme near North Woodsieck, Oxford Counly, Mains.

between o glacler and an adjacent valley wall and left as a construc-
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tionnl terrace after the disappenrance of the glacier. These terraces
often resemble eskers which have swung against valley walls. Well devel=
oped kame terraces have been found in the upper Androscoggin and
Kennebec River valleys.

fskers. The most characterigtic glaclal feasture of the stste is
the esker, known locally as "whaleback! or "horsshack.? Wo other place
in the world can boast of better eskers than the Btate of MHalne. Bowman

{1900) gives a colorful descrintion of Maine eskers in saying:

W, .. they represent channel deposits of subglacial and
englacial streams that discharged across the gone of wast-
age of the continentsl ice sheet. They form a not incon-
slderable part of the ftolal area and are conspicuous
rellef Teatures, ofbten extending for miles without a break
of any sort and with even summits, again crossing hills
and valleys, the level undulating in sympathy with the
general topography.!

The typical esker form is a narrow-topped ridge with steep sides

and may be contimious for miles, with few gaps and more erratic stones

present ag it is traced upstream. Mountalns are crosged by esker syg-

Tig. 14, Section of esker, Bryant Pond, Maire.

tems at lod maddles, gaps, or cols, and at thess crossings eskers are
very apt to be discontinuous. A typical esker siructure (Fig. 14)
conslste of ilrregular bedding of fine snd coarse materials. Eskers
were probably formed during the late stages of lce recesslon after all
movement in the region of esker devosition had ceased, This seems to
be the most logical explanation of the presence of long ridges of undis-
turbed stratified gravel thaet crossz the direction of ice movement. In
wgstern Maine, the relation of the kameg to the eskers shows thls same
thing.

Much of the southern part of the state was heneath the sges and
the lowlands filled with clay during the later part of the glaclation

period. In this region the glacial deposites of the esker systems of
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MARINE CLAYS

Glacial erosion produced not only sand and gravel but also large
gquantities of rock flour. Beceause of its fineness, much of this rock
flour was carried out into the sea aond devosited zs marine c¢lay. Most
of the clay that coverg the southern and central regions of Maine was
deposited in the sea that covered that part of the state in wnoat-glacial
tilme. Marine clays are ldentified by their contents of mering fossils
and by lack of varvesg or banding. Marine clays in Maine have aslso hsen
divided into two types according %o theilr color. Both of these tyvpes,
brown and blue-gray, are underlain by sand, bedrock or $#ill, and in maﬁy
places the blue-gray underlies the brown clay. Marine clgys pecur at
elevations a8 low as ten feet along the present shore. Inland from the
shore the clays are found in the valleys at increasing elevations to the
north, the highest being over 400 feet. The clays do not cover the
entire coastal ares but are restricted to the valleys. In 1948
Goldthwait (1949) attemoted a more exsct loeation of the northerly
limits of the merine clay area (Pigz. 15). This limit is 8till consid-

ored unsatisfoctory as much of the clay is covered wlth other deposits.
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the larger valleys became mantled with clay. In many cases 1t ig evi-
dent that these eskers are pre-marine and have been subjected to wave
erosion.

In the extreme southwestern part of Meine, in York County, eskers
are almost entirely lacking, only an occasional ridge projecting through
the merine clay. Farther inland, in the hilly region, eskers are more
common. and are associsted with Eame terraces. In the coastal region,
in eastern Maine, eskers have the appesrance of discontinuous keme-lilke
ridges in the river valley sand plains. As one progresses farther
north, eskers apvear to be more continmuous following the north-south
valleys. Some of the longest eskers in the world are found in the

gouthern part of Arocosbook Uounty.
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ABOLIAW DEPCSITS

Dunes. Toward the end of the marine invasion period uplift of
the lend occurred, resulting in the retreat of the sea to beyond its
present shorsline. Sand deposits were washed out by rivers over the
mud flats and formed the great sand plalns of the larger river valleys.
Tittle seems to be known of the Penobscot sand plain ag wost of it is
covered with forests. The Kemnebee sand plain covers marine clays from
Bingham south to Worridgewock, from which woinit the main mass extends
southward and an eastern arm contimies nearly to Augusia. The great
sand plain of the Androecoggin extends south and easst, covering all of
the area now drained by the lower Androscoggin and Kennebec Rivers.
Exposure of these great sand areas to wind action resulited in dune form—
ation. Wind is still active in several parts of the state, the Desert
of Maine a1 PFreepord being the most widely known,

Loees.. Loess hos been referred to by Smith and Fraser (1935)

88 FTine-grained, non-stratified deposits formed by the settling of dust
varticles from the atmosphers. Fhe bulk of the loesz is regarded by
most geélogists to have been transported and deposited hyrwin&.

According to Bryan (1950), our knowledge of loess dates back to
Richthafents (1877) study of dust storms in China. Where the loess of
glacisted reglons hasg besn closely studied it has been found that it
becomes finer textured and thimner with increasing digtaﬂce from its
source. It hag also been found that the mineral ceantent of the loess
resembles that of the corrésyonding gipe—grade fraction of +t111 in the

same reglon.

Actlve outwash plains provided a source of fine sediments Tor the
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HISTORAICAL BUMMARY OF THE IATE PLEISTOCENE OF THE ANDROSCOGGIN, XKBNWEBEC,

AND PENOBSCOT VALLEYS

1. Adwvance of the major ice sheeit, burying 11 of Maine and extending
beyond the state limits, accompanied by a lowering of the see level. At

this time most of the glacial erosion and deposition took plzce.

2. Retreat of the lce —-- Jeposition of outwasgh sedimenta.

3, Advence of the ssa inland to an elevation of 400 feet or more above

the present sea level.

L, Deposition of the marine ¢lays in sheltered and qulet waters of the

embayments fed by meli water of the ice containing reck flour,

5. Occupency of clay bottoms and flate by merline organisms,.

6. Readvance of relatively thin and weak lce sheet. TFrosion slight and
$111 deposits thin. Stagnation and dissipation of the ice tongues:

formation of principal esker system. In pari, the reworked marine clays
of the esrlier marlne stages form a very clayey t111 easgily wmisteken for

marlne clay.

7. As the ice melted back, as well as downwards, a gecond marine invasion
inundated the land and locally washed the lce front; esker delias were
bullt, and on the tidal flats the brown clays formed, while in the esztu-

aries of deeper waler, o second marlve clay was deposited.

8. Withdrawal of the seas, accompanied by wave sctlion, wind, and stream

work, modifying and removing parts of earlier deposlis.

-
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.
sccumulation of loessal deposits during the Pleistotsne epoch. Although
these depesits are not known to be common in Maline, certainly the large
sreas of glaclial outwagh could have provided sufficient source material
for extensive loesg deposits over much of the state. TUn to the preg-
ent time, these deposits have been found only in York County capping

the drumling, till deposits, and gravel plains.

o e e ol sfeole

The following brief hiabtoricel summary of the late Plelstocens
of the Androscoggin, FKennebec, =nd Pencbseot valleys by Trefethen (1947)
is of sssietance In visuallzing the order of deposition of the glacial

deposits previously discussed.
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Table IT. Olassification of the Pleistocene Period

Modified from Perkins (1935)
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THYE GLACTIAL PHRIOD IN MAINE

The Pleistocens represents a veriod of glaciatlon and refrigera~
tion not only in Mailne but throughout most of the world. The glaciers
covering Maine were only a part of a series of continental glaclers.

The glacial period consisted of several stages of glaciation separated
by atages of deglaciation. Table II shows ome classgiflecailon of these
stages. Maine zlaciers probably all belonged to the last or Wisconsln
stagze. There is 1little evidence of pre-=Wisconsin glacistion, although
Sayles and Antevs (1927) reported the presence of three %ills in‘southern
Maine suggesting an age older than Wlsconsin, possibly Illinolan.

There were probably two ice advances in Malne as was noted in the
previouws summery from Trefethen. Distrivation of gravels, direciion
of girise and the relationship of marine clays %o grevels in eskers
lead to this comclusion. Aceording to Perkins (1935), there is not
enough difference in age to place these itwo movewents in ifwo separate
stages, and they may have occurred in the smame substage. Goldthwait

(1951) considers all surfleclal deposits in Maine to De Mankato.
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