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1. ¥ater Relstions s = Primary Faclor in Site Differentle

ation on the Haxrverd Forgest. The broad paiterns of vegetae

tlonel types 2l the Harverd Forest are correlsted with major
features of rellef, exposure, and dralnage. 7Thus recent
workers (Raup snd Carlson, 1941; Spurr, 1950; Stout, 1952)
have emphsslzed that forest types in which black osk, white
oak, snd red maple are prominent ccour esmmonly on exposed
ridges and hillteops. Frotscted ravines and lower paris of
northefacing slopes, on the other hand, are often characterized
by the pressnce of much hemlock and beech., ERed oak, white
gsh, red maple, and white plne are the meost abundant trees
of suech intermediate slies as long gentle slopes. Red meple
ig also very common in forested swamps; while ash and yellow
bireh may be assoclaled wiih it in such situstions. Lareh
and bleck spruce, togsther with red maple and hemlock, are
found in the nmore open bogs.

Correlated with ithese topographical festures are physleal
fectors which moy AInfluence the graﬁih and development of
plants. Resche (1953), for example, has found striking differ-

ences In tempervalure between hilltops and valley bottoms in

‘?‘1

Poteraham. On one sumner night in 1048 the tempersture at
Harvard pond was 180 Ps lower than that at Progspect Hill, only
Sel miles away and 627 feet higher on the slope of a promie
nent north-south ridge. It is to be expected thal rates of

evaporation and transpiration may be relatively low on eool



lowey sicgpes snd vzlley bottoms. RBldges snd hilliops, ex-
posed to sun, relastively warmer alr, and deslecating winds,
might be predicted with confidence to be relatlvely dry
ha%itété. Fartheraore, reln water running off ridge tops or
draining through ih@ ground m&y'accummlate at lower elevetions
h@férélﬁlﬁimatalg prasing into siresms. Consequently, hille
tops probably are less sbundarntly Supﬁii@& with grmﬁﬂﬁ %ai@r
than lower gsliopss and b@t%éms. Thesge ﬁﬂmsiﬁ@raiiamsrar@.
summariz@é in ihe @ﬁﬁmon ﬁbg@rva%i@n %h&i on the‘ﬁarva?ﬁ':
?oreﬁt hilitops sre dryy vailey Dottoms are molst or %et; a§ﬁ
slopes apre Intermedliste In molsture content. %ince majof.vege»
t&ti@éal types ave alsc correlated with tépagrapby, the iﬁf@?-
" ence is @bvi@ué that differences in avallable molsture may be
of primery importanse in influencing thelr distribution on the
Harvard Foreat. |

The sugeestion that weter relatlions might also be impor-
tant in the differentiation of subtypes within major forest
types of ihe Harverd Forest was made by Stout (1952). Pree
vious iﬁ?@ﬁtigat&rﬁ had described and attributed to historical
aﬂ@iﬁént the patchﬁark dlstribution of red cak and white ash
on & gentle wesi-faclng slope of the Tom Swamp tract. By dig-
ging several desp plis within the different loecal types of
vegetation, Stout found important differences in the subsolls,
Yhers white =28h was the primary species, he found Within.la
inches of ths @urfaca of the ground & compact lsyer of soil
capable t@m50?afilg of perching & water table., Under stanéﬁ

of red oak, on the other hand, this compaet layer wag found



gonerally at depths of 22 Inches or more. Extending his
observaticons to other parts of the Harvard Forest, Stout
'disaavered thrat his compact layer was very widely distribum
ted lndeed, being sbsent only on some dry hilltops and sandy
' out®ash plains, He wasg also able to confirm the relationw
‘ship bétweam the depth to the gompact layer and the distribu-~
tion of dry and molsat types of vegetation.

stout observed further that varistions in depth to the
compael layer were relsted io certain previously overlooked
microtopographical festures. By careful examination he found
that many of the long gentle slopes of the Harvard Forest
really consist of sets of terreces, the relatively steep fronts
of which ave often banked with boulders and stones. On or
immediately behind sueh terraced fronts the depth to the come
pact leyer of subsoll was always conslderably greater thaﬁl
gsone distances baek from them. By an ingenious application
of theories of periglasclal ‘frost setion, Stout was able at
one stroke to account for the distribution of terraces and
variations in depth to the compact subsoil. According to
these ldess, which have been repeatedly eonfirmed in obser-
vations made near existling retrealing glaciers, solﬁfluctlen
and loess deposlilon ere exceedingly common phenomena at
glacial fronts. It has been demonstrated that freezing soil
can absorb considerable amounts of water. Upon melting, this
soll is converted into a viscous ligquid which slowly creeps
down gentle slopes., Alternsting freewing and thawing also

shatter boulders, and expsnsion and contraction of the



underiying earih may ceuse the resulting fragments slowly

to migrste peripherslly, forming stone rings. If the migraw-
tion is not equsl in all direciions, sione ellipses and
stripes may resuli. DSitons stripes and boulder flelds simle
lar to those found ab high latltudes or on the tops of high
mountaing of the temperate and iroplecal zones are not une
common at the Harvard Forest. Stoul has produced convinecing
evidence theil many of the stone~banked terraces of the Harwvard
Poreat have indsed resulted from solufluction,

Dust storms and deposition of loess are also much in evi-
dence along the fronts of existing retreating glaclers., Stout
argued that the relatively uniform layer of fine sandy loam
which blankeis the Harvard Forest, coyering the compact laver
of 20il where the latier Ls present, ma; gézioeasial in origin.
Thus Stout ﬁ%rive& the Petersham subsoiia from glaclal t111
modified by congeliturbation; the compact layer is appropri-
ately ealled ithe tight tilll., 7The overlying loose layer 1is
loess, probably ulilmately to be derived from silt deposited
on glagisl ocutwmasgh streams, and this, too, has been modifiled
by the setlion of frost slince its oripginal deposition. Thus
by appeal;nw to mechanismg of periglaciesl frost action, Stat
eat one strake sogounted for ithe exlating microtopography,
the 1003@ ang compact layers of soll, and for the distribu-
tion of exlsting sites and corresponding forest types on the
Harverd Porest.

It is not always posaible to distlngulsh surfici&lylsams

from underlying tills except where the latter are sandy or
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gravelly or very compsci. Ubliteration of sharp boundaries

botween loess and t111 is belleved to heve besn ceused by
congeliturbation and windihrow. The presence of many stones
and bowlders in the surficlal losms mey be explained in the

BROE MABRNSY.

2. The Siudy Area. Since Stout’s work was a ploneer vene

ture, it was necessarliy extensive,; and 23 he himsell reale
ized,; hisz studies ﬁ@é& nade mostly in stands of complex
history. The purpose of the work reported in the present
paper was 1o invegtigeate lantensively on a relstively small
srea the relatlonshlps beiween subsolls, topography, grounde
waler, and vegetation. #An srea ldeally sulited for such &
study should possess the Teollowing five altributes: (1) It
should contaln good exemples of frost forms, such as boulder
fields and stone-banked ferrsces; (2) A $ight +111 should be
present on st least part‘gf the arsa; (&) It should be covered
with & stand of virglin timber or old-growth woods, the pre-
vious cullural tresiment of which was known to be simple
and uniferm throughout the area, A large number of tree
gpecles in the canepy layer would be desirable: (4) It shonld
be representative of an Important site=type of economic im=
portance to the Harvard Forest and the surrounding area; (5)
It should be aboul ten seres in size.

A small part of ihe northwestern corner of Compartment
I of the Tom Swamp itract, whiech fulfilled these stringent
requirements in all respecis bui one, wass chosen as the area

for this situdy. 'The vegetation, unfortunately, had had a



somewnsl complicated blstory. An lmprovement cutting, the
boundaries of which were somenhat vaguely defined, was made
in 1908-8, About three sords and three thousand board feet
of large=-toothed aspen were removed per acrs. In 1914=18% '
thres thousand board feeb ol scattered chestnut were cut in
antielpatlon of I1ts being killed by the blight. Following
the hurrlecane of 1938 seversl up=rooted pine logs were sal-
vaged and 87 cords of fuelwood were cut from leaning and
~fallen trees. It is, of course, probably lmpossible to detepr=-
mine how much influence such actlvitles have had on the come
position of this stand. Hosit of the area; however, a@p@ar@
always to have besn in woods.® It contalns some of the
fineal large itreesg of white pine and red oak on the Harvard
Forest, many of which are 80 te 70 feet tall and 15 to 20
inches in dismeier at breast height. ¥Floristically, this
area is unguestionably richer in both wﬂqﬁy and herbaceous
gpecies than any other stand of comparable area on the Hape
vard Foreat., Thus, slthough the stand has probably been
pastured and certalnly strongly Influenced by both wind and
axe,; it represenis the nearest approach to an old-growth

midslope woods avallable at the Harvard Forest.

#The area is part of houselot #bB1l deeded to Joseph Whitcomd

in 1733. 1In a deed of 1825 the 70 scres contalning this

arpa were deseribed ss "wood and pasture land" (Artemus Bryant
to Jonss Hoee, Hov. 20, 1825; 245/640). Approximetely the
northern half of the gtudy aresa was mapped as woodland in 1850
{faup and Caerlson, 1941}, and was again described as woodland
in a deed of 1888 (Loti Pennis, & butcher of Orange, to
Phinsas Brooke. June 25, 1888, 1269/648),



The study area contains good examples of probabie frost
forms. The most siriking of these 1s a boulder fleld which
cuts across a large part of the study area (Fig. 1). Some
of the stones in this fleld are over six feet high, and
many have angulsr faces. Two sieep-fronted terraces also
were readily distinguished. The study area ls topograph-
ieally diverse in other respecis. A smell swamp, choked

with & deuse growth of Ilex wverticillata, is sltuated near

the southessitern corner of the tract. After heavy rains,

an intermitdent stream rushes down a smsll revine néar the
southern beundecy of the study zrea. To illustrate thesse
featurss, a contour mep of the study ares was made In 1952
by %e Jo Gabriel and the author (Flg. 2}.

Post holes dug to depths of ten inches or mors revealed

the presence of a tight till over mosi of the area. 1In a
few places, nolably along the western border of the tract,

no tight tills were found, even at depihs of over 40 ;nehas,

i, f”? :
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The solls of the study area were mepped by the U. S/&Eureau

o{fgééis aéjségéiéééuéfgaé ;;;; i%}m;oﬁé, 1939-41)., There

iz considerable varistlon, however, in the depth of the

melanlized, highly orgenlc surface layer of the soll, and

the presence or absence of a tight t111 {compact subsoil)

should, in the copinion of the present writer, be sufficlent

to throw the solls of the study area lnto at least two series.
Situated on:a northwest-facing, long hillslide of gentle

glope, well drained except for ocecasionsl small swales, the

study area ls typical of a very extensive type of site on



the Harvard Forest. The only other Important area of olde
growth forest, the so-called "Barre Woods" of Slab City,
wag avolded, because it represenied the ecool, north-facing,
ravine=bottom hablitat type, of relatively minor importsnce
on the Harverd Forest.

The area studied contains ebout 366,000 square feet
(8.4 seres). It was possible to establish a rectengular
gria of 58 stations spaced at intervala of about 100 feetl,
at which the ground water was observed frequently. Five
intermediate atatlions were subseguently established. Thess
61 statlons are labeled A, Poy sreey Elog on the topo=-

graphlc map.

3. UOround-wmater Btudles. Observetions on the behavior of

the ground-watser itable constituted s major part of these
studies. At esch of the 81 stations a "post-hole™ about

18 inches deep and 15 inches 1n diameter was dug. The depth
from the surface of the ground to the ground-water in the
‘hole was then measured on 29 days from Hovember 5, 1951,

to June 13, 1952. Although no attempt was made to measure
the depth to the water table in other ways, it 1s believed
that the cobservations accurately represent the behavior of
the mater in the‘greund near the stations. Spaeth and
Diebold {1938} in south-central ¥ew York found that water-
table meésurements made In simller shallow wells differed

in no important respect from measurements msede in tube wells
if the compact layer of the subsoll was not penetrated in

the excavaltion.



The resulis of ithese observations sre summarized graph-
feally in Fig, 3. It is obvious that there was considerable
diversity in the bshavicor of the ground-water tables, Holes
Dy and ﬁ?’ for exsample, were nearly full of water during

the entire period of obssrvation. "Holes Aoy Rys B

4° “'g* BS’
ES* B&“ Gl, ﬁ4$ onn the other hand, @sr@ almays completely
dry. DBetween thess two extreme iypes were sush Intermedliats
stations as By, 61”3 Dys Dga Dygo Bxo EE' In order to reduce
these many observaetions Lo more easlily grasped relation-
ghips, the stations were classified sccording to the pat-
tern of ground-water behavior as seen In the grapns. The
procedurse followed was simple. All stailons the graphs of
which nearly mateched that of gstatlon Al wore clagsifled as
belonging to the "Ay type.” Since A, did not fall In this
category, it was consldered as the type for & second class,
the ﬂﬁg type.” The behavior of A, as lndleated by its
graph was considered sufficlently distinét from these two
types to justify the erection of & third class typifled
by it. This procedure wss continued systematleally until
each astetlon had been accounted for. It must be emphasized
again that the classificstion Is based entirely on the
appearance of the graphs, and that no atiempt was made to
1t the statlons to an arblirarily predetermined number of
clagses. The six types resulted simply becsuse the graphs
séem@ﬁ to the author to fall inteo six natural groups.

Obviously, the classsificatlon 1s not perfect. The AB type,

for exsmple, intergrades wlth both the A, and Ay types
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of behevior, In the opinion of the auther, howsver, the
by Lype is best kept distinet., Others may disegree. This
.simply means, of couree, thst In this,; &8 in wmost hwnan
attempie to categorize natural pheromens & certain subjective
glement is unavoldable. One may esk, in faci, Iif any class-
ification such &z ithe one presented here hus a loglcal basis
in theery. Is there any a oriori reason why the depth to
the ground-water in . any two holes should behave almost
identleally over the period of observetion? 1If so, the
glaagsification has a loglcal basls, and an ildeally correct
glagsiflcostion must exist. If noi, the elsssifiestion is
merely a meltier of convenlence, designed to reduce Lo zome
sort of order a mess of over 1700 observatlonsg which could
otherwisge scarcely be comprehended. In the latter instanece,
no idsally correet elassiflicatlon exisis. In the opinion
of the suthor, the phenomens here studled ideally should
not be classiflied iﬁt@ discrete categories bul instead
should be represented as polints on & contlnuum. Practleally,
however, this is difficull and hence the classifleatory
method of presentation ls followed,

Fig. 4 indicales the average behavior of the water
table inrgacn of the six molsture clasges, obtained by
computing the dally meaﬁ depths to the water teble within
each molsture class. Where no waler was observed {dry
hole), the depinr to the ground-water ltable was arbitrarily
plaeced at 20 inches. The graphs sre arrsnged in order of

incressing wetness of'sité, the Ag type belng the drlest
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and the Ay the wetitest. Included also is a graph showing
the daily rainfall measured over the perlod of ocbservation
at Harvaprd Forest headguariers, aboul three miles from
the study area. 7

In the fall of 19562 the author re-excavated all holes
_in prder to determnine the depth to the cempact layer (%ﬁight‘
+111%), In 46 holes this layer was readily encountered
at depths of ten to 35 ineches. The tight till was lacking
or apparently so in 15 h@lés, although each of the 1atter‘
Bas excavawed to a depth of at least 30 inches. When the
molsture class of a station was plotted as 8 function of
the depth to the tight till, the resulting scalter dlagram
{(Fig. 5) indicated a fairly close linear relationship. |
Where the depth.to the tight till was less than 18 inches,
the statlon invariably beionged to one of the two wettest
moisture classes. On the other hand, where the tight till
wag 35 or more inehes below the surface of the ground or
where 1% was lacking, the stailon always belonged to one
of the three driest categorles.

These relationships may be stated in another manner.
The pumber of days in which a statlion was dry (no water
standing in the post hole) was plotied as a funection of
the depth‘te the tight t111 (Fig. 6). At the 14 stations
in which the compact layer waa 18 inches or less beneath
the surface of the ground, the holes we}e dry on no more
than two of the 29 days on which observations were recorded.

At 15 stations no tight tlll was found, although the holes
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were excavated to depths of 30 to 46.5 inches. All sueh
stations were dry on at lesst 24 days; In elght water was
never recorded.,

The relatlionahlp shown in Flg. 5 cbvieusly is not per-
fect, indlcating that the wvariation in bshavior of tha
water table is nol entirely to be sccounted for by parallel
variation in the depth to the tlght till. Other factors
such a8 degree of slope and differential internal resistense
to flow of water caused by roois, siones, and bouldars
also Influence the behavior of the ground-water table.
Hevertheless, the presence or absence of a tight till and
its depth bhelow the surface of the ground certalnly were of
primary importance in determining the behavior of the

ground-water table on the siudy aresa.

4. Vegetational Studies. &lthough the subject of this

paper 1s ihe intervelatlonship of the ground-water regime
and the compsact layer in the subsoll, observations were
also made on the tree éovar of the study area. A itree spscles
was recorded as present at & station if its crown was over
the hole and i%g trunk was one inch or more in dlameter at.
breast helght. #mall and large trees were not differenti-
ated, nor was the abundance of the species recorded., A
subjectlive estima%é of the primary specles, however, was
made at each station. The frequency &¢f occurrence of the
five most common species of trses found on the study area
hes been plotted for each watep-table class (Fig. 7).

White pine was much the most frequent specles at the driest



13

stations (A, type). Red maple and red oek were common at
dry, intermediate, and wet stations; the former was most
freguent-at very wet holes, the latiter at intermediate to
dry sitea.

Fig. 8 suggestis a relatlonship between the depth to
the tight till and tree cover. Where the compact subsoil
was lacking, white pine waa the most freguent species,
White ash and red maple were the leading speciss where the
tight till was within 18 inches of ithe surface of the
ground,; although white pine was agein common in this situ-
ation., In exeavating the pits, 1t was naticed that tha
bulk of the roots of trees dld not penetrate the tight till.
A agmﬁact'layer near‘the surface of the ground might well
hindsr the grawt@‘af species normally producing deep roots
and ihua favor competing specles with shallow, spreading
root systems, The tight till mey thus affect ithe compo-.
sition of vegetation guite independently of any influence
it may have on the behavior of the ground-water table;

Although the stand studied conslsted of a mixture of
about 15 specles of mature trees growlng on a moist slope
fa%orable for the growth and development of hardwoods,
the 1eadingrtree species w&s white pine. White pine was
recorded as the primary speciles at 19 statlons;: iis clés-
| est competltor, red ocak, was the primary species at ten
statlong, White pine was also the most frequent species,
being recordsd as present at 27 statlons, although red oak
and red maple vwere almost as commonly encountered. The

importance of white pine in this old stand is surprising,
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baéause in a nearby stand in the ssme compartment it was
found uneconomical to avtemplt to perpetuste whlte pine in
competition with the same species of hardwoods. At the
outset it mﬁst be admitted that the white pine trees grow-
ing on the study srea may be of "old fleld” origih, ale
though the form of the trees and whait llttle is known of
the ﬁsawhistory of the stwly srea makes this unlikely.
" On the other hand, when the distributlon of white pine
over the study sres le considered, it seems much mors
probable thai ihe plne emerged successful in competltion
wiith the havdwoods. Bhilte piﬁe wag most Freguent at gtae
tions of the 4, (dry) type, and where the tight 11l was
lacking., Although it appears_to be competitive with the
hardwoods on somevwhat molster sltes a8 well, white pine
is pre«eﬂineﬁtly a mpecies of relatively dry sltes and
perhaps develops basi in falrly light solls whleh permit
its roots freely to grow in 81l directions. It would
appear that white pine can be grown with profit in the
reglon of Petevrsham if careful attention 1s pald to the
gite. Many foresters have become discouraged with the
specles because it ig not competiiive on all sites, bui
this would hardly seem to be a falr test of 1is poten=
tialities. _

#hite ash appears to be the economic speclea best
gulted to very molst and wet siies where the sompact layér
of soil is relatively near the ground surface. Although

red maple is more frequently present and dominant in sueh
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sltuations, 1t ls, with rere exceptions, valuable only as
firewoods #here white ash was the primary specles (three
stati@ﬂﬁ) the compact layer waz less than 22 ilnches from
the surface of the ground. It would appear, therefore,
that wﬁiie ash ecan be grown profitably in meist pockets,
swales, and along ithe banks of streams, pfeviding cdmpa-
tition f?om red maple 1s redused.

On intermediste sltes red oak was the moat frequent
specles. Growlng on the study area were several handsome
gpecimens which well illusirated the potentlialitiss of the
‘species in the Petersham area. Black and white birches
gers also common. The impertance of bluek bireh in the
forests of Petershem seems very generally to have been
underestimat@d. Logally the itree has been used only for

cordgnod .

5. The Nature of ithe Tight Till. Determining the depth

te the tight till was not always a simple task of digging
until & uniform, easily Pecugnized,.compact layer was
rgached. Yo ébmpﬁet layer was found in almost 25 percent
of the holes excavated. In a few (Ag, Gl", ES) a fairly
tight layer was found, which was recorded as "meakly
developed.” Buech situations, howsver, were exceptional.
At the majority of statloms an ummistakable tight ti11
mas readlly found winleh differed from the overlying sandy
loams chiefly in degree of compaction and in color. For
charting profiles of irenchses and pits, the blade of =a

jackknife wes Jjabbed point=-Tirst into the side of the pit
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&t several places., The tight 111l was charted as the layer
of soll penetrsated with difficulty by the knifeblade.
Commonly, especlally in very wel places, the tlght 4411
ceuld be distinguished from the dark surfleial layer by
its light, blus-gray color. Where the surficial loam wasg
reddigh brown, the tight 4311l was usuelly & somewhat yele
lowish gray, svggesting that it had been less thoroughly
oxldized than the overlying lsvers. To summarize, the
tight 111l is & layer of earth two to four or more fest
thick ﬁistingu;sh@ﬁ from over-lying layers by 1ts more
compact ;%§§£%&?@ and by differences in color.

The texture of the tight till 18 net noticeably ﬁif»,
ferent to the touch from that of the overlying lcam, anﬁ
Goodlett {unpublished) in & large number @f\earefml sift— )
imgs;fauna no important éifferences in prspartions of
sané and 8lit between the two layers. This facit, together
with the observallions of imt&rgr&ﬂatians in compaciness
“hetween an easily recognized tight 1111 in meny stations

and its apparent eomplete lack In others, make plauaible

‘zw/\_g s 1 4 W ,“ﬂ_—:-..“r e 'J";V' :

¥

the hypothesis that the tight t111 may be a hardpénnua
compacted gubsoll derived from the same perent materisl
&8 the overlying horizons. According to this intepe
preltatlion, stations at whlech the tight till 1is lacking
are plages Iin which a hardpan never developed, because
conditlions were unfavorsble for its development. ¥here
conditions were sllghtly more favorsble, doubtful "iight

tills®™ developed. At statlon Cy" a compsct, graylsh layer



sbout six inches in tunickness encountered at s depth of -
. 32.5 inches was recorded as & tight t11l., Deeper digglng
revealed compact gravel in the bottom of the pit, but ﬁhis'
latter gould not be classlfied as a tight 1i1l. In hole
A, 8 thin, weakly developed compact layer was found at a
depih of 25 lmches, bul this gave way to looser soil be-
neath, and no other gompact till was encountered to a
depth of 40 inches. To sumsarize, at seven stations the
compact layer was recorded as "doubtful” or "weakly
developed.” In the 61 heles excavaied, almost all poss=-
ivle degrees of compactiness were found.

These varistions in compactness of the tight till

would a@en;ﬁiffiealt o explaln under the hypothesls

that the latter 1s "geologleal” in orlgin, According to
that thearg, thertight till represents the surface exposed
by the retreating glaeciers; the overlying looser sandy
loam conalsts of material deposited by wind but subse-
guently modified by congeliturbation and windthrow to in-
clude some material originally deposited as t1ll. Much
varistion in soils has been attributed to the vagarles of
glacial deposition, but providing that the materlal de- e
poslied was very nearly the same over the study ares, it
is difficult to understand how some subsoils came to be
80 much more compact than others. g

Agecording to the harﬂpan th@ory, the “"tight t1117
nas originated since the retreat of the last Wisconsin

glaclers through the action of soll-forming processes.
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Since the siudy area contalins statlons at whicgh thE-t;ght
till is present, abseni, and present but weakly devaloped,
1t 1s ideslly suited for the lnvestigatlon of conditlons
necessary for the devslopmeni of "tight tills.ﬁ%{The re-
sults of these studies may be briefly summarized. Where,
because of the nalure of the topography and the texture

of the subsolls, water tended to collect and slowly to
pereolete through the soll to the permanent water table, .
8¢ that the solum was nearly saturated for relatively
long perlods of time, herdpans tended to develop, Where
the teopography féver@d rapld runoff or s coarse subscil
allowed rapld percolation, so thal the solum was excese
sively well drained, hardpans did not develop. Ths two )

extreme situations will be discussed separately.

a) Tight $ills well developed. Stout in 1952 made

the lmportani observatlion thai whers the ground surface
was concave, the loam overlying the tight 1111 was rela-
tively thin, but where the surface was convex the loam was

¥
splecuous concaviitles on our area. The latter was situsted

relatively thick. Stations &4, and ﬁ? were losated In conw

In & small sweamp or swale on a terrace flat where the
tight 111l was well developed snd only ten inches from
'the surface of the ground. PFlg. 9 indicates how wéter
’carrying particles of sllt and elay may tend 1o accunu-

| late in such situatlons. The solum through which this
weter alowly percolates scts as & kind of filier, screen-

ing out the suspended particles. The latter in time tend
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Lo elog bhe pores of the filter, wiih the wesult that ul-
timately waler moves through the solum with increasing
diffieuvlity. The water table is thues temporarily perched.
The mors prenounced the clogging process, the nearer ths
herdpan will move %o the surfage of the sround. The bot=
toms and banks of lntermiiient strsams sand rivulets are
also %@11 supplied with wsier laden with silt, slay, and
colleldal orgsnic matter. Stations Ag, By, QQ', ¢

in? 5159

Dg's Dygs By' end E, , were located near an intermittent

10
stream which flows in & wealerly direcilon through ithe
gouthern end of the study savea. In all a-@%ll developed
bight t111 was found, snd in eight of these ten holes the
depth to the tight t111 was 17 inehes or less. A trench
dug scrpss thls stresm beiween statlons Eg and Dg is
profiled in Fig.1De. The depth to the Lizhl t11l was at a
minimum in %ma-straam bed, where 1t was only 11 inches.
Farther down the stream at stalion Cg the depih Lo ihe
tight $£111 wes sgain only 11.5 inches. Similar results
were obisined &t the other end of the study ares. The
depln to the well devsloped tight %11l at ststion By',
at the edpe of a smaller intermitient stream, was only
ven inchess. Another plit was dug 30 feet upstream from
statlon ﬁl’; bere the depth to the tight $3111 was 16.5
inches.

Statlons Oz, D'y Dy El’, and Ey, which possessed
wall developed tight tills within 18 inches of the sur-

facse of ithe ground,were not situated in cobvious concawvities
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opr near intermitient streams, or other sources of water.
Ho simple explanatlon of the development of these "tight
t111s? ls offered under the bardpan theory. It should

be noted, however, ihat'a% Dl' the water in the hole was
perched ten inches or more above the tight 1111 on 27 of
the 29 days recorded; similar @bs&rwatioﬁs ware made atb
station By'. Since the ground waler remained well sbove
the surfses of the Light $ill;, It would appesr that facltors
6t$er then the tight t111 slone weve tending to malintain
it at & high lévelq Loeal concenirations of stones,
boulders, and tree roots probably tend to impede the free
lateral flow of ground water and thus favor the develop-
ment of hardpans.

To summerize, 12 of the 15 staticonsz at which tha
tight till was wiilhin 18 Inches of the surface ﬂflth@
ground were supplled with sbundant ground water. Con-
versely, in almost all places known to e supplied with
an atundsnce of mater, the tight 1111 was found at depths
gf less than 18 Ilnches. Station Ay was axeepﬁionﬁl. Al
though 1t belonged to the ﬁ? molsture eclase, lis tight
111 was found at & depth of 26.5 inches.

b} Tight till absent. Tight tills were lacking at

15 statlons. At eight of these {ﬂg, Agy Aga By, Bys Gy,
Cas Dlﬂ) coarse=grained material--gravel, sand, or loose
mles schist-=was noted st the boitom of the pit. The

remaining slx holes were excavated to depths of at least

&% inches before the work wmas shandoned. The lack of a
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compact layer at the stations where a leyer of eoarse mates
rial was present at depth 1s convenlenily explainad undsr
the hardpan hypgthesisc after percolating through the
upper solum, water moves rapldly ithrough the layer of coarse
materialy, flushing the upper layers of small particles.

The effect is essentlially that of the flower poi inm the
hottom of which pleces of rock or broken crockery are

pilsced to facilitate "drainage.”

These relations were studied in more detall in =2 deep
pit exeavated between stetions By and B, (Flg, 11). Under
& thin melanized horizen lav a l16-ineh belt of reddish
gsandy loam., Thia rested on an horizon approximately two
feet thiek, of yeilewi&h, slightly compacted, fline sandy
loam, Beginning at a depth of 41 inches was a belt of
conrse sand and gravel varylng in thickness from three to
1%¥ ingches., The latiter materizl was underlain by apparently
solid schistose roeck, whilch oceupled the entire 26 saquave
feet of the bottom of the exeavsition. Although clearly
ne tight ©ill was present, the yellowlsh herizon of this
pit 1s, according to the theory here presented,; an inecipe
ient hﬁy@pam which c=an be shown almost impsrceptably to
intargradém%ith the very compaet "tight t11ls" of other
stations. Under the geologleal hypothesis, however, the

loam overlying the gravel musti be consideredhentirelﬁﬁ

“.théeﬁsiml in origin since 1%t cannot be distinguiéhéd from

the loams overlying nearby "tight tills.” The only glscial

@ﬁp@ﬁitlin.the pit would then be the narrow beli of loose

gravel overlying ihe mica schist. A% nearby stations
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were present i

and A,)s howsver, "tight t1lls”
solls of spprozimataly the same texture,
polor, snd depth as the yelleowslist horizon in this plt,
Aegording Lo the geologlenl theory, ithese compact lavers
musd bs glaelal in origin. 4 map of the glaeclsl depoaits

on oup srea would thus show s compreb, fine sandy loam
eovering the esstern and soulhern parts of the study zresa
bat @ésgiﬁg abruptly into ssand and gravel betlween Bg and

Br, the latier phass contloulng to station Az. S2uch a

map would meke degree of compacitness the only basis deter-
mining whether s soll hovizon was glselal or loessial in
origin. Under ithe harﬁgan theory, the éntlire solun is
glagial In origin {ﬁé loess lg hypothesized}. It is

assuned that open channels under the lge may loeally have
been fillled wiih glacliow=-fluvial deposits of coarse matee-
rialg, but over these snd the rest of the area was deposited
& relatively uniferm [ine sandy loam, dlspersed throughe

out whleh were numerous ﬁt@ﬁea'anﬁ bowlders.

Both geologleal snd hardpan theories have bheen dis-
cussed elsewhere, bul no general sgreement sbout the
origin of compeect tills is evident. The U. 5, 3¢il Survey
in 1is Hanual (1981} recognlizes a group of "very compact
horlzong, rich in sili, sand, or both, and usually rels-
tively low in clay, /ehlel/ commonly Lnterfere with water
and root peneiretlion. When dry, the mnmpéct material
appesrs 1o be Indursted, but the apparvent indurstion dis-
appears upon molsiening.” Uuch leyers, termed "fraslpans®

becsuse of thelr britileness, sre ppperently identical with
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the "tlght t31ls® of the Hervard Forest, The Survey Han-
ual states that "it has not yet been generally agreed
whether fragipans sre merely an expresslon of sxtreme come
paegtion oF are peversably indurated.” dahng, in s U, S,
Geologlecal Burvey report (19583),probably expressed the
views of most geoclogisls ln stating that the unsiretified
blanket of 811t and fine sand present in all parts of the
Ayer Quadrangle {(2ast-gentral iassachusetts) is "evidently
of windblown origin.” ie recognized twmo kinds of t111
underlying the windblown material. The younger wes gensrally
"pouldery, loose, and poorly compscted” and was most come
monly pearl gray in color, although pale reddish browa and
tan %1lllis wers also present. The older bill, which was
davrker in ecolor and distinetly more compsct, was charse-
terized by a "closely spaced parting that aplits its filne-
grained porticns loto thin chips on freshly exposed
surfaces.” Since brittleness snd compactness are also
charzcteristic of fraglpsns, it would apresr that these
tills might be interprsied as hardpens by some.

It is the opinion of theapra;ent suthor that on the
Hervard Forest at lesst the harﬁpgn itheory 1s probadbly
correct, alihough the evidence 1is by no means complete,
Furiher lnvestigation 12 nseded on the microsecople struce
ture of the "tight $311.Y Are the pores in the soll
actually clogged with very small partieles which have
moved down from overlying laysrse with the percolating

ground water? The wmrliter observed In one plt vertical
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streaks of colored m&@@rial axtending from the loose loam
into the tig%% till. mTh@ plhiencmenon may be more general.
ire the loose losm and the tipht t111 mineralogically iden-
tical, as requi?ed'by the herdpan theory? The dlstribution
- of Lhe tight t111 threoughout Bew England and adjecent

| gbates should be investlssted. Tne wrlter has noted a
typieal tight till in a grave axca?&ted in 1983 in Scituste,
Yasgschusetits, whers this ceﬁpaat layer is apparently well
known to farmers. If the tight till is the result of a
soll-forming orocess, 1t should cceur wherever climate and
parent material &f thae s0ll closely regemble thome obieine
ing at Petsreham. Until these polnits have been more thor-
oughly investigated, the trus nature of the tight t11l wlll

m}t be underatood.

6. Applications. The investigations reported here of the

physieal factors related to gite differentiation are of
interest in view of a recent grouping of soils Inteo six
"soll=dprainage classes” by the U. 3. 30il Survey (19513.
Althéugh it is encouraging to find that the primary Impor-
tance of soll moisture ls becoming wildely recognized, it
is to be hoped ihat fﬁture cluggificatory schemes will be
placed on a sirong observatlonal basls. JMuch survey work
on solil molsture is based on degree and depth of soll
mobbling, but the relatlonship between motiling and mols-
ture needs much more clarification. It is argusd that a
motiled soil indicates preduction of iron compounds. Thié

in turn is an iandication of oxygen lack and consequently
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of gonsideratle molsture. It ls itrue that Spaeth and
Disbold {1938) demonsiraied the correciness of this argu-
ment 1n e gtudy made in south-gentral Mew York State,; but
more extensive inveatigatigmg are needed. A satisfsctory
gsoll-drainage clegalfication smat be based ultimately on
the behavior of the water itself, not on putative indl-
catoers of its behsvior. In sclenge deductive arguments
may suggest btut do not prove relationships. In the absence
of supporting data, therefore, any classiflcation of solls
based on degree and depth of wmottllng mustlbe considered
st best dovbtfully wvalid,

It appears quite evident, however, that site mols- |
ture has had an imporiaznt influence on the distribution
of major specles of trees on bthe study area, It may also
have influenced profoundly the development of its solls.
This l2 not to suggesl that the vegetstlon of the study
aprea can be camlrehendad through the study of s single
envirommental factor, however importsnt. In faet, if the
whole hebliat were thoroughly understood, the vegetétion
growing on 1t would always remein an enigma to the degree
thet chance events might have determined the estsblish=-
ment of indlvidual plants on sites to which they were not
perfectly sulted.

Sueh chanee events, however, need not serlously con=
cern the forester, who in the menagement of any wlld stand
must in any event choose smong the trees alrsady grovisng

on the aite, sccurate sppraissl of the potentlialitieg of
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the slte ls imporitant in sueh cages. The forester who
recognizes the Importance of sell molsture ﬁay legiti-
mately ask for practical msthods of eatimsting the mols-
ture c¢lass of a site. BStout's work suggested that the
shape of the ground surface might be useful in estimating
the depth Lo the tight $ill, and this idea 1s strongly
supported both theoretically and observatlonally in this
report. Where the ground surfece is concave, soll mois-
ture is likely to be high and the layer of looze loan
overlying the tight ©ill is generally thin. ¥here ths
ground surface 1s convex, solil molsture 1s usually lower
and Lhe layer of leose loam 1 generally thick. Foresters
witn a good knowledge of the loeal flora may find core
relations between soll molsturs and the ground vegetation.
%, 4. Gabriel and the present suthor recorded very marked
differances in ths frequency and abundance of several
'h@rbaceous specles under adjscent stands of young red oak
and white ash in Tom Swamp I, not far from the present
study area. Students of soils may prefar to excavate

post ninleg. If a Llight $111 is found within 20 inches of
the grouﬁd surface, the site 1ls probably sulitable for white
aghs The present asuthor, findlang all these methods useful,
confesses thal even taken togeiher. they are not completely
sufficlent. A certain amount of intultion, based on the
forester's experience and personality, will in hls opinion
aiways play an important pari in judgments of site qualiiy.
Site evaluation, therefore, will probably always remaln

somethlng of an art.
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T« SHummary. The depth to the ground-water was recorded

at 61 stations in the wmestern parlt of Tom Swamp I between
Hovember, 1851, and June, 1¢52. On the basis of these
6bQGPVaﬁionS, the statlons were grouped 1n six site-moisture
clasaeée

The depth to the tight t111l wes determined at 46
stetions; compact subsolls were apparently lacking at 15
stations. 8lle-mnolisture cless wes shown to be correlsted
with depih to the tight 1111,

Although the use-hlstory of the study area is complex,
'tha dlstribution of imporitent timber gpecies is correlated
with site-nolsture class and depth to the tight till.

Whnite pline was the most frequent specles on dry siltes and
where the Light till was lacking. White ssh was most
sbundant on wet sites, but the legs valuable red maﬁl@

was & severe cosmpetitor in such situstions. Red oak wmas
the primary specles at most Intermediate stations, although
black snd white birches were also common.

The compact layer of ithe subsoll ("tight t111") is
interpreted as a hardpan, probably equivalent to the
"fraogipan®™ of the ﬁ. 3. 50ll Survey. It iz suggested
that the formatlon of such herdpans ls Tevored by ample
suppliea of water and a uniformly fine-textured soil,

Yhere coarse sand or gravel undsrlay fine sandy loams,
herdpans were not encountered or were wsakly developed.

#Hethods of site-molsture sstimation are discugaed,
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Flpgure 1

Boulder conceniration near sitatlon




Figure 2

Hap of sbtudy srsa. OContour Iinterval 3 feel, Spols
labaled A&Q ﬁgg sesacy El@ indiecate stelions at
wileh goll snd ground-water siudlies were made.

Gontours drawn by ¥, J. Gabriel,






Flgure 3

Resulis of ground-water studies. The depth to the
gompact leyer of subscoil at each statlon is Indicated
in parentheses. Asterisk (%) indicates pli was eXe
gavated to depth Indicated without sncountering a com=
paet laysr. In the graphg, ordinates lndicate depth
Lo grouvnd-water table. Dry holes are arblirarily

representesd ag If depth to ground water had been 20 inches.
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Figure 4

Average behavior of ground water in the gix molsture
classes. Daily reinfall in lnches for peried ﬂf'
record wes measured sl Harvard Forest headguarters,

about 3 miles from study area,
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Figurs B

Site-moisturs class pletied as functlon of depth te
the compsct layer of suhao?la Ay ﬁg, senueg ﬂlO
indicate stations at which sell and ground-water

studies wers made. Asterisks (%) indicate pit was
excavated to depth indicated withoul encountering

gompact subsoll.
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Flgure 8

Slte=molature class plotied as a funciion of depth to
vhe compacglt layer of subsell. Nole ithat wells in ﬁhicﬁ
@@mya@tl;ay%r lay #ithin 18 Inches of the surface of
the ground were dry on ne more than 5 of the 29 days

on which obsevvations wera recorded,.
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Pigurs 7

Frequeney of ocgurrence of 5 most common tree specles
on study aree plotisd as a funcitieon of sits-molsture

ClaBs,
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Flgurs 8

Prequenoy of occurrence of 5 most common tree species
on study arss plotted as a functlion of depth to com=

pact layer of subsoll.
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Flgurs 9

Influence of shape of surface of ground on direction

of flow of ground wnater,.
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Figure 10

Profile diagrem of & trench dug scoroess ravine in south
end of study arez. Depth Lo compeet layer of subsoil

i3 least in sitresmbed.
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Figure 11

Profile disgram of plit beiween sitations Eﬁ and EW“

Bote layer of sand and gravel at depih of 40 inches

and absence of compact subsoll,
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