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THE SNAKE DANCE

By Martox L. OLIVER

T was after a hot day's march aeross

the desert that | had my first glimpse

of Oraibi, one of the pueblo towns
of the Hopi Indians. It looked like
some gigantic fortress, looming m the
distance above miles and miles of desart
sand.

As we tode nearer we saw that at the
foot of the great rock on which the town
wae built were little patches of com and
a few peach trees, tiny gardeéns wiich
looked parched and stunted in the bt
sun of the desert,  We pitched onr camp
a1 the foot of the mesuy and spent the
pight waiting in great excitement for the
morTow, Whn we were 1o see the great-
est religions ceremony of the Hops, the
Suake Diance. which tikes place only
every two years, amd tor which we lmd
comte &3 far.  The dance was: to take
place at the hostile village, “Io-Ta-Vila.”
> mmiles beyond Oraitd,  This village to
vy 1= miore interesting than the other
older towns, for there missionances are
Tit 1."-'1‘_|.|.:|.rl'm:, sethionls |I.| ol -_'.":!':-il. Elul.hEE-
are not thought necessary, apd the il
faith of the Hopis 45 guarded and tauein
with eare by the Antelope and Swide
pricsis.

\t last morning canmie, anid at the firat
notes of the revetlle 1 was up. My tent
was open and even from my biankels |
cold ser in the dim morming Lght the
ereat wall of the mesn, several lundred

feet high, with the Hopi village on top,
frowning at the white men who had
cume Lo see the sacred ceremony of the
Hopi nation.  Althoogh . was very
carly, 1 conld bear from time to time
sonps and voices floating down on the
chill marning air; evidently the village
was wide awake. The time passed 3l
too dawly, and breakfast and the regular
catnp rontine seemed unending.

At last 11 o'clock came, ani, mourit-
ing our borses, we started for what
proved a most thrilling experience.  We
had to ride up 4 very hard trail over
the me<a. through Oraild, and on over
the desert on the other side.  The trail
was filled with both Navalwss and Hopis
on lttle underfed Indian ponics, sil on
their way 1o see the “hg medicine”
Soon the hostile willage, Ho-Ta-Vila,
was risiched.  Evervywhere there was o
fecling of iptense excitement, and al-
reacdly the roofs of the adobe houses
surroudding the tiny plaza were bemg
covered with gaily dressed squows and
Httle nmaked children, looking like tiny
mianhigany cuptds

We foend a cool spot in the shodow
of & homee and ate our luncheon before
exploring the village. The willage was
delightfully forcign, and [ had 10 keep
pinchimg myself to make sure that it was
not all & dréam.  The doors of the low
adobe houses were open and one ool

= Y
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ANOTHER VIEW OF THE PUEBLLY OF WALTI, ON A MESA A FEW MILES FROM CORAIII
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“Cheantl loowed hke wome gigmntie fortress, Toommmie in the distimee above '1||1' arnd miies of

|||_l||'| stiil Wy i

lnak in withoa thiat ofe
pryuig,

| 1 (I} |I| ise | et ) ) r.|'-'I.‘ 'r'1|'|il-;‘_."i.' T e
momal © hatr-dresser  diomg. the voung
matden’'s hinr, for tmmarried mandens
dir therr bair in o style of their own, m

g round coll over each ear, 1o repre-
=ent the icssiim.

In another doorway was a young
sinaw wiath the fattest aoel  bhrownest
baby 1 Liave ever seen.  He wias s naked
as the day he came into the world. and
was ‘epting, much o oy hormor, 2 nielon
almmnst ‘pe bir s himseH

The ni ¥t hotse 1 looked
celver] quite a shoek, fo

tecling wWils

. i
SCjLnLsl

Mt | ome
instead ol sew
chinlil i

g =onwe [ndian STIC (WO
=L EeTie | TR Ty hittTin: s :-;';l_'1_' |l'-|]-'_1_--:f
bck ot 1 |l seemped quite at D
1Y LB, FOIm

Al ifigd e onter |'I|Q|' of the ".'i'-|5l_'|__‘_'|_
were little eorrals, and there were mansy
more  borrs o many sheep Ao

]'i".'.'I:-_ 0T 1'|'|||- TP ||;!'||"
11 both the Antelope aned
stuke clans, but were pob allowed to
||_'-_'-|._ I:'.El'.'I:'. :1:.'-? (§ 1) ':.jlr ||a.|'.'|, t. as the ||I_|'|_'-_i-'.-

witlked  past the
q_1'.|.|||l 2 III.III.-I. -

pitchoed aur camp

P lwirtir by Sltw Flarberi Wademnrth
1E the feot of the e
Wwoeie I"ll“.l'l.'l'|1|:: atiil ]-n; A5

LT '.|'|1._' J|:J!I[l.'l._

I tound s=ome one who onderstood the
oftgin damd meanmg of the donece, and
returning to the plaz, we climbed ap
af one ol the nears by rools, nom which
vie hid a splenhd view of the tepee-like
- et |'l..1 cs_ .Il'llJ l.l-1I|I.J. J IIJ]-. IJI:'
:|'|||IIJ Over the :‘-uu'l- Lo LHe " sl l|.|.|'| II"!I

|_|.|-|I_- Uk

ieadhime out of the Smiks |.1‘..1, el s
vird agoin over the odoe of the mesa,
over miles and miles of desert sand, o
the distant blue =an Frandiseo Moun-

tuiris. W kile waitnge for the cerfemony
o begin, e told me somewhat af its
arigin. and reliEions mesning.

‘Tt =eeins that :I.-.' Hogns beheve that
lomg, lomg ago ol riankind cpme up

F I LEIEErT AEEr e '|_| RE I‘.Il"

earilrs surfiace

Giand Car

throuph a pur ol e Vo
i the Colomrodo River \s the varmns
farmilies emerged, some went north. =rme
guth, and some west amil éast. Thise

driven
O n

that went norih, the Hamis. were
itick By Beree anld whitned thies
loreel apd Bualt thers

place called To-ko-na-li.  Bat

g lwdse=€ at n

untorts-
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desert place, where no
corn conld not rrow,
village had two

nately, this was g
rain fell and the
I'lie chief of
sons, the elder of whoa, “Tig,
e returm o Lhe snyderseon b
could bearn of the poads how to
pssured] of their favor | e
lmsell a oothn-hike boat of a

resolvied
where he
be Rlwave
mide  fior
[l low

tree. into which he sealed hamsels and
was threwn intio the Colotaldo Kiver

which he was convineed would cirry ham
down 1o the home of the gods, s raide
[irint diowis  the :-”.Irli.l]"r and over
the fallzs mto the secret bowels of the
carth

“At last it came to n stop. and Frmo,
looking out of s peep-hole, saw the
Spider Womman, who mvited him to enter
her

-r.'l_'-ilr.'1|.

Hiiti s The Sotder Waoamnan s a
great personage n the Hopi faith.  She
it is who calches the clonds into her web

in the heavens and makes the min poss:-
ble. “Tign accepted her anvitation and
she gave him the power of invisibility,

LE BN AKE

DDANCE

Y roigan, of Yasodes, Califomin

Pl by A, ©

F CQRATRI

e m o descend still lower into
the earth, outl] he reached the Snake
"|.'|'|r|:'.|i||hl' ]l::lliﬂ*;. '|‘|1._':I'|.,' .’|1|' wWals rq_'-l'l"i.'n.'::ﬂl
with great cordiality and learned all the
necessary ceremontes for making the
T:i.:n--.-l--u- s tune and g, the mipening
winds (o and order the coming and
g,'uiupl ol 1he .:a||:L|.|]=-_

"W\ ~r11 words of alfection the chief of
the Snake-Antel .],-._ clan gave him many
thimgs irom both the kivas;and also twao
matdens, hoth of whom knew the soake-
Inte chatim hguad, and  mstructed e
that one was to be s wite and one the
wife of iz brother, to whom be mos
Lring her in saiety. Then, hnally, he
gave fhum the swered standard, ‘the ti-
potad,” amd told hame that it mast be re-
vered and protected, and in ocall’ his
pravers and worship 1t must be at the
head of his aliar, o his words would
tist reach TThose Abowve.

'eo now started o hormeward
journey, and wheh he reached the Spider
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Woman's home she wove a deep basker,
into which she packed Tigo and the two
maidens, amd then, letiing down part of
the web from the clouds and attaching
it to the hasket, the clouds drew thia ap
sufely to thé upper world.  Tigoe gave
the younger maiden to s brother and
atmottced that o (6 days they would
celebrate the marrioge feast. On the
fitth day after the announcement the
Suake people from the underwarld camie
o the upperworld, went to the kivas, and
ate corn pollen for food,  Then they left
the kivas anil dil:iri}[qu-ﬂrcd,

“fiat Tigo and the maldens koew that
they had only changed their appearance
and were i the valley in the form of
snakes.  So he conmanded his people ti

o dnto the villey  and  ecapture  then,
Ering them to the kivas and wash them,
and then dance with them.  Four days
were spent catehing them from the four
guarters; then with solemn  ceremony
they were wiashed, anid while the prayers
were offered the smikes hidened to them,
a0 thot when gt the close of the dance,
where they danced with their human
brothers, they were taken back to the
valley and released; they were then able
(o refurn to the underworld and carry to
the wpoids there the petitions that their
o brothers hid  aftered  on the
carti’

This was the orgin and medning of
the tnigque ceremony we were 19 witpess,
| was socipterested m the legemd that
before | knew i the soumd of a whirring
notse made me look up, owd then | saw
that the sun was seiting and at last the
time for the dance was come,

The whirring noise become lowder and
arounid the corner of the plara appenred
the priestz of the Antelope clin, the
leirvest priests.  They were naked to the
waist, and were pamted a wirm red
hrown: from each shiulder and breast
ran o white sigzag line to represent, the
lightning. They wore a kilt, which came
to jiast above the knee: a gray fox skin
hune behind, the ail almoat touching the
erounid s necklaces of silver and heads
were their proaments.  The chief Ante-
lope priest had in his hand a weird wind

I T

matrument, which as he swung sounded
like the angry, soughmg wind of a stomm,
Muny of the other priests cartied rattles
which made the sound of falling mun,
sthers hud ears of corn, or others hutveést
eriblisms.

suddenly my companion caught my
arm gl said, “Look!” Following his
pointing finger, 1 saw a priest pscending
the Indider leading from the Snake kiva
He was coversd with o long ¢oat and car-
ried o preat bag. the contents of which
writhed and wriggled. He came quickly
it the plaza, deposited his bag of
snakes under the tepec-like altar, and
retirned to the kiva.

I képt miy eves plued to the Tadder,
for 1 knew that the Snake priests had to
come up that way. and | was rewarded,
for just as the ravs of the setting sun
struck the top rung of the ladder a wild
figure emerged, dresscil more or Tess Tike
the Antelope priests; bat with long, fow-
tng hair. crowned with masses of feath-
ers. As he reached the top of the ladder
he ook o handiol of sacred meal Trom
his pouch, and with a splendid free
gesture he flung it, with up and out-
stretched arm; towards the sinking sun
and for a second stood ke s bronee
statue with prm uplifted os the meal, a
tiny white ¢lond, flosted downward over
the eilge of the mesa.  Then e tumel
anfl stepped into the nareow strect and
another took his place. and another, and
another, antil all hal lefr the kiva: then
quictly mmd  without any h thaey
matrched nto the plaza and ook thar
stimd st opposite the altar, facing the
Antelope pricsts.  Then the chiel priest
of the village took some sacred mesl aml
made a hine with it between the Snake
and Antelope priests,

Now the ceremony began, Crossing
hands, they swayed from cast 10 west
with eves half ¢losed. After about o
of these motions they bhurst into & deep-
yoiverd chant, stamping with the left foot
upon the ground.  Next they swaved
frem west to cast and again gave voice
to the queer, low chant. 1 got a little
nearer and heard that as they swaved
they were praying in low tones
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viter a while some of the priesis
]JLF_I.-._j' til .- llll-. ]u'.EI ]"' ']'ll'"li“.:‘_'ﬂ :I'I'II'{
sang with thor cyes ..'~.4..f] and heads
bent. The silence, except for fthe
chanting, was geliing on 0y BETVES
| looked around and saw crowds of
people, all silent; even our tROGPETS
were guiet.  Suddenly the smging
SLO |;!|.|| ana the ":.Ilii]'-.l' [ lests sl
in Hne, single rlh onily every other
priest had his | on the shoulder
af the one m I.|--|1r of him and m
the allier handd cartwed fa wand ol
engle fenthers. Fonr other smiike
'|Ir=-|.'"-1'- stalinned lfll‘tl1:1t!1t'1:=r al the
TREL: M a11ts of the COTHHELES

T"hen suddenly the “ Antelope Clan™
began another chian lopder and far
wilder than hetore. Thr_-'- stowai] 1
front of the altar, swaying forwards
sl backwirds, At about the second
stunza the Snake prests began 1o
TRV E ] .'|r|:|_|1||'i TIi'IL__'|' Wi, sl -'L'|.1l|| lElI:‘
plaza, with a fumny, high-stepping
motior.  As they passed the  aitar
they paused amd staumped twice om
1 bonrd that was over a hole i the
grotd,

] ,1._-!-.1:_'l| T1i.:.' 1|-l|'|:.i:11"1ll'-fll 1-".|'Iil'| 'i‘
mednt, and he said that the Hopas
belivve that that hole leads to the

underwothd and they are awakening
the spirits 1o hear their prayers.
I|“|I'.: _-I_'|:||rI|| e the |_-1'||:--|_-'- l'|,'-_|7'-.|-|-|

the altar | saw them pause, bat oanly
when they had turned facing me |
reahzed the hormor.  Ewvery other
man had & squirming live Tattle
spalie in His mouth! The snikes
were curling: themselves into ull knds

of horrible shapes, and thewr evil heads
went (irting this way and that

[ saw one rattler strike a man  just
untder the car. He had to pull it loose,
but took a fresh hold of the snoke nearer
its head and seemed none the worse
For 1

Now I saw the reason for the seconi
priests with the feather wands. Their
duty was to soothe the snake by stroking
it with the feathers, and to guide the
snake-carrving priest, who often looked
aw if he was in a trance. Onee arcund
the plaza they would dance with their

ENAKE DA

"1 suw ok «f;
hirmsell, and the Bitie bos
husrids, s wel
from petiliig awa

NCE

I"I i i il

Flechert Wadswaiil

i batl snake bigeer than
hadl to hold 51 with both
| as with Fus fo prevenit |f

VINCATIE] wit]

teell

[=de pigpe I33).

ghinstly burden, and then, putting it down
facing one of the four points of the
compass, they wotld leave 1f, go INg o
i3 the altar for a fresh one

Ag soon as the snnke was released, off
it would glide, trving to get to the refuge
af one of the houses. or mto the crowd
which surrounded the plaza like a hiving
wall: but, before it could reach enher,
the priest stationed ot that point would
come beland it and stroke it with a
feathered wand similar to those of the

puiding priests, The snke wonld hiss
and try to coil and strike, but the tck-

ling. of the feathers would make it un-



i (T |l'|= Mre Herlsit Wadewatth

“Every other prest had fns lgnd on 1be 350 didier of the one in feant of Wow amd o the
other hand carried a wand of eagle feathers.  Thest oluty wis b sGoth the siake b stroking
it with feathers, amdd W geogde the soulescrrrviong peiest wlye aippn okl g oF e was m a3
trance,”  The tepee-lko alre and the geent bag which contuine] the snakes are elearly showm
b the ety

EMwisgni Vi Nl Merhert YWl vaorih

vhe olgza, the priest places the sneke on the ground and ) goce to

After dancing ode aromTid : _
the altar for a fresh dne (see page 1371)
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coil ; then, with a long swing of the arm,
the praest would pick it ap with abuoat
ns much noconcery as most people woula
Pk U & rophe.

Two of the Snake priests were little
bioys who were serving their povitiate,
atil who conld not have been mwre Lhan
ehrhit vears old. | saw ome of them
dancmg with a bull sonke igger than
himseft, and the little boy had to hold
it with both hands as well as wath s
tecth o prevent i ITom geliing awi)

The chanting  becime loader and
louder, and on amd on went the priests
until every snake had been danced with

v prroup of Hopt mandens now entered
the plazn.  Theit hatr was done i the
great. wheel-like coils on either side of
Lhett beads, to resembie the sinash Blos-
sonn, and they were dressed 1o’ their very
brightest and best and carmed ceremonial
baskets filled wiath sacred meal. A< they
neared the altar the priests rashed tor
ward and threw all the smakes on the

BRisilhEnt W aales el

“:IIII i & I'I'-

AL AT FITE LU
MITE LEFT HLAXND

--ll.--.lll

A SXNARE PTHIES]T
G ARL ITEED IXN

Flhiata his M Hedbart YWaidswertl

Cine of the four snake- priests who was sla
stioneil to gather up the snakes that bad beemn
danced with (ses page 131}

"|:_|"]'|1'|'.|'||'| 111 &l HTr.‘t! .'~1iI:II:I'IrIII:'I_£: fna=ss it
their feet, and the muidens sprimkled the
hidecus repiiles with the meal

Then, at a signal From the chiel priest,
the Snake priesis bent Jown and each
serzed two Jamd ials of sonkes: and tarmn
g ran with aneredible: swiftness out of
the plaza, some to the north, some sorth
sonte east and west,  We woatched and
siwy them rush over the mesa gand down
it nlmost !u_'rlu_-rn]'iu-rsﬂ..;tr sidles until |IIr.‘I'|
reached the desert. There with a part
g message o their spurit brothers thes
left them at the four points of the com-
pass o go whither they would

Then, mounting the mess once owire.
the priests halted where some hollowed-
out rocks had formed basims and had
caueht  the  minswiter There they
stripped and washed off the ceremornial
pamt. Then, to my dismay, they drank
anmetiing that proved to be a strong
ermietie, and Ior & few nunutes | found

Y
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THE PURIFICATION



TAMING THE WILD PLUEBERRY

it best to look away and think of more
pleasant things. At |ast their purincs-
tion was over and on they came.  Runp-
ning very swiitly, they passed us like a
brown Aash, and then, with a last fare-
well gesture o the now almost-vanished
sy, their kiva swallowed them up and
| realized the dince was over:

1 rode hack toocamp very silent, the
whale thing leaving me rather dazed, it
seemed so weird, %o unrcal ;and yel the
knowledge that the dance was the calmi-
pation of 10 days of fasting and prayer.
and the intense religious attitude of both
priests and people. Impressed me moTe
than T was willing to admit.

[ow was it that the potson of the

ctiakes had no effect on the dancers?

187

[ asked many for the solution of this
problem, and their answers were always
the same, “We don't know ; all we know
is, if any trader or sheep-herder 15 hitten
by a rattler, if we can get them to the
Smake priests they are -always saved
The eure, whether drug, herh, or mean-
tation, is kept secret, and the Snake clan
guarid it as a sacrel trust, never to be
iivulged under any conditions.”

It was with real regret we broke camp
next day. and, as we tode across the
desert, for several hours | kept looking
hack at the mesa amd the little Hop
town, clothed in a dignity of its own,
helding the fuith of its forefathers un-
changed, unmoved by the centuries of
civilization,

TAMING THE WILD BLUEBERRY

By Freprniex V. Covirre

As the resilt of Mr. Covilles ex eriments with blueherries, it i tiry probable
that in a Few years Huehervies ol be cnltreated 1w the Usdted States ag exlen-

sicely and pm}fmhi;r as the cranlerry.

tiribd, puxt o fweré all the cranberrick Hob 200 PEry Many veary oo,
in many paris of the Uwited Stater no

All the blueberries vot used are prciked

dany persohs

o make goad eomes by cultiveting the

cranberry. Last year, for instance, the cranberry crop amounted fo vhowt one
nrillion and o fialf Miighardz, worth three TN doflars. Reaiders of thes .Hiil'gﬂﬂfﬂl"

degiring further mformation on the

cultveratuon

of Uuaberries are veferred to

“E eherintents in fineborry Ciltuwre,” by Frederick 17, Covitle, recently pulished
By tie nited States Depariment of Ayriculture us Bullerin No. 103 of the owrdit

of Plant. [ndustry.

HE “taming of the wild biue

berry™ hus tnvalyed the pursm

of  strange and often dim trail
of soientific search, in the following of
which a curious chapter has heen added
to the ever-increasing Book of Marvels
in which oor knowledge of the founda-
tions of agricalture is recordeil,

The nume Hueherry is applied in New
England to plams of the gemus Poces
wivnt. which have seeds so small as o be
pnnoticealle when the berry i eaten.
while the name huckleberry is usually
restricted by New  Englanders to the
genus (Gaylssacia, in which each seed i3
surronnded by a bony covering like &
minute peach pit, which crackles between
the taﬂﬁa

In the South and West, however, the
same luckleberry is applied with little
diserimmation to the varions wild species
of both  accimium  and  Goylessacia,
about 40 in number. This article deals
principally with the swamygp or highbukh
blueberry, accimum corvbosum, wlhich
commonly grows [tom 4 to 7 feet gh,
and produces berries in abundanee and
of especially good fAavor.

The wild blueberrics are everywhere
utilized for pies and jom and the well-
helowved Wueherry cake amd blueberty
padding.  An aceurate valuation of the
wild blaeberry crop has never been made,
Pt it undeubtedly reaches millions of
dollars anmslly. I Blueberry districts
the yearly shipments from single small
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A CLUSTER OF BLUEBERRY
{ NATURAL JSTEE)

DEOSSOMS

towns often bring ten, or twonty, or ¢ven
thirty thousand dollars, and in Northern
cities, a5 for example Boston, New York,
Detroat, and Chicago, the annial con-
SUMPticn i5 enorimous,

Many attempts have been made to cul-
tivate the blugberry for its fruit; buot,
when given the care, protection, and
nourishment that man has foum! neces-
sary for the ordinary plants of agricul-
ture, the blueberry sickens and dies. The
belief iz prevalent among farmers that
it 18 impossible to transplant the wild
blueberry successfully, And it really is
mpossible if, as usually happens, the
plantmg 15 done in the =oil of a fertile
garden.

What the blocberty demands is acidity.
In & soil so acid that ordinary plants die
of I|'.l-|:ri5-:r1.'| and starvation, the blueberry
thrives, luxuriating in fower and foliage
and fruit. That o plant should grow
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better in an acid soil than ina fertile one
is contrary to what has been regarded as
cne of the tundamental principles ol
agriculture,

OUrdinary sgricultural  plants absorh
thetr nitrogen from the soil in the form
of nitrates. From the cumulative re-
seiarches of a group of scientists who
have: exhaustively studied the question
for a generntion, 1t has been established
that the production of nitrates in the
sail 1s brought about by certain micro-
orginisms koown as nitrifving bacteria;
angd, furthermore, that the ability of
these bucterin to manufacture nitrates is
destroved by aculity. Growing as it does
tn anaeid soil, the blueberry is therefore
squarely up agninst the questicm how it
shall get itz nitrogen. To the individuals
of the plant world the nitrogen problem
brings abiout the same tragic situations os
dees the bread problem 1o the human race.

FLANTS THAT TRADI INSECTYE FOR P

(e proup of acd-sell dentzens, the
insectivorons plants, has solved the m-
trogren question in 3 singularly  direct
way, Thev entrap insects and  digest
and absorb their nutritve pare.  Of
such habats among our native plants are
the sundews (Drogera), the pricher
plants  (Serracenial, the blidderworts
( Utrrcwlorig ), the butterworts { Pingru-
¢l ), and the Veous' flytrap (Monaca).

Another method of gettimp mtrogen
i acid soils 1s represented by the Euro-
pean lupin, These plants have en their
rocits fiving tubercles within which grow
certain bacterin. It has been found to
be the function of these bacterin to take
the nitrogen of the atmosphere and con-
vert it into some chemical combination
in which the lupin plant can use it. The
very similar tubercle bacteria of the
roots OF clover and other cultivated lepu-
minons plants have been much studied in
the last 30 vears, and the fact of the
fixation of atmospheric nitragen by them
has been fully established and is every-
where recoymized in agricultural prac-
tice. The blueberty gets its nitrogen by
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A& THHEE-YEAR-OLD DLOEBERRY PLANT 1IN DLUOOM

neither ingect trap nor root hacteria
The microscopical examination of the
plant, however, disclosed the presence of
a fungus gprowing partly outside and
partly inside the epidermal cells of the

root, ‘The fungus 15 exceedingly minute,
the threads of which it is composed hay-
e a dinmeter of 0.00000 Lo 0.00012 of
an inch. The fungus occurs in great
abondance on the roots of vigoroos
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plunts, The cells in which it 15 [ound
are not swollen nwor distorted, nor do
their contents collapse or show any ol
the other effects usually produced by
mjurious fungl.  There 15 oo indication
that the fungus i5 i any wiy abnoxious
ty the plant.  On the contrary, the dni-
formity with which it has been found 10
ocenr on Healthy plants amd its frequent
absence or scarcity on sickly plants are
at once spggestive of a mutually bene-
ficial relationsbap.

It is well koown that fongi differ
from the higher plants in bemg able to
tuke their required nitrogen  directly
from orfganic mitrogen compounds. They
ilo not require that the nitrogen they
consume sHall be in the form of nitrates.
Fungi are particularly abundant 1 the
decaying vegetuble matter forming the
feaf litter of o forest, though thic litter
muy be distinctly acid in its chemical
reaction.  lodeed, they grow luxuriantly
on vegetable remains containing no me-
trates amd of such acadity that the con-
version of homus nitrogen into mitrites
by means of bacteria cannot take ;.I].*u.':t_

As o reasonable explanation of the

henomena presented in the peculiar life
Eismr}' of the blueherry, the conclusion
has been reached that the root fungus
cximcts nitrogenous food from the non
nitrified acid organic matter with which
it comes 0 contae! and changes 1t o
some chermical form o which the bloe-
berry plant can make use of 1t. Such a
transformation s analogous to that al-
ready well known to occur in the root
tubercles of legumimous plants. It s
quite within the range of possibility that
miveorhizas, as these strugtures are called,
conststing of a root anid its svmbictic
fungus, will wltimately be proved 1o
have a very high place in agricultare as
mittogen puevevors, second only -
portance to these same leguminous tuber-

cles.

RLUEBEREIES TITRIVE ONLY TN VERY ACID
SOHLL

The writer's experiments with bloe-
herrles, which extended over a perod
of four vears, covered o great diversiny
of soil mixtures. nutrient solutions, meth-
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uds of potting, amount of shade, and
day and mght wempermtores,  Gliss pots
were mitch uvsed, to facihitate the stady
af the roots. A hole was bored o the
bottorm o give the necessary dramuge,
and the glass was darkened by a remov-
able tﬂﬂg of opague gray blollisg paper
The use of thesc glass pots resulted in
an inthmate knowledype of the behavior
of blucberry rvoots under different soil
conditions, which oottld not have been
secured in any other way and which
was esspntml to the oorrect interpretn-
tion of the experiments,

In a rich garden soil in which alfalia
seeddlings and rosc-cuttings grew laxuri-
antly the blueberry plints stagnated, bat
in an acid soil the blueberries became
large and vigorous, while roses and al-
falfa starved amd died, Alfalfa 15 ex-
ceedingly sensitive to acidity and cannot
be grown with success in sols that have
not a somewhat alkaline reaction, When

wi i the homid easterm  United
“tates, alfalfn 15 rarely successful, ex-
n-_{:t on calcarecns sotls, unless the natn-
ritl acidity of the spil has been neotral-
ized by suitable applications of hme.

Heavy nanuring, also, 8 injorons 1o
the blueberry,  Six blueherry seedlings
were transplanted into glass pots in a
pocd Llueberry suil, and six more saeid-
lings were potted in the same manner,
except that 1o eath two parts of blue-
berry soil one part of well-rotied cow
manure was odded. At first the manured
pliants appeared, superficially, to be doing
better than those not manured, for in the
former the production of new leaves and
the continued growth of the “tem were
not interrupted by the potting, while o
the plants pnot manured there was a teme
porary bt definite stoppage of stem
rowth immediately after the potting
Fhe apparent saperiority of growth in
the manured plants, sbhove grommd, con-
tinued for aboot three weeks: DBelow
priund, however. the roots pf the two
coltures showed divectly opposite resulis,
In'the plants withoot mantre, new root

rowth began a few days after potting.
At the end of three weeks the develop-
ment of an extensive root systetn was
well under way and the plants were
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ready for a period of vigorous stem growtin  In the manured
plants, however, either no new root growth took place or only
a stight amount.  The old rootlets turned brown and appenred
to be dead or dying. A the end of five weeks the growth of
the tops was very slow.  About ten days afterward., o a
bright, warm day, the lower leaves on three plants withered,
arid within a few weeks all six of the mamured plants were
chesiel

Exeept in aciid suils the routs of the blueberry are subject
to decay, their whole action tndicating that the rorting 15 caised
ar aided by mjurious bactena and fung,  In goml blueberty
sails, however, these organisms are apparently killed or held
in check by the acids that exist mlIIleflf in such soils.

EXTERIMENTS WITH LIiME

Although the application of lime to ardinury sgriciltural
grips has usually a matkedl beneficial influence, the thorough
limng of a good blueberry soil was found th hive o very in-
jurioies effect an blueberry plants, sinilar to leavy manuring. .
Tn the conrse of these experiments with lime 2 remarkable
Whenomenon was produeed. which, though having 1o THATN
}an hearing. vn blueberry ctitture, is of very great sigmificance !
to pgriculture in general.

From some imperfect early expermments with Hime the writer
had erroneonsty concluded that the hlucherry was so exceed- |
ingly sensitive to lime that the shightest admixture of it in the
sonl would be immediately fatal to a blueberry plant.  Later i
experiments showed that lime was njnrions to the hlucherey
only whien in sufficient amount to pewtralize the acility of the
siil, ome per cent wsnally being alequate. Dot biefore these
fater experiments had been mude, anid while still laboring nnder
an erroneous conception of the stipersensitivencss of the bine-
berry plant to lime, the writer, desinng
ty produce fresh examples of this phe-
pomenon, placed a very small (uantity—
a few milligrams—of air-slaked hme on
the surface of the soil n @ich of three
z-inch pols ¢containing a amall blueberry
plant,  Noeffect was produced, either at
first or for several wecks,

A large surface applicatiom of carbon-
ate of Jime was then made to the same
three plants, a gram to each pot, and the
e was washed dowy with water. The
expecied. collapse Jdid not oceur, The
litned planis continied 10 prow as laxo-
riantly as their unlimed neighbors, “The
conclision was réached that the reason
whiv the growth of the plants liad not 3‘-,_,___._,:"" WP
been affected i'l-';l:‘-htf".d.ﬂtﬁl: the lime had Nt
not penctrated sufficiently into the scil. By g eeailling. i i e .
Ancther anil more ':Tf;ﬁtm experiment H,l'lr{'l:?': ziil fE'lnlrr-r [n-:?r r:.::l-'m'.l: TL:I:IF}H:I‘F
Wils TJ.'IE‘I'EEDI‘I: r'Iﬂlut'rn'rm:-ti n=om. bl nataral 4iee.) vafural ssee)




15 5.

FHERKY

The i



TAMING THE 'WILD BLUEBERKY 4

Six seedling blueberry plants in g-inch
pots comtiwiming 4 good acud Dblueberry
soil were set apart from théir fellows
and watered exclusively with ordinary
inmeewater.  The applications were of
such an amount that the soil m the pot
was: thoroughly wetted each time, and
usnally 8 small  excess  quanbity rn
through the hole in the bottom of the
pat.
For more than =even months these
pots received 1 other water than lirme-
water. During this peruu] the plants
continued to grow in a pormal manner,
their average height inereasing from 434
to 14 mches, The lime appeared to have
no deterrent effeet whatever on  the
prowth of the plants. An analysis of
the =01l in one of the pots showed that
it eontainied over 8 per cent of lime, or
the equivalent of an application of 28
tons per acre, an enormously excessive
amount from the standpoint of agricul-
bl wesape,

The blueberry plants ought to have
been dead long before. A8 n matter of
fact they were making excellent growth.
A careful examination of the contents
of one of the pots was then made, The
sitrface of the soil was found to be
covercd with 4 hard griy crast of Hme,
Immedintely underneath for a depth ot
abiout hatf an ineh the soil was black and
contaitied no live Woeherry roots, Be-
neath this the peaty snil was dark brown
and’ filled with growing, heaithy roots
The hme appeired to have penctrated
only into the superficial portions of the
safl, A chemical test comfrmed  this,
showing that the black, raless upper
lnyer was densely imipregnated with lime,
while the brown, peaty portion contain-
ing the growing roots still gave the acil

renction thot was chiaracteristic of the

whole potful of soil before the [nne-
wiater appheations began,

Simce all the water that the limeless,
root-hearing  portion of the =il had
received  during  the preceding  séven
months had come from the lime-water
applications, 1t was evident that the hme
contained in the lime-water had been
deposited In the upper half inch of the

sail.  The following laboratory experi-
ment confirmed this: A 2-inch glass pot
wis filled to the depth of three-fourths
of aninch with the acid uplasmd peat used
in growing. hlueberries, The peat was
slightly moist woid of ratier ine fexture,
naving been rubbed through an eighth-
inch sieve. Then ordipary lime-water
reddened by the addidion of phenol-
phthalein—a substance myving & delicate
culor test for alkalies such as hme—was
poured wpon the soil.  The excess water
that filtered throwgh the sml and came
out of the hole i the bottom ot the pot
was wholly devoid of red eolor and.
when submitted to a further c¢hemical
test, showed not a trace of lime. The
precipitation of the lime by the soil had
been not only compléte but practically
instantaneous. Omly 15 seconds  had
elapsed between the time when the lime-
witter wae added to the =oil and the time
when the liguid, entirely free from hme,
began to deop from the pot

his experiment has 4 very important
benring on the method of applymg lime
to ocid soils in ordinary agricultural
practice. A surince application of lime
would have no H{.Il'!t‘{fﬂiﬂh:lt' effect in neu-
tralizing the acidity of a soll vnless the
eoil were o sandy, or gravelly, or other-
wise open that the rain-water contain-
ing the dissolved hme could run down
through it practically without obstrue-
tion. A suripce dressing of e would
have little effect in neutralizmg the acii-
ity of an old meadow or ture. To
sccure full action of the lime, as now
generilly recogmized in the hest agricnl-
tural practice, requires its intimoate mix-
g with the soil, such as is aceomplished
by thoropgh harrowing, especially after
putting the lime beneath the surface with
a drill,

WHERE TO LOOK Fok NLUEHERHIES

The favorite type of acid soil for the
swamp bBlucberry i5 peat. The peat
chiglly used in the experiments was not,
however, 4 bog peat, but an upland peat
formed of a half decomposed mass of
mixed lenves of sak and laurel [ Kaloiag
fnfifolia). This accumulates for vears
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in thickets of laurel, if fire 15 kept out,
miaking a laver often 2 w6 ihches i
thickness, the lower porticns matted 1o
gether by the fine, mterlpang surface
roots of the cak trees and laurel bushes.

When the lenves of trees are piled
together el left o rot they gradually
chonge, i from two o hive years, from
their mmbial state of pronounced. scidity
and birown color to a black, mellow, non-
acid mmedd o owhich all tewees of lead
structure have disappeared,  Throngh o
similar but more rapid priocess of e
composition pass the fallen leaves of a
forest when underlain by a a1l which is
rich in hme or e any other reason has
an alkalime reaction.  Such d black mold
ovcurs 1 the nch woods i which tril-
lumy spring beauty, bloomd-root, and ery-
throniom delighit to grow, This suil s
non-acid amd terpie, and ordinary agri-
eultural plants grow luxuriantly in it

When, however, a forest s urilerlain
by a sandy or granitic sodl, o which
there i= ot sufficient lime or equivalent
substance o nhemtrolize  promptly  the
aciihity of the decaving leayes, the nor-
il progress. of  decomposition  laps;
vpparently the muero-organizma which
cause the rodting of the leaves are not
able to do their work a0 efficlently while
the leaves rooain aond, and when the
next year's leaf-fall oceurs they are del-
uged with new leachings of acidity. A
wrmanently acul condition of the leaf
itter i thes éstablished, such as prevails
- varions tvpes of forest.  Such acid
laneds bove o flora of therr own—such
plants as tratling arbutus, lnurel, the
nzileas, winterpreen, Lilpebermies, huckle-
bermies, the pumple lndy's slipper, and
many uthers

Thus it is that the swamp hlueberry
cccurs ot only on sphagnom-cushioned
hummocks of peat in hogs, but on sandy
uplands ' upland leaf peat.  When
foundl i such places the plant eommonly
besrs another name—the highbush blue-
berry. The essentinl feature of similarity
m the two sitwations s their acidity and
wherever the plant goes it follows an
acil soal.

The geommphic distrbotion of bloe-
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berries, huckleberries; and their relutives
indicates. their adherence to naturally
geid zoils.  They oceur i abundanee
from  Maine to Flotida i the sandy
eoastal plain, the prevailingly acid char-
acter of which is #ow well known
through the conclusive experiments of
Dr. H. J, Wheeler, of the Bhode Istand
Agricultural Experiment Station.  They
ocenr genernlly through the cool, harmd
hill-lands of New Englaml, the acidity
oF which &= notorions.  They ocear in
sandy pime Dbarrems and  peat  hogs
thronghout the eastern United Stares,
bioth of which are acid.  They are ab-
sent, on the contrary, from limestone
sotls, rich bottom lnnds, and meh woocds
where (he soils ore nemral or alkalbine.
In the lower elevations of the whole sub-
arid West, where acid =ale are almoo
unknown, these plants do not  ocewr.
Within reuch of the fops and heavy rain-
fall of the Macific epast, or on the higher
mountains of the imteror, where condi-
tons favor the deyelopment of acid soils,
blucherties occor again in characteristic
abundance,

CULTIVATING NLUEREKKIES I8 EVIDENTLY
VERY FHOFITARLE

The experiments an field eulture, as
distinguished from the experiments with
i}l.-l’rl:rl plants, have been in progress for
it i short time, and only aiter the lapse
of several years can defimite statistics of
vield, cost, aml profits be given. The
prelicninary ammobtncement of these ex-
periments, however, hias Dbrought omt
ane very interesting: bit of information,
namtely, that a s-icre bog near Elkhart,
indiana, set with wild blaeberry bitshes
about 20 yeirs ago has for miuny vears
produced large crops of berries, the ares
vieldmg . some years o clear profit of
wore than- 5100 an avre.  The berries
are sold at 15 to 15 ¢ents a goart, and 5
cents & quart is padil for picking

This 15 the onlv instance known 1o the
wnter in which the enltivation of the
blucherry has heretofore been attempted
aboan aereage svale. Without further
experienve il ts mmpassible to say whetler
this yield 15 larger or smaller than may
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reasomably be expected of a bloeberry
nrex under good munagement, It s of
some stonificance, however, that aceorid-
g tn the reported yvield the boshes an
the Elkhart bog, wloch are set & by O
=.I|'|_ ALl L Wil ||I.'.'i1[ 1'|.- ]H:t']'j.li.-]
each 1 a good year. winle i alimost any
vood biueberry pasture in New Fnghomd
exceptional wild bushes mav be foamd
that prowduce Irom 4 to O quarts of ber-
ries cach., It 15 to the selection and
propagaton ot socli productive plants
with large, attractive, and fne-finvored
berries that experiméntal eulture should
l:.l"-u'l'|l,' 1!:14_'” '-Ir]H' |_I‘.l~1:':IL':'-|.I::il'lrl Il!- 1II!'-:.II|_"=
wilh berries over half an anch in choe-
ter 1% already actmtlly 1n progress.

The only frort the eoltore of
bears aty resemblance to that of the
lacherry is the cranberiyv. The Ltwo
plants are closcly related botanically ;

which
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they both require an acud sml, and thes
both have o mycorhizal fungus on ther
roots, essentinl apparenily o ther sue
cessfil cultore.  Cranberry-growing 18
a highly spedalized] and profitable in
hastry, the development of which has
regiired nearly @ ventury of expernimen
tation. Ut s anly withm the list few
vears that any really =cientific attention
has been paud to cranberry calture, the
develapment of the mdustry havinge been
apecomplished by commeroal  growers
Progress in learning to handle the plant
hiae therefore been slow and costly, bt
miphly practical, and eranberry colinre
Mas much of expertetice o offer, by wiy
af speecstion, to blucherty culture,

In preparing @ bop. for cranberry-
growing the water level 13 lowered at
least a foot below the surfpce i ditch
g then a few inches of the top soil
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are removed by & process Known as
“turfing,” which carmies away all the
native vegetntion, ami the: mF.mi peai 18
stoothed amd covered with a few mches
of clearn sand. In tlns the déranberry
plants are sot. The provision of ponds
ar reseryolrs o permit the rapid foodmg
of the bog completes the initml eguip-
ment.  Such treatmwent of lamd 15 ex-
pensive when well done, costing perhaps
Sy00an acre.  Dut a firstclass cranberry
bog in full bearing is often vajued at
1,000 An acre, and cach acre mway e
u::p-:m:d to prodice a gross revenue of
FIO0 per year, sometimes twice that
oL,

A bog thus prepared promises to bean
wdeal situatpn for the swamp hlueberTy.
Whether the profits would warrant the
expenditure of = much montey remains
to be seen; but the expense may be re-
diced to 3 mammum by cutting out the
tarfing, sanding, and reservoir bailiding,
the b ueherr_li. plants being merely set n
holes dug in the bog, after drainage, at
intervals of about 8§ Teer each way.

Another sort of ﬂittmi'inn thitt gives
experimental profmise 1= a sundy, well-
drained, but permanently moist ur.uhmd
possessing 4 distinctly acid soil.  The
plants should be set in trenches or sépa-
rate holes filled u'ﬂh peat 1o the depth
of about a fot. Tl surface should be
well minlehed with leaves or ¢lean sand,
and o deep mulch of leaves; preferably
cak, should be addeld each vear. The
excavations shonld provide ample space
for new growth of the mots, not less
than a foot each way from the surface
of the old root-Tall.

The peat used mayv he taken from the
surface of a boy comtaining plants ‘of
the heathor or biuchersy  famitly, or it
may be an upland peat, such as that de-
seribed un page (44 Lo either case it
should be gathered, piled, and rotted for
several months before nsing.

The s0i] m which the holes or trenches
are made: should be such as: will give
good desiinage, the ideal condition of the
peat about the mats of the plant dourning
the growing season being one of con-
tinged moisture, bot with all the free
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water danting Away readily so  that
thorough weration of the mass of peat
is assured.

To secure a stock of blueberry plants,
the simplest method is to transplant wild
bushes in early spring, before: the bods
huve begun to pusl.  The roots usually
be within the upper O inches of the sl
A disk of this root and soil mat as large
as practicable should be taken up with
the bush.

If the experimenter has a greenhouse
at his cispasil he van raise seedlings,
which will be ready for field-planting in
the spring of their second year.

Seedling bushes are unsatisfactory i
one respect.  They are not_exactly like
the parent. The secllings from a J'lrnrge—
herried bush do not all bear large berres,
Selected formis of special merit have
been propagated by budding and by
grafting, just as our highly developed
varicties of apples are perpetanted: but
in the blueberry the swock 18 continually
sending up new shoots Troen points Lelow
the graft. Az blacherry enlture dev elops
it will undoubtedly become the practies
lo projegate the best varieties by laver-
ing or by cottings, as has already been
donie, Tor lr;r these methods the whole
plant body, including the roots, s of the
varioty desired, and ahen shoots can
never be prodoced,

NLUEBEREY BUBIES AMANY VEARS

As to the time required for a hlue-
berry seedling or cuthing o coine into
pmﬁtahle bearing, experienve cunnot yet
give o definite answer.  They should

LIVY

bezar a few bertics the seeonmd and thind

years. It 15 believed they will bear
profitaiile erops, under proper calture, in
5 to 10 years, They ought to remain in
bearing for a long time. In some -
stances wild bhushes undoubtedly live, in
favorable situations, for 50 o 100 years.
They are cnabled to reach such an
age bW continml rejuvenescence through
their habit of SE!]-['H];.{ W new stems
from the oot 1o replive old and dying
onegs.  Those who are curiogas to know
how large an old bloeberry bush may
become should read Thoreau's descrip-



TAMING THE WILD BLUEBERRY

tion of one in his Winter Journal, under
date of December 24, (8594

One mteresting feature of blucherry
culture 15 the chenpness of the lands on
which they thnive best. Bog lands and

sandy lands well suited 16 the blueberry
can ba bought n many parts of New
England for $1 to $5 an acre, and this

* December 24, 1850, . . T memsure the
blnoberry buzh on Folrhavon Pomd  Dslaod.

The five steipe are umited at the geouml, a0 a4
o make one ropnd and solid trunk thirty-ane
tnched in circomierenee, bt probiably they have
growitl bogelther there, T they hecome s&parale
at aboot six foches dlwwe;  They may bave
sprung from different seeds of one berry. At
three feer from il ground they measure
elovien, eleven, oleven apd one-Half, eight, and
six aml one-hall or on jAn averidge nime and
ane-tmll Tnches, [ elimbied np ark] foum] a
comifortalile seat, with my feet four feet from
the gramid. There wils rooin for threee or finr
mare there, Init onfortunately this was ot thi
segion for bermes.  There were soveral aher
climips - of Ihirge ones in the neighborbodd
chimep elose by the Tormer cotitained
twenty-three stems withain a diameter of three
feer anmd their averuge diimeter ot three feet
froun the gromul was about two inches,  Thess
had not 1 cut hecasse they siood on this
srnall Bsland which has little wood heslde, and
therefore had grown thus lange, :

The stems rmize up in a winding snd =igeag
fAnner, one somelinnes resting in the forks of
its neighbor. d]trdu-l-un fromt those whose rinigs
I have counted, the largest of those stemme mitst
be abopt sixty yvears oll—Busszr, H G 0,
teditar). Winter ; Feom the Jinirnal of Henry
D, Thoream ©6-17. BES
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becanse the very reasom that makes them

for blucbermes—their acidity—has
made them almost worthless tor orde
nary agricultural purposes.

Some resder will ask, “Do you advise
me o go into blucberry culture® MMy
reply 18, the industry is so new and 30
miiny unforeseen Jifficulties are bound to
arise that, until the Jetdils of sucressiul
feld manogement have been worked out,
blueberry-growing is oot recommended
as an imdustry o any one who cannot
afford to Jose luah the tipe and the
money he may pait anto 1. On the other
hand, if one does soeceed in carrving the
thing through successfully, he may ex
pect goodd returns from os venture, for
the Elkhart farmer, while apologizing
for his poor blueherry crop of 1910,
which was “wlmost 4 total falure” on
account of the late spring freczes, suvs
nevertheless ihnr he got 05  16-aquar
crites of Dberries, which he sold at an
average prce of §2.75 a crate—an item
of 817875 from an otherwise useless
s-acre bog.

I remarked to a friend that blueberry
culture promused to bhe comparable in
many respects with cranberry culture,
He quite outran the tdeéa that was in my
mand by replying, “Why; it has the cran-
berry beaten. You ean’t use cranberries
without buying a' torkey to eat with
them."




THE PANAMA CANAL"

By Coroner George W. GoeTnals, Caier ENGINEER OF THE
Panama CANAL

disposal to enter upon a description
of the explorations and Investiga-
tions which were muade of various routes
proposed for a canal joining the two
oceans, nor cin an account be taken of
the considerations which resulted in the
United States finally adopting the Pan-
pma route,  Suaffice it o sy that ander
the Spooner Act, approved [one 28,
g0z, the Prestdent of the Ulnited States
secmited the necessary concession from
the Republic of Panama, purchased ihe
rights and property of the New French
Catal Company, amd wndertook the con-
strpction of the canal on May 4, 1oy
The lsthmus of Panama rems nearly
eist and west, aml the canal traverses it
i Colon on the north to Panoma on
the south, i1 a genernl direction from
ntrtlhwest w southeast, the Paeific termi-
nus being 22 wiles east of the Atlantic
etitTance.

IT is rot possible m the tme at oue

TURREXTIAL FLOGDS OF THE CHAGITES
MIVEHR

The greatest diffidlty of the Panama
rotite 1% the contmnl or disposition of the
Chagresd River and its tnbutiries,  The
Chagres River rises m the San Hlas
Mountwins and drain= 2 basin of 1,320
sevptre mdles, about halt of which s
abirve the mouth of the lhspo River.
Its coorse 15 generilly parallel to the
Caribbean coast line so far as the mouth
of the COhispo, where it turns almost at
rght sngles o the westwind, pursuing
this general course to Tabernilla, whence
It traverses-a torfuons chamnel in 3 gen-
erial northwedterly direction and enters
the Cariblesin ' Sea (o the west of Limon
By,

The general elevation of the valley is
bist hittle aliowve sea-level 1o Bohio, whére
the low-water surface of the Chogres 1s
one foot above mean tide. At the mouth

of the Obispo, 13 miles from Bohio, the
Iovw-water surface is 48 feet above, and
at Alhaela, 11 miles farther, it 15 95
feet ohove the same datum. Abowe Hio-
hio the Chagres Valley is undulating, the
hills becoming ligher il steeper as the
river is ascended, capsing very rapid
run-off of the mams, wmounting tw 100
tnches and over in eight or pige months,
(he average duration of the wet season.
The maxmmmm  observed  wamfall s
.80 mches in one hour; the greatest
recorded change o the nver at Lamiboa
i5 a4 rite of 250 fedl i 2g hours, s
discharge at the beginnmg of the rise
was 5,200 cubic feet per secomd, noreas-
mg 10 guooo gubie feet per seconid at the
peak of the Dood.  The excessive raim-
fall amd precipitoms character of the alls
enclosing the valley make s torrential
streame. The bars formed doring Qicds
differ materially, and are of sand, gravel,
pehbles, and rotnded stones three inches
to =% inches o dinmeter.  The sand and
clay deposits are useful in giving suitable
material for the impervious portion of
the dams, while the gravel beds Tucnish
billast for the rallroad and for other
]'.l'l,'l S
he Chagres River has 2 tribuiories
between Bas Chhispa and  Caton,  the
largest of which are the Gatun and Trini-
dad rivers, the former entering from the:
cast with a drainage bhasin of abour 160
square miles, and the latter from the
west, draming an aren of about 300
cquaare tiiles.  llach rises o in the same
chiracter of country as the Chagres, und
though with smaller drainage areas, they
are of the same torvential charmeter unid
must be reckoned with in the general
question of the control of the Chagres
and s tributaries
Varous methods for the dizposition
or control of the Chagres have received
consicleration,  The first French com-

= An whirezs to the Nptioval Geograplic Sodety, Febroary 1o, 1011,



THE PANAMA CANAL

pany, tn its attempit to cut a sea-level
canal, found 1t necessary to provide di-
versicn. channels 1o care for the water
of the rivers, The New Punarm Canil
Company adopted the plap of a dam
acress the river viliey at Boluo, creating
a lnke above this point and dischargmg
the tlood waters 1o the level below by
means of a spillwiy in the adjacent hills,
The canal which the President was an-
thorized to construct by the provisions
of the Spooner Act was the lock type
recommended by the first [sthmian Conal
Commission in its meport submitted Xo-
vember 16, too1,  Thas plan also pro-
vided a lake for controlling the Chagres
by a dam at Bohw, following along the
plans of the New Panama Canal Com-
panv, thereby utihinng to the fullest
extent the work already accomplished.

Early in the progress of the work the
conatruction of a zea-level cannl was ngi-
tated | this is undoobtedly the idenl canal,
It took such a hold on the publie mind
that, in consideration of the international
mportance of the work, the Presudent
conivened & Boarid of Consulting Engi-
neers o cunsider and report wpon the
type of canal which sh-'.luld be adopted,
This Board consisted of 13 members—
five representatives of DFaropean cout-
iries and etght Amertcans—and assem-
bled m Washimgton in June, 1505 The
minoriy of this Board —fve in number—
reported i favor of the lock type for
the reasons that such a canal would pro-
vide greater safety for ships and less
danger of interruption to trathe by rea-
son of its ‘wicler, strighter, and decper
channels;, as well as guicker passage {or
large ships; the other considerations
were that such a cunal could be built in
less time and for less money,

[n forwarding the report of this Board
w Congress, aon Febroary o, 1000, the
President stated: “The law now on our
statute books seems o contemplaie a
lock canal. T mv judegment a lock canal
as herein recommended 18 advisahle.”
Un |ane 20, 1900, the Congress anthor-
iznd the construction of the lock type of
capal, in accordance with the general
plans of the munority of the Doard, and
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the work has since been carried on along
these lines.

This conclitsion was not generally nc-
cepted - as csatisfactory; the plan was
again vigarposiy attacked after the set-
tlement and ship-in a part of one of the
toes of the Gatun Dam 1 the latter
part: of o8, and the “Battle of the
Levels” continued well into 1909, not-
withstnnding the fact that the then
PMresident-elect, with & party. of eminent
engineers, aiter & persotial mspection of
the work advocuted no change.

WISDOM OF CHOICE OF LK K CANAL
GENERALLY ACESNOWILEINED

s ONAY

snce then, as the work has advanced,
the wisdom of the choice 13 elearly
shown and there is no doult as 1o the
ultimate suceess of the project.  Devel-
apments witluin the last vear tin the form
of slides have brought more prominently
to the iront the excellence of the judg-
ment which accepted the minority plan
tn Iiety of the sea-fevel plan as advocaterd
by the majority, and show more clearly

the greater difficulties that wounld be en-
cotimtered in an attempl fo constroet a
soil-leyel canpal.

An English scientist, who has kept in
close tonch with the work since thie
Americans took charge, ‘amd who at frst
wats skeptital as to the Uatun Dam, saud,
after a recent visit, that he was vom-
verted to the present plan bhecause it i
nit a dam at all that 1« building, buot a
veritable hill, He alsa thought that the
cxpresserd] opmion of the Board of Con-
sulting Enganeers with reference to the
Gatun Dos, namely, “that o such vast
and doubtful experiment shonld he in-
dulged in,”" was now applicable to Cule-
bra Cyt. There are probably sotne who
=till believe a wrone choiee was made:
buit a visit to the Isthmus is a sire cure
I:IZIE" rL'I.IE'['I CHSTSE 1jr|'|1'fr|!'|| h]‘LLTj:Il.';.' Th[l.t
T.F'IE":.' are open o convicton,

In the present plan the eomtral of the

Chapres is alen effected na lake. b

greater m ooxtent. beeance {hr_r dam s [

cated at Gatun instead of Bohia, This
solution was first proposed by Godin de
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THE PANAMA CANAL

Lépinay, & French enginger, who, i an
exhaustive paper on the subject, pre
pared for the Congress uoi Enginecrs in
Paris . 1879, advocated the construc-
tiom of @ Jock canal with a dam at Gatun
in lien of 4 swea-level canal, The reasons
which e advaneed at that Hme were o
the effecr that such a canal conld be
built for less money, in less fime, amd
with' less sacrifice of life.

THE I"RINTIPAL FEATURES (F THE CANAL

The canal which & now Building con-
sats of & sea-level entrance  channel
From the sea through Lunon bHay to
Gatun, abont seven mtes long, 500 fect
bottom width, amd 41 feet deep at mean
tide. At Gatun the Bs-foot lake level is
phtained by a dam across the valley.
The lake is confined on the Pacihe side
by a dam between the hills at Pedro
Miguel, 32 miles away, The lake thus
formed will have an area of 164 <quare
miles and a channel depth of not Jess
than 45 feet at normal stage.

At Gatun ships will pass fmom the sea
to the lake level, and wice versa, by three
locks in flight. On the Pacfic side thers
will ‘he one lift of 30 feet at Pedro
Miguel to a small lake held at 55 feet
ghove sea level by dams at Miraflores,
whete two lifts overcome the difference
of level to the sea. The channel hetween
the Tocks on the Pacific sile will he 500
feet wide at the bottom and g5 feet deep
anil below the Miraflores locks the sea-
level section, abomt eight mileés in length,
will be so0 feet wide at the hottom and
45 feet deep at mean tide, Through the
luke the Bottor widdths are not less than
1000 feet for aboat 6 miles, Boo feet
fiwr shout four miles, so0 feet for about
three miles, and through the continental
divide, from PBas Ohispo to Pedro
Miguel, a distance of about nine miles,
the bottom width is 300 feet.

The total length of the canal from
deep water in the  Caribbean, _1.}-frm’t
depth at mean tide, to deep water in the
Pucifie, 4s5-foot depth at mean tide, 1s
practically 5o miles. 15 miles of which
are at sei level,  The vamation in tide
ot the Atlantic sde is 2.5 feet as a
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grximum, and on the Pacifie it is 21.1
fect as a maximuti,

Provigions are made 1o amply protect
the entrances of the canal. During the
winter months occasinnil storms occur
on the Atlanue sale, of such violence
that wessels camnop lie with safety m
Colon Harbor, and during the progress
of such storms entrance and egréss from
the canal would be onsafe.  To over-
come this comidition, a breakwater will
extend out about two miled from Toro
Point in & northeasterly direction, which
will mat only protect the entrance, bt
will provide & safe harbor.  Whether
protection on the east side will be nlt-
mately necessury s still an open ijues-
Lion.

The Pacific entrance requires no pro-
tection from’ storms, but the set of the
silt-bearing current from the cast is ot
right angles to the channel and the silt-
ing made constant dredging necessary,
To prevent this shoaling a dike is bemg
constructed from the mambind at Balboa
to Naos Island, n distance of about four
miles ; the benefits derived from it are
alreardy very muarked,

The projected lakes will submerge the
tracks of the Panama Railroad for the
greater part of its length, and as this
road is necessnry for consttiction pur-
poses, and unltimatcly for the operation
angl maintenance of the canal, it 15 being
reconstructed thronghout, with the ex-
ception of a few miles at either end. It
was originally intenided to pass the new
raflmad through Culebra Cot on 2 benm,
1o feet above the water surface. to he
leit for this purpose dunng the excava-
tionn of the channel through the ent, b
the slidles and the absolute necessity for
keeping  open  raileoad  eonmmunicition
hetween the two endds of the line peces-
sitatedd a change m the location, and =
new line to the east of the ent has been
spelecterd.

In order to hold its cancession the
Fretich commpany continped work on the
canal up tn the tme that the United
Stites paumed control, amd after the
transfer of rights and property was for-
mally made the excavation was carried
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THE PANAMA CANAL 1545

svA M IS LARCHERS ON THE CANAI

The popmlarity of the work o the [sthmups has beconie S0 great that it i mo lemger
necessary. for the Canad Commission to being im shiploads of recris from the West Tmlies
nul Europe, Laborees fire so wftracied by the good pay, fmar treatment, and excellent hving
armditinms  that more than 200 came from. Spain and Ttaly during 1910 (Old [nhorers who
bl left the worck poogo to Bragil amd South Ametican comntrics have gl heen returning to
the 1sthmms o larpe numhbers, secking re-employment. There ate at present’ abont 35,000 on

the rolly of the camml worka
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THE FPANAMA CANAL

on by the United States with the varwous
tools and appliances then 1 use.

MAKING THE ISTHMUS HEALTHY

The first two ond a hall years of
American control were given (o propara-
tion,  All energies were devotel during
that time to rid the Tsthmus of disease
by =mitation, to recriiting and organkz-
g & working foree, amd providing for
it suitable houses, hotels, messes, kitch-

ens, and an adeguate food supply; o

assernbling the plaut to do the work: o
mereasing the capacity of the existing
railway svatem, and to establishing a
sy=tem of civil government for the Canal
Zone, which 1= a strip of land 10 miles
witle (fve miles on either side of the
conter of the caral), extending across
the Isthmns,

The work of spnitation mcluded clentr=
g ands; draimmg and filling poola and
swamps for the extermination of the
mogisito, the esmblishment of hospitals
far the care of the sick amd injured, and
the quarantine. In addition, to secure
antl maintain better health conditions,
municipal improvements were  under-
taken m the cities of Panama and Colom,
anil the various settlements along the
line of canal, such as the consruction of
receryvoirs, with miams and ndjuncts, for
furnishing  wholesome and  sofhorent
water, sewerage, pavemeits, and a sys-
teiy of  ronds.

PBuildings to the number of 2,000 were
constructed,  including offive uildings,
hospitals, hotels, messes, kitchens, shaops,
storehinises, and Hving quarters,  Tn ad-

ditiom to this, 1,536 buildings out of a

total of 2,200 huildings tarmed over by
the French were remodeled and repaired
for nee.

Recruiting agencies were established

i the United States, Europe, and the
West Indies

L% [MMENSE DEPANTMENT STORE

Tue Commissary Department of the
Panama Kailrmsad Company was enlarged
unttl it 15 mow a great department store
supplying to the employvees whatever
may be necessary for their comfort and
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converdence.  Manufacturing, cold stor-
age, and latndry plants were established
and turn out each day aboul QO s of
ice, 14000 loaves of bread, 2400 rolls;
250 gallems of icecream, 1,000 pounds
of roasted coffee, snil 7,500 pieces of
kndry. Four to five refrigerator cars,
loaded with meats, vepetnbles, and such
fruits as can be obtaineéd, are sent out
ont the night froght o dhstant points.
amd every morning a supply tram of
about 10 cars. of which number six 10
eight are refrigerator cars, leaves Cris-
tobal at 4.30 to distrilate food-stufis and
laundry to the locul commissaries along
the line, where the employees make their
purchases aml where the hotels, messes,
and kitchens secure their supplics for
the day.

The constroetiun plant, consisting of
steam shovels, Jocomotives, cars, unlond-
et spreaders, track-shifters, ptle-drivers,
cranes, dredpes, steamboats, tugs, and
barges, was purchased for the most part
“knocked down,” amd shops for their
etection ‘and repair were  constructed
andl enlarged, Some of the machinery
was bullt from pars manufactored in
the shops. The distance from the home
market, with attendant vexatious delays
in securing parts dnd material and the
necessity  for keeping the construction
plant in the most ¢ficient condition Tor
econamice] opertion, mude it imperative
that the shops be cquipped to mect every
possible contingency,

The capacity of the Panuma Railroad,
over a large part of which the spail from
Culebra Cot must be handled, was. in-
creased Dby double tracking it through-
aott, except from Cristobal to Gatun and
from ['ltir:hm to Pitraiso,  Yards were
enlarged atl cotmections mude to areas
available for dumping grounds,

Laws were frumed, and el govern-
ment was established with its nécessary
adjunets of eourts, police foree, fire com-
panies, customs and revenoe service
post-offices, public works, and treasuary.

A purchasing department ‘was organ-
frerl in the United States for the obtamn-
ment of supplics of all kinds and de-
scriptions.  Upon arrival on the Isthmus,
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THE PANAMA CANAL

the suppliez are shipped to the various
subdivisions of the canal-work for which
they were purchased, or they are placed
in storehouses along the line {or isse
when required. ' )

It was cnly after these various yet
ECEssHTY adjuncts had Dt ],ln:l'lrld-m]
and the forces for thewr gperabion were
organized that the principal work in
hand—the building of the canal—eould
be pushed forward with any hope of
suceess, and too much pravse cannol be
giver to those who conceived dand estab-
Tzhied them i a working condition.

The Dlepartment of Constroction and
Enginieering is divided into three coo-
struction divistons,  The Atlantc Divis
ton embraces the engineering constric-
tion from deép water in the Carbbean
Sea to include the Gatun locks and dam ;
the: Central Divigion extends from Gatun
to Pedro Migiel, and the Pacific Divis-
on from Pedro Miguel to deep witer in
the Pacific Ucean,

KEEPING YHE FLOOEE OUT OF CULERRA CUT

As already noted, the Americans con-
timped the work i progréss by the
French in the et through the continental
divide, commuonly known as the Culebra
Cut, utilizing the French machinery unil
it comld be replaced by more madern
apphances.  This is the muost formidable
part of the enterprise on aceount of the
magnitude of the cutting, amd also. be-
cance of the difficulties att=nding o, due
to the excessive ramfall and to the vary-
g charicter of the muterials encoun-
tered.

The efficient and economical working
of the plant reguites that provisions be
made for the disposition Gf the large
quantitivs of water that result from the
rainte.  Whatever water 1= oot carried off
by the streams enters the oot cither
throngh direct fall over the excavated
area or Py seepage into it Proper drain-
age of the cut is therefore an ever-exist-
ing problem, and two distinet phases are
presemed, viz:

1. Ta keep cut the water of the sir-
ronnding country. i

2 To rid the excivated area of the
water that collects in it

111

A system of diversion channels aceom-
plishes the first, and gravity drams und
pumps sulve the second. The canal lhine
follows the Obispo River, which drams
the aren from the divide to the Chagres
River. It has four princapml tributaries,
two from the east, the Masamin and the
Sardinilla, and two from the west, the
Mandinga and the Comacho, These are
cared for by two diversion channels.

{Un the east sade of the cut the Obispo
diversion has been constructed zlmost
parallel 1o the canal and carried throwgh
a depression n the hills s as to dis
charge into the Ul about one mile
above the point at which the eanal hne
crosses the river.

To the west of the cut the Comacho
diversion carrics the waters from Cule-
bra to the Chagres River throogh the
el channel of the Ublspo River. Through
2 hill between Haut Obispo and FHas
Obizpo, winch sharply deflects the miver,
the I'rench had built o tonnel for divert-
mg the flood waters; and this forms a
part of the new diversion.

The canal follows the Rio Grande on
the southern slope of the divide, and its
wilters are eared for by a diversion chan-
nel constructed by the French. They
alse constructed a dam aeross the valley,
impounding the waters, and the resulting
reservoir supplies the settlements from
Culebra to and including Panuma.  Dur-
ing the wet seavon the diversion channel
carmies the overflow from the reservoir.

HioW TIHE BHOVELS Wik

The French so planned the excavation
that after the removal of the peak of
the divide and lesser summits they could
work a number of excavators simultane-
ously at several points, 50 that a succes-
sinn of henches resulied, lving one above
the ather, exch with the matpral surface
as the point of beginning. By working
i the direction of the length of the cut,
the fice of the hank gives the longest
cutting possihle, reduoces the number of
times the excavator must be hauled back,
arid secores o satisfactory draioage ar-
rangement, since the cutting is carried
up grade on either side of the stmmat.

The Americans bave followed ths
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same method, the only difference being
in the character of machinery wsed The
width of the channel adopted by the
French was 74 feet ) the present plan is
for a channel feet at the bottam, so
that the first work undertuken by the
Americans was dirccted o securimg the
necessary widthe for the upper reicles
before attemphing any increase in depth,

Whitever witer entered Trom Tamns

and seepage was drained {rom the sum-
mit of the cutting by gravity to the Ko
Grande on the south and wo the Chagres
River on the north,  As shovels in ex-
ess of those required for wideéning be-
camie available, they were put to work to
secure increised depth, ¢are being taken
to maintain, as far as possible, iree,
easy, and rapid drainage. Shoyels are
started at either end and carried towards
cach other, cditing out at a neéw sumumt,
These pioneer shovels on the next lower
eraile make the “pilot cuts,” which con-
stitute the new drains and o which
witer i3 led by laterals from various
arts of the excavated area adjacent.
‘he average grade or slope is abour 30
fect per mile, The loading tracks for
these shovels are on the level ‘above.

When the “pilcl cut”™ has progressed
sufficiently far, its ctt or trench becomes
the loading track for a second shovel,
which iz started to widen cut the cut al-
ready made by the pioneer, and o the
woark moves forward, the shovels ap-
proaching the spmenit from either diree-
tion - echelin,

It 10y the summit of the execavation
was at Gold Hill and ot reference 103
above sen feyel, The summit at present
is between Empire dnd Culebra and is at
reference joB6 above sea level  The
drsiinage 1o the south s still by gravaty,
throueh the old bed of the Rio Gronde
to the west of the Pedro Miguel locks.
It s expected that Lefore the next wet
ceason the center culvert of the locks
will he utilized. |

Cm the north side comdlitions are. now
different.  The reference of the low-
water surface of the Chagres s 43 at
the point of its: intereection with the
center line of the canal. The bottom of

steam shovels, and tearing
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the completed canal 13 at reference 4o0.
A dike separates the cut from the Cha-
gres, but this is overtopped durmg the
high foods, To get nid of the accumu-
fated, Nood water, 24-inch pipeés are laid
through the dike, each with a suitable
valve, and so arranged that all water
above the pipes is carmed into the Cha-
gres by cravity aftér the subsidence of
any Hood.

veourse must be had to pomping
whatever water remaing from the floods
below this level, and =uch as may be col-
leeted by drainage from the south; for
this purpose a sump has been ﬂtl-]:f to ele-
vation 32 and pumps installed) 1t 1= not
possible o estimate the gquantity of water
that will have to he handled, bot three
pumps are in place, each capable of dis-
charging 12000 gallons of watér per
minute.

VERY TROUHLESOME SLIDNS

The greatest difficulty encountered in
the exeavation is doe to slides and
breaks, which canse large masses of ma-
terial o slide or move into the excavated
area, elosing off the drainawe, upsetting
up the tracks.
The term “sHde™ is applied to the moye-
ment of the overlying clay upon smooth,
sloping surfaces of rock or other ma-
tertal harder than the clay.

“Hreaks” veeur at points where the
underlying rock is of poor quality, mter-
seotedd by vertical seams or seams slop-
ing trowird the canmal, aud which is un-
alile to bear up the superimposed mass,
Genveraly, the wpper surface of the
broken poftion of the bank remains a
proximately horizontal, settling nearly
vertically. The welght of the broken por-
thony Forees up and displaces laterally the
material Iving directly below it in the
bottom or on the berms of the canal. Ax
the material thus foreed up i8 tnken
away the upper part graduvally settles
ancd moves toward the axis of the canal
until the entire broken portion is re-
moved.

The greatest slide is at Coearacha, and
gave trouble when the French firse be-
pan cutting, in 188y, and =till continues.
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Though at firét confined to a length of
Boo feet, measuredl along the lime of ex-
cavation, the shde has extended to -
clude the entire basin south of Gold il
or ior o length of about 3,000 feet, The
original slide covered an arén of about
six acres, Lut the latest sarveys show
that s has extended to cover 47 acres.

Wi DANGER FROM SLIDES AFTEH CANAL iS5
COMPLETED

There are all told nine “slides” and
“hreaks” to he reckoned with, and there
is nothing to do bt to remove all the
materinl embeaced within their himits,
As the cut is deepened these may be ag-
gravated or others may develop.  There
= no method known to stop or to pre-
vent them, Usually the first indication
feceived, if there be b forewarning, is the
liftimer ot moving of a shovel and tracks.

The cut has therefore develuped into
the uticertain and experimental feature
of the work and its completion will mark
the date of finishing the canal. No ap-
prehension is felt because of the slides
after the completion of the work, They
develnp as the depth of the cot mereases,
and the banks slide or break becanse of
the condition of unstable  equilibrinm
that resufts from the eotting: when

de is reached equilibrinom will be es-
tahlished, amd the 11-11{:7-: pressure Of the
water will result in greater stability.
Whatever slides occur sphsequently will
he relntively small, and the material can
he easity handleil by steany shovels on
the berms that will be left dmd by
dredges that will be available.

Some idea of the magnitude of the
dlides can he ohtained from the fact that
ditting the fscal year 1900, of 14325870
cubic  vards remmoved, BRygi0  cubi
vards: or f per cent, were from siiles
For tle fwal year 1910, of 14,021,730
cubic vards that were removed. 2.0640.-
oo, or 18 per cent, were from slides or
breake that had previously existed or
that Tad ﬂﬂ'th:-par during the year.

THE MATERIAL 55 ALL ROCK

Except for the slides, which are of
garth. the material to be removed i3
rock, and requires blasting to enable the
shovele to handle it expeditiously. The

spaced from 6 to 10 fect
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largest part of the drilling is done by
churn or well driils, though tripod drills
replace them where the others cannut be
used to advantage. The drills are oper-
ated by campressed air, supplicd by three
compressor plants, which are connected
together hy a 1o-inch pope line about
five mites long, ‘with G-nch dnd 4-inch
leads ronning inte the cul, The drills
operate imn battesies of from 4 to 12 the
holes, from, 15 to 27 feet in depth, are
gpart.

The explosive used is dynamite, 45
per cent to (0 per cent nitro-glycerine.
Excessive moistore @l water in the
holes prevent the use of hlasting powtder.
When the holes in any sectiom are read
fur Dlasting, they are “sprung”—that is,
four to six sticks of dynamite are low-
ercdd to the bottom and  exploded—
therchy furming a chamber for the re-
ception of the ¢harge. The charges vary
from 25 to 200 pounds, depending upon
the local conditions; the tamping fol-
lows, and the explosion is effected by an
electrie eurrent from one of the lighting
plants.

THE EARTH AND RICK FROM THE CULEBREA
CUT ARE SED FOR THE DREAK-
WATERS AND FMBANKMENTS

Throatgh the blasted arca the stoam
shovel cuts ils way, averagmg 34 fect
wide 2t the bottom nnd 30 fect at the
op for the “pilot cots” which are 8 to
13 feet deep. The wideming cuts are
abott 26 feet wile and from 15 10 24
feel devp.

The best results are secured with the
ge-ton shovels, though the gs-ton and
st-fon shevels are also used.  The 95-
tom <hovels have dippers of four and
five witrd capacities, the former remov-
ing rocks econmining as much as six
cubic yards. |

When the rocks aré too large to be
lifted by the shovel, they are “dobie”
blasted, and thus broken tn sipes con-
vemient for the dipper,  This is done by
placing three or more sticks of dynamite
on the rock, covering them with mud
and jeniting by means of a slow mmatch.

The shovels load the material on dirt
trais, oomsisting of 20 flit cars and
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from 23 to 35 steel side dumps to a train.
The available dump growmds in the vi-
cinity oi the cut were utilized to their
fullest capacity by the French and dor-
g the carlier perwds of American con-
trol, so that longer hauls are necessary.

The sew line of the Papama Kailroad,
being above the lake level, requimes mony
heavy embaonkments, which oifer sumtable
places for depositing  materinl.  The
hreaksvater from atboa to Maos 1sland
ofters a dump, though requnring an aver-
age haul of 11 miles,

As difficolty s experienced in extend-
ing this Ureakwater, additional dump
tracks are provided at Dalboa, so-as not
to delay the trains, and land at the inner
enil of the breakwater is being recluinied ;
already 253 acres have been filled in
The interior swamps in the vicimty of
Ancon are aleo to be filled. From 16 to
22 traipns of material are sent daily to
Gatun, an avernge hanl of 25 miles, and
used in bullding up the toes of the dam
or for large rock o plice in the concrete,
The remainder of the excavited maternl
is wasted on extensive dumps at Mita-
flores. A large dump ground at Taber-
nilly was used, but is abandoned for the
presenl

The Lidgerwood flats are dumped ai
Mimflores, Ballwa, and on the relocated
line af the Panama Railmad, where
specin] equapment 13 lu;}pt tor handle thenm,
comsisting of plows, anloaders, spreaders,
and track-shitters: The plow Is attached
to o end of the troin, and the unloader,
consisting of - a  steam-driven «<driam on
which is wound the eable. at the ather
end. To stretch the cable, the tramn
passes hetween two uprights 1o which
the cable is attached temporacily, and by
moving the train the cable s drawn from
the drum to the plow to which the end
of the calile is attached. Winding the
cable on the drum dmws the plow the
length of the train, removing the load,

After the material 15 plowed off, the
spreader  pecforms its  functions, and,
when no longer capable of throwing the
matorial bevomd the edpe of the dump,
the track is shifted by a device patented
by W. (. Bierd, formerly general man-
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aper of the Panama Railroad, which
raises by one maotion the track with the
ties so as to clear the ground, and by
another motion pulls it sidewise. The
usual throw is:two and a hali to thres
feet, thoagh, of the rmls wall permit, the
track can be thrown as much as nine
feet in one throw (see page 179).

The =teel dump-cirs require no special
or extra appliince for their operation,
and can be dumped as easily on curved
as on strght track.  They also dump
t erther side.

Work has been in progress on the Cu-
lebra Cut since 1880, and during the
French control 180640000 cubic yands
were removed,  Hetween Gatun and Bas
Chhispo, the northern end of Culebra
Cut, the French excavation which is use-
iul to the present project amounted to
azor000 cubic vards, or o total in the
Central Iivision of over 20,000,000 cubic
yards, The total estimated amount of
material to be excavated from May 4,
oy, in this diviston was 97125018
calde vards, of which, up to Jantary 1,
1911, 67702855 cubic yards have been
remnoyed, or 605 per cent. It 15 expected
thut all the excavation in the lake section
will be finished by July 1, L

Some iden of the magnitude of the
operitions may be formed from the fact
that this division has within its jurisdie-
tion over 200 miles of s-foot-gmuge track
iid, about 55 miles of which are withm
the side slopes-of the Culebra Cut aliome.

TIHE OREAT DAM AT GATUX I8 A4 YERITADLE
HIIL

An earth dam ncress the Chagres at
CGatun impounds the water aof the river
and creates the Inke which constitutes
the snmmit level, The dam is 7,500 fect
long over #ll, measured alomg the top,
and, according (o the latest profile; it 1s
2,100 feet wide ut the hase, 308 feet
through at the water surface, reference
g, and o0 feet wide at the top, which
i5 115 feet above sea-level, It crosses
two valleys separated by a hill nising 1o
elevation 110, in which the regalating
wirks. are being constructed. O the
total length of the dam, only 300 feet
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This powerfol muckine bfts the track  and
hefiils

them from thiree 0 nine Teel awass 1
vl nage 157 ).

d v
will be exposed 1o the maximum head
of 85 feet, the remaimder Lo less.

The dimenzions of the dam have been
sriticised f45 CXCUssTVE '|1;|1 anwarmmnied,
but 1ts desipmers constdered 1t desirhbie,
i view of the amoont of I1L:rtThI] Lyanl-
able, thav ample provisions e made
.11TELL1='~L CYETY foree wihieh mov affect its
Hntf'l."'l!., andl that o barrier be made so
thait 1hL laviman  without  engmeering
knowledge would recognize its stilility.
Now that the dam i= assuming appreci-
able proportions, this latter ohject 1=
more than renlized.

The dam m plan 15:a broken line to
conform 1o ||L conhigurations of the
natiiral surface, thereby materally re-
ducing the fill, Tt extends from the hill
i which the loweks are o be constructed

vl BHIFFING

the steel riils

Liv

RMACBINE
of the gn

ties vlepr wine] aned they depvrits

ng easily as b they were made

o Seullwiy Hill, thence along the spuar
or hog-lback of the hll on the west side
of the vallev | see map, papge 201 )

The adoption of the earth dam bronght
an such critiedsm that an exhaustive ex-
amiation of the founiatwons was made
in order W determine more careiully the
character and ¢xtent of the varnous inder-
lying matermls: 1w ascertain  whether
there was any possible conmection  be-
Ly ok t!l.l_' :'|.'||'.'II'[]]I ATCHs L '||'|-I.' lll-':'||:| :I!!-l'
south throngh the deposits e the porges
across which the dam will be banlt: for
testing the ahility of the material o cup.

port the proposed stractures, amd for
learmung whether suitable materinl for
this dam contled be obinined in the im-

mediate vicinity
v the result of the ihvestigations, it
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may be briefly stated that the underlying
material is impervious 10 wilter: that it
possesses ample stren to uphold the
structure that will be placed upon it, and,
the subsail being umpervious, that there
15 no comnectiin bitween the switips
above and the sea below,

Pecaure of the sluggish current of
the tiver in the vicimty of Guton and
above, the deposits consist of the hner
sards amd silts anterspersed wath beds of
clav. Dy constructing experimental dams
of this material nﬂfiuhjt.-u:.t"mg them to
the fitll head of water, it was conclu-
sively demonstrated that this materm) 1s
stiitable for the mterior or the mpervi-
Ofts Core,

The dam is constructed by formng
twio dumps om the omter hines: of the
structure ahd depositing waste material,
mostly rock, obtiuned from Culebrn, the
lock site, atiel Minds  The area between
the piles thus formed is Blled with the
mzterial pumped i by hydrmhic dredges,
the natural surface of the ground having
been  previcusly cleared of vegetation
and a suitable bonding (rench excavated.

THE SPILLWAY

Floctuations 1n the lake due to flonds
are o be controlled by rupiulntiug wirks
constrocted m Spillway Hill.  Objections
were made to eonstructing such works in
the line of the dam, but hecause of the
naturil configuration of the graund, irre-
spective of the lpcation of fhe spillway,
provision had to be made for ryving the
dam to the sides of the hill ) moreover.
the extent and elevation of the hill, as
well as the material composing i, make
i asswitable amd desirable place for the
waste weirs. The channel has heen cut,
the Aoor and side walle of canerete com-
pleted, and the Chapgres River now dis-
charmes throngh it.  As the reference of
the floor 12 at 10 feet above sea-Tevel, the
like is already formed at least to this
height.

The spillway dam will be of conerete
with its: crest at elevotion 6. Piers 8.8
feet wide will be built an tep of the
crést, 33.5 feet centers, groovel for
otoney gates, which will ¢lose the open-
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ings and complete this ion of the
dam,; The trace of the dam will be the
arc of a circle 7yo feet long, with 14
optmngs, which, when the gates are
raised to the full height, will pernt a
discharge of 140000 Cubie feel per soc-
amil. water discharged over the
dam will pass through o diversion chan-
nel it the ald bed of the Chagres. (Se¢e
UHIp, PAge 201, )

The dien is 1o contain 21,145.031 cobic
vards of material. On January 1, 10101,
these bad been pluced 12,001,502 enbic
Fnr:l.-s. muking sfuz2 per cent of the dim
complete.  The spillway will contain an
estimated quantity of 225,485 cubic vards
of concrete, of which 113,260 cubic yards,
or 50.23 per cent, were completed on
Jannary 1,

THE IDOCKS CAN NE FILLED O3 £\ FLAED 18
8 smiNvUrTres

The kwks are in pairs, so that if any
lock 15 out of service navigation will not
be interrupted. Thus, also, when all the
locks dre in use, the passape of shipping
will be expedited’ by osing one set of
Iock= for the ascent and the gther for
descent.  The loeks are 110 feet wide
an have usable lengths of 1000 feet.

The system of Glling adopted consists
of a culvert in each side wall feeding
laterals perpenidicnlar to the axis of the
lock, from which are operings upward
imto the kick chamber., This system dis-
tributes the water as evenly as possible
over the entire horizontal area of the
lock, and reduces the disturbanee in the
chamber when the fatter is being flled
or emplied.  ( See dagram, page oz and
illustrarions, papes 200-207.)

The mddle or separating wall con-
tains 4 single cnlvert of the same area
x5 the culverts in the side walls, which
feeds in both directions through laterals
controlled by valves designed o aperate
agamst 4 head from either direction,
This arrangement permits communica-
tion between the chambers of twin locks,
s0 that water may be passed from one
lock ta the other of the pair, effecting a
saving of water. The main enlverts are
controfled by Stoney valves, and the lat-
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LULERRN CUT,

crals leading from the center wall Iy
cylindrica] valves

Assuming @ dilterence of head of 3o
fest, it 15 estimated that the entire lock
can be filled or emptied, veing one enl-
vert i 15 munutes and 42 veconds, and
m 5 ominotes amnd 51 secomids when both
crtlverts are need

end = i
vdies Are ol tne

mieTIng
VilT v

L he ek
tvpe. double [eat. stramwhit gates,
g m height from 45 feet 7 inches to 79
feet @ the lengrth of each leaf s abont Gz
feid \ comtract has been entered inti
ror Tumising the steel for the gates
and for their erection 0 § lace by .1'"“'
1, 112 To meet this condition. it 18
necessary that the concrete shall
he completed in time 10 enable the eomn-

WiT I.,

TONAL GEOGRAPHIC MAGAZINE

LOORING NOBTTI

tractors o hegin the erection of the
vanous sets of gates on the dates spec
fied in their contract, and the wark is
heing prosccuted with this end in view
To necotmlish the resnlt. the ennerete
for the Gatim locks must be finished by
June 1, 912, and that for the locks on
the Pacibic side by October of the same
VeAT. |

SATFETY EVICES

It has been accepted as a fundamental
feature of the desien thar 2 each fagrht
of locks there mmst alwavs be two b
riers separatine the hieh level from t
level next below, To carry this out. two
sote of mterine gates are |'1'.'|:-|'l'|[ nt th

1®
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upper and two 4t the lower end oi each
of the uppermost locks in each flight.

In addition a chain device 1= used to
guarid the harrier gates against accident,
and =0 controlled as to be capable of
checking a ship of 10000 tons MOVINE
41 the rate of aboumt five miles an hour,

More than g5 per cent of the vessels
navigating the high -seas arc less than
Goo feet in length, and this has been
taken as the deterinimng factor for the
location of mtermediate gates, which are
introduced o the desipn to save both
tme and water. For the protection of
the intermediate gates against vessels
using a smaller length of ehamber “a
chain barrier is o be installed.

CGuilde piers are provided both  op-
siream and down, to which vessels will
tie before entering the locks:  Desgns
for electric towing machines are being
prepared, which will be nsed for towmng
veszels into and contenliing their passage
throagh the locks I means of lines or
cables attached to what may be con-
dered the four corners of the ship,

Even with all of these precantions ac-
citlemts may  happén,  and n:m:-rg::nf?'
dams are provided at the head of each
flight of locks, consisting of Swing
britges, which ean be thrown across the
loeks an case of an accijent which
makes o cormection Hetween the top level
amed the Tevel below ! wickel girders are
=t down from these swing bridges, sup-

orted by a sl at the bottem and the

Ecuﬁmjtitnl truss work of the beidge -at
the top. These wicket girders Acl as
runwavs for gates, which are lowered
atidl gradually stop the fHow,

CATITN LARE WILL STORE WATER PO THY
Y =1 ALAN

It will not be out of place at this pomt
to give conderntion i a general way 10
the question of adequagy of the water
=pply to maintain & large conmmierce
theough the locks, Data bearing on the
sibiect have been collected for many
vears and studied with care. During
eight or nine months of the yeéar there
is more than a sufficient supply for all
purposes, but during the other four or
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thrée months there is practically none,
and it becomes necessary 1o store a suth-
cient quantity dormng the rainy season
to supply the needs durmg the dry sea-
SO

The enonmions reservoir of Gatun
Lake i availnble for tins purpose.  The
hottom of the canal in the summit leyel
is at reference 4o, amd it is evident that
navigation, with the extreme depths pro-
vided of 4o feet in sea witer, cun be
carried on until the surfface of the lake
[alls to refercnce 818, As the water str-
face in the lake 1s to be allowed to rise
to teference 87, there is stored available
for the dry season a little more than
five feet.

I'I-Takihgt' due allowances for powern
consgmption, evaporation, about which
data are available, secpage and leaknge
at the gates during a dry scason of
minimum How, assumed as following a
wet season of mommem fow, an average
of 41 passages of the canil per day is

wesible, wsing the foll Ihlgirf of lock.

n the average dry seasom SR complete
transits of the cannl are sihle, or a

greater number than the 24 hours of the

dav wonld permit, aflowing vessels to fol-
I each other it intervals of one honr

With the design for the locks as
adopted a certain amount of waler can
be saved at each lockape whenever a
vessel does not draw the full permissible
dépth of 40 feet by cross-flling or
emptying through' the midile wall, As
a consequence it can be stated that there
will be sufficient water ior as many lock-
apes as the time in the day will permit.

INGENIOUS METIDMYS FOR HANDLING THE
ROCK AND CEMENT

At Gatun three locks in fHight over-
come the differonce in lével between the
Iake anil sem, and are bemg constrocterd
in a ewtting made throogh a hill. The
exenvation, consisting of uwpwards of
000,000 cubic yards, mostly rock, s
pracically completerd. The locks are of
concrete, and contain about  2.046,100
cuhic vards of this material. On janu-
ary 1 Inst they were 40 per cent com-
pleted,
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The broken stone for the concrete is
guarried and transported from Horto
Belto, about 2o miles east of Colon, and
the sand 15 progured from Nombre de
Digs, about 20 miles farther to the vast,
Both are transported direct 1o Gatun in
barges through the French Canal, which
was dredged of rock ledges and aocun-
lated deposits for the purpose. Smce
the canal line was cut through to the
French Canal this new channel s also
used. The cement is purchased under
cuntract at dotks in }.tril.!j" City and
shipped to Cristobal, thenee by harges
to Gatun or cars to Pedro Miguel and
Miraflores, '

The material taken to Gatun in barges
is- landed ar unloxding decks, conven-
itntly located an the old east diversicm,
o which a channel from the French
Canal was excavated by dredges. The
east dock ie inclosed, forming the ce-
ment storehouse,  Its floor dimensions
are 106 feet by 4o feer.  The Toof pro-
jects 35 feet beyond the face of the
dock, affording some protection against
the rains.

The huilding is divided into ten bays,
in each of which a two-ton traveling
crane. worked by eléctric motors, oper-
ate entirely across the buliding. In the
rear of (he building 30 cement hoppers
are placed in the fours anid covered with
stee] scroens.  The cement is deliversd
throngh these hoppers into cars running
on & track below the Aoor. The cement
for this work is in burrels; which are
first put into the <torehonse and subse-
quently moved to the happers.

Greali buckets, mwfﬂlﬂll by cableways,
remove the sand amd stene from the
parges, moored against the west dock,
and deliver the materials in stock prles,
The towers of the cableways are of
stee], 85 feet high awl Boo feet apart.
They are mounted on cars, which enahle
movement at right angles to the line of
the cable: one single and two duplex
eableways are provided,  (See illustra-
tion, page 100.) Each of the Iatter have
complete independent cableway systems.
The cableways are equipped with five
70 cubic feet self-lipging grab buckets,
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cach having an mdependent run from
the Large to the stock pile. The cable-
wave have not the capacity to unload
the muterial required with sufficient
rapidity, and bave been augmented by
three derricks dperating on a Jdock north
of the cement shed, transferring <and
and stone to bins,

TIFE AERIAL CATNLEWNAYS

Two tunnels mun north and south
through the stock piles, with hoppers m
the top through which stone umd sand
are Ted o cars,

The cars used for transferring the
material are of steel with hinged =ide
doors, and bottoms inclined outward ot
an angle of 32 degrees from the hori-
sontal. A steel partition divides each car
into compartments, one for rock and ce-
ment and one for sand, The car starts
at the cement shed, where it réceives two
barrels of cement, thence runs throogh
ane of the tunnels, receiving a full charge
of stone and sand in the proper compart-
ment, and procecids to deliver this load
in the mixer hopper.

The concrete mixers are of the cubical
type, each having a capacity of 4 cubie
est.  There are eight of tiem, all
mesited in-one building on the west side
of the lock site, armanged so that four
1_’|L1I:1'I|;r 11 0T direction anil the wiher tour
directly opposite, thus permitting the use
of two tracks under the mixers. There
i, however. but one track above,

A four-track clectric railway. third-
rail svstem, operates the length of the
locks amd carries the eonerete from the
miixers to the cableways over the Jocks,
by which it is placed. The equipment
for this road consists of 12 electnie four-
wheel mine-locomotive-type engines. and

lat ears fitted with antomatic coup-
lers. each destpned to earry i two-yard
concrete bucket, Two charges of con-
crete are taken by each train and carried
to the calilewsnys,

Four duplex cableways span the locks
with steel towers Bg feet high and foo
feet apatt, simitar in design to the wn-
Inading cableways,

The forms used in conerete laying are
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THE PANAMA CANAL

of steel and, for the straight portion of
the walls, so designed as to perout con-
struction of monoliths 30 feet in length
extending from the floor to the top of
the walls, The forms for the mam amd
the lateral culverts are of steel and are
collapsible,

FROM CGATUN TO THE DCEAN

The channel from the locks to deep
water in  Limon Bay, approximately
seven miles in length, is being excavated
in part by steam shovels and the remam-
der by dredges.

South of the French Canal the Mind
Hills cross the line of our canal between
Gaton and Limon Hay, rising to the ele-
vations g0 and 60 As the bulk of the
excavition s rock, steum shovels were
put to work to secure the requisite wadth
and depth. It was thought that when
sea-level was reached the shovels would
lave to be repliced by dredges, as the
Mindi River 1s within 2 few hundred
vards of the aréa, and the French Canal
borders it.  As the work progressed,
however, notwithstambng the seamy na-
tyre of the mck, it was found that a
relatively parrow levee would keep out
water from the French Canal, and the
secpiage was so small as to be easily han-
dled by pumps.  COne shovel-cat o grade
was made, when the high water in [e-
cember, 1000, dooded the pit and work
wis suspended until recently, when the
soft matertal was removed by a suction
dredge. The water is héing pumped from
the @t %0 as to permit completion of the
work by steam showvels.

Chver the area to be dredged, a sea-
going suction dredge removes the softer
matenal, while ladder and dipper dredges
handle the rock and <tift clays. The
underlying rock 15 drilled and blasted
prior to deedging. A total of over 35,
ooo,000 cubic yvards was the estimated
amonnt to be excavated, of whnch Go.z
per cent 1% completed.

THEE LOCKS AT [MEDR) MIGUEL

In the Pacific Division the wark con-
sisftz of the construction of duplicate
locks at Pedro Miguel overconung a 30-
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foor difference of level, with the neces-
sary dams; two locks in Aight, also in
duplicate, at Miratiores, connected with
the adjacent hills by one earth and one
concrete dam ;. exdaavating the channels
between the locks to the required depths,
and the excavation of the channel to
proper width and depth to deepr water i
the Pacific.

The Pedro Miguel locks connect the
it or 85-foot level with the 55-foot
level. The excavation for the locks
amounting to 770000 cubic anls, 18
completod; and of the 837,400 cubie yards
of comerete required’ for their constric-
Hon, 57 per cent is completed.

The west dnm connects the hend of
the locks with the hills o the northwest
and performs the samwe function at the
soith enil of the lake that the Gatun
dom does at the north. It is to be of
earth, about 1,400 feet long, 40 feot wide
at the top, which will be at reference 107
above mean tide, and have side slopes af
Ra. It will he subjected to o minxinmm
head of go feet, though the averiage head
s from 25 to 30 feet.

In s construction two rock piles are
formed : between these two masses of
material { from whitch an existing strstam
of gravel was removed ), selected mate-
rial will he placed properly paddled and
relledh  Thiz central portion will have a
thickness of 140 fect at the bottom.
Concrete core walls will conmect the dam
with the hill and lock. “The dam, which
eontars about 1000000 cubie yvards, 18
26 per cent completed.  The natural sur-
face of the grosid from the east wall
to an adjacent Wl is above the upper
level, hut it is to some extent pervious
to water, To eut off any possible flow,
the lock wall i= returned toward the hall,
with which it will be connected by a con-
arete core wall.

TIHE LOCKS AT MINAFLOHES

The Miraflores locks are two in fipht,
overcoming the difference i level be.
tween Miraflores Lake, whiose surface is
at reference 25, and the sea-level section
As the doctuations tn tide are about 20
feet and mean tide is the datum, it will
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RECEIVING

- -
ot the men stanhe om (o of the

ErelE jidT 4

ril i ples fide 1910 Yis 5708
To bl 'ty

Garun locks 2.2snn00 harrels
be noted that the maximum lift for these
]W]'LF- 15 ahout {15 et rrlH.' I."'H'J'L'.'.i.l'.'i-"lﬂl
for the upper set of locks 18 complete
and for the lower set it is about 70 et
cent compiete. [t was not mtended to
lay anv conorete until the plant at Pedmo
Miroel bad frdshed the locks at that lo-

wall on the
eomnerete lakd I dany one menth at Gatun 35 30,401 cuble vards

mchibme platt charges amd division
of cemint will He regured

141

THE CONUCHETE

extreme el The bnepest amonnt ol
e hvernege cost of the con

X PR S

cality, but, as the work has advanced so
much more rapidly than anticipated, and
as the contractors are to complele the
erection of the gates seven months ear
ler than expected, it became necessar)
to mnstall auxilinry mixers and begm this
gt af the work carher. There will be
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MAP OF GATUN DAM, SPILLWAY, AND LIRS (EEE PAGER 177 Al

a total of 1,312,200 cubic yards of con-
crete to lay for these locks, of which
7 per cent i5 already done.

I'he Cocoli River, a tributary of the
Wia Grande, erosees the site of the Mira-
flores locks from the west, and is such
a formidable stream in times ol heavy
freshets that the protection of the locks
against its Moods dunng constriction and
aiter completion is necessary, A diver-
sion channel thromgh the hills 1o the west
with n dam across the river vailey wiitlil
accomphish the desired end: but, as a
dam at the head of pnd to the west of
the locks is also necessary (o impound
the water for the pool dbove, the salu-
tiom finally adopted was the construction
of o dam extending from the head of the
lacks o Cocoli HiL with a direction
nearly parallel to the axis of the locks,
by this arraneement the Coenll River wall
discharge into the upper pool,

The dam is of earth, 2,300 feet long:
top width 4o feet at reference 70, and
the side slopes approximately 12:1. The

179

averape head to which the dam will be
subjected 15 3o feet, the maximum 40
feet. It is being constructed like the
GCatun dam, and 18 43 per, cent complete,
The east dam will be of concrete, ap-
proximately z00 fect long, provided with
regulating works similar to and of the
same dimensions 45 those at Gatun, the
credt in this instance being at clevation
31), with seven openings, permitting a dis-
charge of 7.500 cubic feet per secomnil,

For a distance ni one and one-hall
imiles coutl from the Miraflores |ocks
rock is founid in the channel, 1o be ex-
covated at an average elevation oI mmus
30. The estimated quantity o he ri-
moved is 1,503,200 cubic yards, which is
covered by 8,138,113 cubic vards of al-
uwial material, averaging 38 feet in
depth. Tt was not practicable to remove
the earth and rock by dredging and sub-
agueoss methods, as the reanisite plant
eould not have been assembled to com-
plete the work in the allotted time

An hydraulic excavating plant was,
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CROSS-SECTION OF LOCKE CHAMBDER AND WALLE, GATUN LOCKS

Al Culvert in center wall,

B Conneitfons botwern oontes and lateral
cnlvert,

C. Latersl eulvert

L. Wells opening from Lateeal culverts into Tuck
There will be three main calverts exteid

the sile walls and one in the middle wall,

E Culvert in sie wall

F. Drajnme gallery,

L, Gallery for oléctre wires.
H Pazapgoway for LI ELOTE,
chiamber.

1 the foll length af tlie toehis, onte in ench of
The stido-wall

culveris are 32 Tee) i dHameies

frircn the imtike at the seuth end of the upper lutks to 8 poiit 330 feel marth, where they are

rediced 10038 feet, a1t which diameter they will
feet.  Thie enlvert in the smdddle wull 55 22 [t

contine 1o the eml, a disanee of about 3,500
i diameter drom iis south end 1o a pamnt a0

Feel :u:nrtl'l. h'lll'l-: it ilsa 'I-'-'i“ e Ti‘dﬂi‘q-qi 10 13 Teel, 25 ul:i.:l: i.]i;mn_-h,-.-r T '|._|.|]_| COon e Lo ple

end, @ distancn of ghont 30600 Tel

Eatorial calverts in the (e of an ¢llipse will run in the

Heor-from aml ot rlight angles to the o culveris ar witervala of gz amd 36 feet, lending

allernately

fronn the side aml middle culvirta. Water will be delivered o¢ callectedd sy esich

Interal eulyure throwgh five oprenings or wells in the flocie,  Vilves, which may he apened or

closad either iedividually or a1

at e time, will be locoted ar the fotakes aml alrlets of the

maln chilverts, and at the conneetinins bet ween the center calverts and the lateral etlverts

{dee page zog).
thece stories or gillerd

In the cetiter space of the middle wall there will be 5 tuonel, diviled imn
ex. The lowest gallery is for drainage § the miiddle, for the wires that

will earry the olectric vurrent to operate the gitte und valve machinery, which will be insiailed
i the center wall, aof {hw lop, b phesageway fur (e aperatori

therefare, selected as being the cheapest
and wodt expeditious method of hand-
lingg the loam, espeeially because by this
means 430-acres of swamp lend adjacent
tir the canal could be reclammed, Four
hydranlic pumps force water through
pipes, fitted with hydraolic giants or

munities, with a pressure of 130 pounds:

prer square inch at the nozzles; these jets
wash the loami to sumps, from which
tanch  centrifugal  dredging  pumps,
monnted on feinforeerd comerete barges,
punp the material to such places as may
be ilesirord,

Helow the area to be excavated in this
manner, the channel is secured by ardi-
nary cdredging operations.  Rock en-
commtered is blasted, the drilling heing
done hy chumn drills thraigh the natural
aurface to the proper depth or, where

sulmwerged, by use of a drill sCow, A
Lobwitz rock breaker s also in use {or
preparing the rock for the deedees. The
tetal amonint of material to be exeavated
dEETemites  3000.000 cubie vards, of
whith 73.55 per cent is compléted.

RENUVILINNG THE RAILROAT

The relocated Panama Railroad is he-
i pushed forward so as ty keep pace
with camal  constraoction work,  From
Colon to Mindi and from Corozol s
Panama, the old lne, relieved of some
of jt5 curvature, will be wsed, Lt the re-
mainder must be rebuilt, From Mindi
e Gaton, two miles, and from Paraise
to Coroeal, four miles, the new line is
enmpleted and is being operated.

Just sonth of Miraflores the new poad
passes throngh a tunnel Roo feet ling,
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THE MEVILE

The elze aof the strocture can he
evimader 18 the

The section Troun Proles (o Gambod, o
miles; 15 1.:n'u|t|;r5|:-|4: ki J._'Ir:u!:: atir] has been
mrned over to the Central Lhvision for
use m wasting material. This includes a
stee] bridpe across the Chapres nearly
one-iptarter uf a nule long.  From Gatun
to Frijolex a temporary bne was com-
pleted up o grade Go in Aprl, o, and
maintained teady for operation at any
titne diiring the past wet season that the
old Tine wns fooded ol

Vhout 3000000 cubic yards are still
recuired to. complete the emlmnkments
of this section 1o elevation (5, and every
cffort 13 being made o hnizh the entire

wWALL 1

appreciated by noling the man at the battom,
culvert to 4l oo emply the loelz {see page 202

203

FHE GATUN LTRSS

The great

line to Gambon, 31 miles, 1o full gride
by January 1, 191z, On this date it is
expected that work in the Catun spill-
wiy will have progressed sufheiently to
begin ratsing the lake o elevation 25

Construction of the line from Gumboa

Maratso, east of the cut, was started
it January and will be pashed with a
view to completion by Janwvary 1, 11z,
i passilile.  As the greater part of the
road passes throogh the lake, reanforoed
concrete culverts gare pravided to equal-
ize the water on both sides of the em-
bankments,



204 THE NATIONAL GEOGRAPHIC MAGAZINE

e distanee hold the face Formis
withdenwal

™

Tke stee] towers mn |

PEER

-I‘I-'
| are rollapsthl
i

CLIVerTs

allapsible forms o

|||.r ||:'|-I|"

Pl itate

imn wheels &

there are 21 forms i

pracinted

g H5FE

walls
rrilddle wall. each 12 feed

=
a=
=
i
|}
L=
.
k. w
= I
—
ks
—
L ek
;
il |
s

i r-

(WS
wetphing not less than

Ilul_l|

el form

il |

i 1a=1o0

]

|
citlvert in the

FTIT

for 1l

12 TOFTIE

lateral

Fe 100 {orm

Iengths,

s

e weloliomg

perphils,

BTF

Thiere

f4.4413

than

y Tect long and weighing not less

|
I |

ey

0 (o

-
by

14,7



THE PANAMA CANAL 20

= 8.1

mER'

=mR,

b
.

o [
smm ey

= IF R
t LA

._.f!i_-_g I'n -
1l

THE SIDE WALL OF ONE OF TITE GATUN LOCKS COMTARED TO A SIX-STORY BUTLDING
The siee of the colverts may bé appreciated from the engine and dray, The "mth" will

be flled i with earth anil stine aind gralded to the top.  Foee formi for thie sidde an

certer

walls (see preceding illpsiration ) are of sheet stel earried an movable owers, also bt of

stoel.

teewnrs move up aml down e leck chambers parallel with the walls (sce pagc 3w}

Tracks are lald ns noar to the line of the walls us poss=ibie, and op thse Lracks the

Jacks

|;'|;~.l.t||]_ 1i% Fhe (Gwers anil '|J-|:-:|r_ing ot the forms e IH::-lJ: fiw :-tll-ﬂﬂ I:]!I.-:‘ forms el ..Il:_llﬂ I1!Il:‘i1‘|: in

place.

witle, and ¥42 inches thick (see page 198).

P ITE CANAL WILL BE COMTLETED ON TIME

Genermlly speaking, employees are se-
lected on gecotnt of their special fitness
fr the work in hand, and are then an-
hampered in their methods of semmring
definite resulis. thus bringing out to 1S

There are, 12 of these towers, with forme 78 e

long from fop o bottom, 30 feel

fullest extent individual effort and brain
power. As 3l consequence each man has
a personal interest in the work and seems
imbued with the Jdea that the success
of the enterprise depends on him.  The
spirit of enthusiasm and of loyalty
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PLAUING THE FORMS oM. THE LATERAL CINMVERT I8 TIHE MIHATFLORES oK
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PRI VTEW OF TUHE FLOOR. OF THE MIRATLORES LOCE, SUHOWING TIE OPER] s

T THE CULVENTS Y WHICH THE AR WLl 2, il LT YD AND EMITIED
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DLAGRAM TOh SE0Ww PFEOPOETION ofF EXCAVATION OF LANAL ALREADY COMPLETED
The quantity retvafming 10 bé excavated may, however, he conshilerally ineregeed by slides

min Culeben Cut (see pp. 167 und 153,

Among the canal workers strikes forcibly
every nne who visits the Isthmus, and
cotvinees the doubting that the camnl
will be bl

The time required for completing the
lack type of canal was stimated by the
Board of 19og, which made s report
i January, 1906, at g vears, in neoord-
ance with which the work should be
completed by JTanvary 1, 1gis, aml this
1= still retaimed as the date for the offi-
cial opening.  The expectation that the
locks will be enmpleted by Tone 1, 1913,
it dependent on the gate contract il
has already been noted, which leaves
Culebra Cat as the doubtiul fpetor,

FHE EBELIDES IN CULENRA CUT ARE TIHE

UNE HDUBTFUL BACTOR

Asstiming that all the material will
slide into the cut that was edtimated in
June last-so that all of 1t will have to be
remaved, 1t is estimated that this part of
the cut will be Gnished by Sepremberr,
13, e ds well ‘within possibility—in-
deer, 1t 8 probable—that other slides or
breaks will develop, amnd it may e more
coomomen] to admit the water, thus £t -
tinge the aclvantage of the lack PTRSSHEE,
amd  remove the remainder by dredlpes,
winch will then be available aind which
can e passed through the locks when
completen],  This 'in.iﬁ e done iF need
Be, bt i any event there s nothing that
can e forescen @t present whach  will
postpone the date Gxed for the official
ppennte, with ample time to spare for
tarmg up the operating machinery aml
to organiee and train o foree for the
aperation and maintensines of the canhl
hv January 1, 1915,

The lignres are cnbic vards

With concrete work in the locks com-
ing ton close in the early part of 1912,
steps must be taken to dislind the pres-
et organiration, The time has arrived
for outlining an organization for the Ok~
erattion. and  mamtenarce of the eanal.
The tuning upof the machmery and the
tramning of an organization will require
the actwil use of the canal. Tt iz states
on - rehable authoeity thai at least 8
months will be required for shipping 10
adjust itself to the vew conditione that
will exist when the canal is ready for
use.  Such readjustnvent. however, will
not be atf empted ufitil somé definite an.
umncement 1= muide of the tolls that are

to be charged aml the basie for such
tolls,

THE CANAL IS WORTH THE $373,000,000
LNV ESTED

Much has been said and predicted as
th the comimtercial valpe of the canal to
the United States. Tn this coniection it
muost be rYememberad that the eommer-
cial shipping of this country never re-
quired the canal. The trip of the Ore-
gon in (HOR settled the yuestion of the
ailvisalulity of vonstructing an Tsthmian
Canal, and bl the canal been built ot
that time, thereby saving  that trip
around the Horm, there is no question
that it wonld have been agreed generally
that the canal, even at an expenditure of
$375000.000, was worth whilis

It whatever light the Pansimn Canil is
viewed, it will have paid for itself if in
tm¢ of war or threatened war 8 concen-
tratiom of the feet i< effected witheut
that long. tedions, uncertain route fol-
lowed by the Oregaon.
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It will practically double the efficiency
of the feet, and, notwithstanding the
fact that we are a peaceful nation, our
oullying possessions make the anama
Cannl & military necessity, and it mnst
e 50 recognided. Fram this point _of
view the delit should be charged o the
gecount winch nevessitated s construe-
tion, and whatever revennes gre derjved
troan other sources are so moch to the
good,  The traffic that will utilize the
cannl depends npon the tolls that will he
charged, and the President las asked
the Congress for legislation which will
enable the establishment of mates,

There s another policy which if
adupted. will have a material bearing on
the revenues of the enterprise, Through
the Panama Railroad 2 large expendi-
ture of money has been made for pro-
viding the present working forces with
supplies of all kinds, Though the rail-
romil has beon reimbuarsed] for this plant
throtgh fixed charpes on sales, #t should
not be abandoned bt utilized for fur-

211

mishing shipping with' its needed sup-
plies.  Suitable coatmg plamts should be
erected for the sile of coul to vessels
tonching al ur passing through the
canal, [n addition, simee o1l s now (sed
on o numbier of ships plying in the Pa-
cifie, such fuel should alan be on hand
tor sale by the canal anthorities.

The extensive machine shops now lo-
cated at Gorgdna must be moved beéfore
the completion of the camal, amnd they
should he established in connection with
a dry dock that will be needed for com-
mercial purposes, and wlilizéd as a reve-
mte prigiucer for the canall  This policy
also veeds congressional action.

With properly régulated tolls, and with
facilities for fully equipping, supplying,
amd repairing ships, the Panama route
wonld offer many advantages and bring
to it a sufficiently remunerative return
ta piy mot only the operating expenses,
but to gradualij.' absorh the delit which
the United States has incurred by its
construet ton.

THE NATIONAL GEOGRAPHIC SOCIETY

HE speeches deliversd hefore the
National Geographic Society on

the occasion of the annoal han-
quet, Saturday evening, January 14, will
be printed in full in the next pumber of
the Magirine,

At the anmual meeting of the Society,
January 13, the ¢ieht members of the
Board of Managers whose terms ex-
mired at the meeting were imaniiosly
re-elected  for the ensuing three years,
viz., Alexqaider Graham Bell, Henry CGan-
nett, I Howard Gore, A, W, Cireely.
Gilbert H. Grosyenor, Gearge (tis Smith,
O H. Tittmann, amd John AL Wilson.

At a reguilar meeting of the Board of
Managers, lnnuary 18, Mr, Henry Can-
nett was re-elected President - Mr. O, H.
Tittmann, Vice-Fresident: My, O, P.
Austin, Secretary, and Mr, John  Jov
Edson, Treasurer, for the ensuing vear,
The reports of the Secretary and Treas:
rer for the year 1910 are printed below,

REPORT (F SECRETARY 0. P. AUSTIN TOR
THE YEAR ENTHNG DECEMEER 11, 1910

The year 1910 shows a large incresse
in the membership of the National Geo-
graphic Society and a general improve-
ment in its condition and work.

The number of members December 1.
100G, wias £3.3331: the number added
upon their own application during Tan-
siry 1-December 31, 1910, was 23,308;
the losses by death, by resignation, and
by tot-pavment of does was 2,703,
making the total membership on Decem-
ber 31, 1910, 74,018 Fifty-one new Hie
members: weee electerd during the vear,
tnaking the total life membership 300,

The membership is distributed thromgh-
ctt all the States and Territories of the
Limin, and includes abour 2 138 in the
District of Colimbia, and heiwersn 700
and Boa o the Philippines, Hawaii,
Porto Rien, and Alasks. The memher-
ship m foreigm conrtries = 2404, and
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wnts ity different countfies amd
colonies. of the world, meluding  all
the European countries, Egvpt,  [ndin,
China, lapan, Australia, New Zeulaml,
the varions Central and Somth Amerdicin
conmtries, and several of the West In-
dian islatils.  The membership in Can-
ada is 863: m Mexien, 450; in Cuba,
it 0 PPanama, 1831 in Europe, 65z,
anid i Central and South America, 125,
A golil medal was presented March 26,
1910, tn Sir Ernest [, Shackieton for
his explorations in the far south, the
presentation being muade on behalf of the

THE NATIONAL GEOGRAPHIC MAGAZINE

Society by the President of the United
States, William H. Taft. U Novem-
ber 18 ex-President Roosevelt adidresseld
the Society on his recent expedition to
Adrica,

Honorable William . Taft  was
clected an honorary member of the Sg-
clety during the year in recognition of
his active mterest in the promotion. of
fcﬂg{n;rhic seienee. The Soclety  now
s hve bonorary members, as follows:
Williama H. Tafy,
Robert F. Peary,
Frithjnf Nansen,

Theodore Roosevelt,
Georpe Dewey, and

REFOWT OF THEASURER J0IIN JOY EDSON FON THE YEAR ENDING BEC. 31, TG10
RECEIFTS :
Cash balaney, as shiwn by statement of December 11, W00 ... Bty ss
3 TP Y L T T T LT L T L sy p o LK s ol e it g 130004, 1
Lale miemDerm it i b m e e ey o o TS ST N 2521 00
Mumnne—ulweripticns sl sales oo . ||-E.¥H:'Jj
LECHITIS. eusunpestiossetinstrontnsannisasssssisssinm et 7,504 3
Advertsing: ..., e e b e s i W T S = T | J.é
I mterest on investments and on bank depontk, .o 1 -
PRSI o oproreecmoprosnsmmeanasienisnsins tesinsrots paty: = 56 6
MNotes paid Y Cesbbnnrent et sdanat aiednriseiiada. L0 RD
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= Sound Investments
1= =|
. :
E| HE selection of sound investments is not a difficult =1
| ! problem. It is bat a question of education along =i
comparatively simple lines. _And yet, it is & subject = |
= deserving of carcful study by everyone, but especiilly = |
= by those whose habit it may be to save some purt of =|
E their earnings. by people dependent upon inecome, or =
= | by business concerns appreciating the wisdom of ecrea- E
=|| ting o surplus reserve fund. S
E' IE:
g The wmop- a1!|rT:p Vi |:l;1'1.i- thas -11l|:']v1'ti the grenter will =
E become virir comyiction that the syeeess of wellanformed jovestors ?E
E_ 15 due for Lhw most purt, to the |'IiiL'I.E=!'||.'}" of the ordanimton of E
_’; their investment bhankers, =
| =
= Lt us submil to vou three sound investments, each of n
E distinetly different tvpe, and  vielding an avernge return ol aboat
- 1 ~ "
E S5; Per Cent |
= We recommond the investments to thase whose habit it may =
= be o save and dnvest some part of their eamings, or to In-uIJ[I:- _
:EI dependent apon income, ,
E |

Write for ouwr Cireunlar No. 443, !
“ lnvestment Sevorities ™

Washington Correspondent Spencer rrﬂSk &- Cﬂ'
CHRIS COX DAWSON 43 Exchange Place, New York

T T

729 15th Strect Abbany, N, Y. Boston, Muss, Chicago, [lL.

Members New Vordk Srack Esvhunge

[T

B 1110

Your courtesy in mentioning the Mogarine whon writing will be appreciated



The hirm of N. W. Halsey &

Co. aims not merely to buy and
sell sound bonds, but also to fur-
nish lo its clients EUﬂlPIEIE infor-

mation about them.

This inlormation covers all standard
1ssues of bonds i which investors may
be interested, and is based LT authon-
tative data often rmulﬂng from 5en.rthing
personal mvestigations by our own ex-
peris,

If you are an investor, large or small,
let us sugeest that you send for a copy
ol our comprehensive booklet on Public

U tJ[lt} Bonds, entitled

“The Most
Satisfactory Bonds”

This booklet covers the muwl.h i the
populanty of Public Unlity Bonds, the
undﬂih ing catises, their sﬂiuh'hhr and the
influence of the Public Service Commis-
sions. |t also explains the responsibility
of the m'm-:tm.u*nt banker and {Z!t"'i-{‘l'!l_bl_"i
the 5Ea=[=:nmq Iy E'-IIEE.IIDILE- precedmg
the ]:'ll.l.l‘fh-d‘-l:" of these L]":J:Il:ds.. T he book-
let 1s lustrated with a number of charts
and diagrams. We will be pleased to
send you a copy without charge, if you
are mterested m bonds as investments.

sk for Circwlar A, N.-54

N.W. Halsey & Co.

Bankers

And Dealers In Government, Municipal,
Kailroad, and Public Utility Bonds

NEW YOHK FPHILADELTHIA
440 Wall St 142] Chestasl =i
L HLC AL SAN FRAMRCISLUOD

152 Maomrme St i Califome St

Knauth,
Nachod, and Kuhne
Bankers

15 William St., New York
LEIPZIG, GERMANY

Members of New York Stock Exchange

INVESTMENT
SECURITIES

Dirabis an All Pares of theWeorld

Letters of Credit and Travelers’
Checks Available Everywhere

JObtainable either direct from us or
througn Banks and Bankers through-
out the United States and Canacda.
Pamphlet © Funds for Travelers '" sent

upon upp] wcation.

Establizhed 1524

Rensselaer =x=c
Polytechnie

Instifute

irisies bri I"I'l-l"l relanerimg (0. E L, Merhamlca]l La
FHLErang L | [Electriral e nlnrunlu;. iE._EF.5. amd
L-gmiikiil S¢fotei Il B Almis '|'| ien bl Cdmrnps

Umsarpissed new Chemles], My, Eleciilesl. Ma-
ahineivel pied Saiertials Trsibng lainsrezmios

Fof cdfalabgas angl fnsrsdssl pamiililass gl g
~wmrh @f produnies nbd d6eleids sl ¥ Eeses anl oelliines
sk Emr ey, gppty o

JOHN W. NUGENT, Regisirar.

Engineering

and Science

Tour courtesy in mentoning the Magasine when writing will be appreciated



Union Increases Use

When two groups of telephone
subscribersare joined together the
usefulness of each telephone is
mereased.

Take the simplest case — two
groups, each with three subscribers.
As separate groups there are pos-
sible only six pombinations—only
six lines of communieation. Umite
these same two groups, and instead
of only six, there will be fifieen
lines of communication.

No matter how the groups are
located or how they are connectec
by exchanges, combination in-

creases the usefulness of each tele-
phone, it multiplies traffic, it
expands trade.

The increase is in accordance
with the mathematical rule. If two
groups of a thousand each are
united, there will be a million more
lines of communication.

No one subseriber ean use all of
these increased possibilities, but
each stbseriber 1ses some of them.

Many oroups of teiephone sub-
seribers have been united in the Bel
System to inerease the usefulness of
each telephone, and meet the pub-
lic demand for universal service.

AMERICAN TELEPHONE AND TELEGRAPH COMPANY
AND AssoclATED COMPANIES

One Policy

One Susiem

Universal Servbice

Your courtesy in mentioning the Magazine when wriung will be appreclated



For Winter Tour?
0 Suriinier Clires

UCASUS QLACK
. IMEA~- L) SEA
MEDITERRANEAN

BY THE 7,000 Tow

*
Uusial opportuncty ta vt famee ¢
FAR NORTH-WITHIN (o= § lasdsand peosies of enrly hastory
OF THE POLE a | ¥ aship constructed salely for
BY THE 2 | ervises in these waters Fyery _ "
S I | comtortexcelon cusine et A WINTER PARADISE

.,,E’?_"-i“r SAILING E‘E"ﬁ'ﬂi AFREE
?M’ oo RETLRAMING MAY 30
158

£55jar  BREMEN COMN TN TN W Yoo a profusely illustrated 80-page

;ﬂ;#ehﬁfﬁlﬁ U p— boaklet with six complete maﬁ,
is

A Chance 1o Huwr Bic Game [ ot & g ; also f2 Views f“u&lr&li%& of t

I SFIT ERERGE

1nmmu¥“ﬂ;;nﬁﬁgaﬁm e ———— ";“IFIL'II'idE:I"FLI! IS!EI.IICI- SE!I][ ]}EIIEI.-
—, paid on receipt of 4¢ in stamps.

i B S S R S | __:-
NORTH-GERMAN L[OYD FRANK ROBERTS, Goneral Passonger Agont

DELAICHS & CO.. Gen Agls 5§ BRORaway UNITED RAILWAYS OF HAVANA
22 Broadway, Room 21Za, - . Mew York

HONOLULU y4icano

THE TRIF MOSET COMPELLING and warth yehile,
recelling ofl othess For gransdens. bressity, wivel plensisne
Aoed thaw splandid tig can be -made i fwn ---n-rh,a and &
iy from San Franciaco, iy salling on 5.5 SIERRA (15000
blapn dinphbedmomtd. Tl Vobcine of Kilanra, the lwrgeal
i U world, s tromesetogsly ative gt tiirw, and & Few
nuuirk dispaicly inpe have besn arrznged. . Mower. beforn
it ik broemy pessibin to auke this Cemrabsle rip with siech
rpeed and combum, and the ticce in Ferwe, 81 00}, firnt =lmss.
e Saty Femncises Ir |'||.||.|-.||||||| mnil b b mped 41 P
anie mp Fram Haamilulr o vievand, kncloding rasl amel
st bp Kilasow; hotel af Hilo : alsa Vialeans Hooss. Mg
ety tnp comperes witls then,  Be anipe 03 wiml the lalasds
apnd DAy Ti"-ll.l I. '|'|']Ii!'! r|'|I"|'I1::I:|1||-|I (T F Toah o

TS weies.

OCEANIC s, =5, O,
673 Market Street, San Francisco,

Stereopticons and
Lantern Slides

adapted to the Home. the Chureh,
the Schoal, and the Lecturs Hall,

PURE LIGHT SOFT HEALING

Lithia g Water

BucKkHEAD PRINGS,

CrestemmeLn Counmr Vinsinia,

H 00 per Case, 12 Half Gallons, delive red
= throngh your daaler or direct to ¥ 0ou.

Yoor couartesy in mentioning the Magaeine when writing will be appreciated

Ta Travelors und Lecturens we offer g
surpaasced facilimes in feviiorme ||u.l1!'rl.lir|.|.!
trom a eollection of professionally made.
high gushty negurives covering  all the
phncipal countnon of the world,

Amk !I.l.l.i. i.rLf-.~|:1:.'|I||||-. af |.'|!|'_-::l;. i

Underwood & Underwood
5 W. 19¢th Street, Now York




We Can Ship You Trees That Will Look
[Like This in Three Years
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Isaac Hicks and Son . . . . Westbury, L. L

Around the World

A Year’s Tour

Leaving New York July 27 for Eastern Europe, India, Java, Australia,

New Zealand, Philippines, China, and Japan.

Other Tours .‘:"-.r_-:.'luul:.! the World from our to nine months in lenizth, leavine

in ceptember, Uctober, November, and later. |
EUR‘]P Lenve Mew York lum= 17 fur Murw ey ainl Lasiad af the "l.[p:r'r_i_;!_': ._"---||1|_I MNarth Ca P, Sl de,

'|-_:IF"|1TII1F.'II_: Swritreringd. |.1_'I||L tlis Hiviezs, Wizl Pars Cirbei F UInrmi Tl:"-l-". March 8, Apus| B
Alay 10, 27, Jane 10, 83, July 5, 27, 2%, Augue 26, aal liler

Whieh Auoalblers mop we sand soo 7

RAYMOND & WHITCOMB COMPANY

Establish=d {8549

BOSTOR NEW YOHRK FEIL_ADELPHLA DETROT PITTSRURG
bt W ashingt=m =t 22% Fikth Ave LEMIS L Nrwtndal S Eniceie Hivle CHuenr Bidg

| THE PILGRIM TOURS TO EURﬂf’E

A warres of twenty modemately priced tmuyrmundes -EI'__'L"R':'."'-i A THCH S
thom Tsmsmt g g erevisag . whadtleyg wldl tha bas L ’DH.'L]:-" ol NORWAY
s R T (o T ol e il LAND af il MIDNIGHT SUN
EETEN r|:l|..|-l il prfep sk ['l|_||.=-||¢-l|_:i-_; =5l s MEMH FERRANEAN
i chargs ul =a0h party Sesil Fer JNansunie HEITISH [sEEs I
THE PILGRIM TOURS . . . . Oid South Church Building . . . . Boston, Mass.

Generm| Apesnrs. RAYMODND & WHITCOMB CO,, Mew Vi _|'r1__'i.ﬁ|]=|:|-.|-.ij_ Elessimip

— L e e
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Bound Volumes of The National
beographic Magazine for 1910

Mo magatine in the world prints so many
wondettolly uvmgue illosrabions or o
many stimulating and matroctive articles
as the Matlenal Geographic Hﬂ_ﬁminr-

The Magazine lor 1910 makes a volame
of 1,200 pages. with miore than eleven
hundeed anusunl picturss

Bound in 4 Moreces, cloth
:lil:lﬂ- # # 4 & ® ® & H.W

Bound in Buckram or Cloth, $3.50

A limited number of bound volumes for
the past year, |91, can be obtainead by

prdering at once for delivery Feb, 15,
We can only supply the 1910 valumes:

na pravious year avilable for distrnbug

Bien,  Adidieas

National Geographic Magazine
Diept. €
16th and M Streocts Northweat
WASHINGTON, D, .,

Use Press Clippings ?

IT will more fhan pay Fou 10 Fecureg oiIr ex-
tmnrve paemvicde, covertng all sabfedts, Urade
amd persaonal, arid get the heoefit of the et
nnid mesl ayatmrniaiic reafding of all pvpars atnd
periodicals, bhete and olrrdnd. 81 mamimom ooat.
Why milss taking advantsae 1of abitiislhg the
et possifle sarvice in sour fime¥

Crir servive in lken Iy all grogpresssve busg-
mess e, publishers, authirs, coellectsrs, oic,.,
gl e the eard tades for seciring whal vy
wairt amd n=pd, pz every oriocte of inters2at s g
S afnlly curnmmine.

Write Enr terms: or sand your ordee 1o
ViMhaliggergs bl 55 o 1R dlipperips &1 35,

Special Hales -|Il"I:i--..|.|-|| LIT:H.T l._l'.rl.l;'r-:.

The Manhattan
Press Clipping Bureau

aAdiTiien CASSTT, Hrofl.

Cambridge Railding. 238 Fith Ave., Cor 334 S0
NEW YOHK

Estabdished 1888, =end for Our Deak Caleaiar ‘

TEACHERS OF GEDGRAPHY

W e taks E-|ﬂ.f.'rr-|- in annrancing e pubificainm
of & temarkably clonr, comprehensdss, and sg-
gEsive

OUTLINE STUDY IN GEDGRAPHY

Hy MAUD E EINCELEY

Uhe Caoography Uhithine sugpeans & mew waetlod
uf teaching this imporan salbbjesi. and 0 omn be
dars wiitls aurny Irl'll'-r'l-illlh ur tu-.-;:ru;.-h:r-

"l"lll'l !-:.m|:|1.|e-_1 Ll e SXgpert ol l.|u||.l||'.||.l .|1r_| e T
eming. Flr=r mnlines in Lirersture, Lstine absd
Unated Sintes J‘ll.l-L'l'.ir_r hava had = ._r.lll:'ﬂl_'lﬂp!-]:l,l'il
scoens, | e Outlime m Gesogmpty 18 sepenally
Ene. B will comeeesd Al s croey femchier of
the subypest me podagogical and pracocal.

.||'|Ll|I| F-.'ih.:nlt—rll wurl wavrs (he 4911 4 |-|||' ||'lI
vonelinr, svmprws  heipdul methods, shows the
papril bow o emgwronclh the subiect, epd geta bhan
l'|ur|l1:l.:|lr||.||l iFI|I1F"-].II:I

We conbdanily commend 15 leesh po 1eaciiers
atiil clarars iis |:._..J.-|.||J|-|.'|.||| rermea hEre

Bound in Boards, Cloth Backs, 37 pages,
Price, 25 conts

THE PALMER COMPANY

120 Boylston Strect Boston, Mass.

SPRATTS
Meat Fibrine and Cod Liver Qil

Wopre T ol Thea CasEm sl by Lisidlariastn
Lharklern oo hie suceesstul daut 10 106 2ol
Thoile.

All recent &nctw woad Anfershe expedidinns heve

carriod SPEATTE Biscears—an sheoiule proof
of their sustaming vaiwe Tor vVigoropos work,

Send sfamp (o' Dog Cullare,”™ which con-
taavee rraidy velusble informention,

SPRATT'S PATENT, Lid.
Foctorits and Chiel Offices st Newarl, N, J.

Dhppotn &l San Feapulach, ST Laoipls, ChiciiEs,
Cleveinnd, sl Moatiagl, Catiods.

\ Imported Norwegian
ﬁ” Bear Dogs

Im‘pnrl ed lriah ‘'Wallhoanda,

Bloodhounds, Foxbiooods, Cat Cougar,
and Lion Haundns. Fﬂ-l:'l'.:n'-[.ll:}[c lustrated

calalogue, four cont stamp.

ROOKWOO0D KENNELS, Lexington, Ky,

Your ¢courtesy in mentioning the f&aﬁnzint when writing will be appreciated




“ETONE”

“ All-silk ™" Turkish Towels

Here tz2 what we consider the pink of I
perlechon in bath towels—~A towel thai
makes the bath an u||1.|'-|ul|- ur|||:,:||" alaln
that generates more electincity than an
slectrie battery : one that in hardly maist
after umng: one that is guaranteed to out-
GrEnl SIE ||.r|||||.-|_J|. Colfom ofF '.|.I.T|:" I5I.':l.'ll
towels; evecy thread of @ warranted tn
he freafe |-|!_'-|'_I yof coabing oo moFeE than fine
linen of calton lowels

These "ETONE"™ “AlLSILK " Towels

are scld n sealed peckasgos anly or I.I‘lxl §
fur the larger onea

|31 wermlne] femchag=e Ench
Face EE-..']I'..'..'.'.II_IJ.I_I . !'-Il:.:'
Haliy Bath Towels sise 20 x H ; i)
Regiilar Hath Timmmln, mpge X5 a2 468 | .25
£ LT

i
I bicwes o I'--"l
_-|._— il Batk Ton ..*--_1-.1'--' hrary, I} o4 5"__:_l
_'._||1 !._,-.ru'- r‘_un-ll' Towite, 47 2 54 aoid
Bath Sheptn, %) & £ 3 i

F. MDSS -EI: Eﬂﬂ Manubactiurers

495 Broome Strect, New York
r:lr;.'! i

RAD-BRINGE

Begrsiered o Fal. GV cisli. Erlmainm- OTTawA

BRIDGE WHIST AEEEE:-E-EIHlEE

Tl RTARTEARE DT TELD BNiDEr wWOsLL0
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1_-.—-—. O AADCLIFrE & G0 Faa Tl BT Miiw FTONHE

T-|||- rtiEl i |H'|||I|' ST ]'||I'I.l'.r'. . AT PG,
embmonag every beatura o gve
el el RErviceE

Louis MARTIN'S
Sronia?. New York 72 A"
The Revfaurgnl arith the Almasghese

Lunch, Dinner, and Suppar a Ia Larr
_."|||_:||_¢'- i Tl-n-. | nble !J I 'I Ji
Chnner, 51,50, from & o 0 P. M

(MROCHESTRAS I

.

CORRECT TREE

PRUNING

e ey

¥ E
P *edlther ¥ thinming ot *' oo
! heading beck™ povyre o
proming,.  Cormecd, pranbing e e
e rntlhc eliintan kit - § Rigc e
thimm bt rars. Rl v SR 0el Sriees
i eeendd [HEE BEskld 1 regia
b per il wtund v o rach tree, glving
Lo eich imdivedunl tresiteestl, pis
AT RN el e g Moata wEE)
fi= mlienis
Tlivie Is dislle as twoels deange:
i yemif rees I d il OveEr= oot il
TRETA Lo ST o A LT W T rL.I-'ll.f'-'.-ll rl
i milerstumd trees wpd fhie o
l hew win ||| herywwe Tha 11411 Tt
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Munson-Whitaker Co.
Comimercial shed Landicape Forcalers
Posinn, 624 Taimoit Bldy. :
New Y ork, 824 4th Ave. Bldg.
Chicugo, 304 Monndoock Bldg. l

A HINT TO PUBLISHERS

l:Il-.lll i |'II-'-|I.I|I'.Il-rI_I.I' UTELLT it haad 'r[I.II“-I“I'I

fia PEvE T,

EVERYBODY NEEDS MOILE MAPS

FI"HEHE Is nothing that gives s moeh el

such definite information as does a g
if it is m pood one lnnumerable books are
ublished ammwilly that wendd be the better
foor less of desenplion o nd pctures A nore
of maps, bl there seems to b n general im-
presson among the publishers thint cven n
single mnap is required only n Booksdistinetly
ol fravel or, 1'=|!'||rj'.. |_||_'|'-..-||-!|,||':-.'.i-|||, el evet
For-thiwe the map 1= 200 often inadeguate or
it i go Inserted as o be with difficulty cowm-
-|._-|_||-|11.1.':|I_"| Lhereading matter Lrandl historics
meaps should abound, but from many Lhe)
Are ;=L|q||,:-.-l e i:l.l:'h.jr].:.:'.

Write to s concerning any guestion of
Muaps, Color YWaork:, |'.1|!_rl"-|'1":JI.:_'_. :
prinbing, Our work in all of these lines i
of u very high gualits

THE MATTHEWS-NORTHRUFP
WORKS
BUFFALO CLEVELAND

siie] ek al

NEW YORK

Yout c¢ourtesy in mentioning the Magazine when wrniting will be: appreciated



Whife Rock

E_rrl

From America’s Most Famous Spring,
Waukesha, Wis,

Put up Only in NEW Sterilized Bottles

Annex the World to Your Home
Wil the

“AIROPLANE”

Stereopticon
'::T_'IT'IZI[_:Ill:[I: with Schuian Lllll__lllljnr. 230, 04)

Enmibles oz e shverchigsiasnk e el sesvice of
<30 watw ot Tewwiehisgue Slides with man TT=2r

The new Schiwon Light will ft ANY slerenn
boon and ts atftachable o any ingandescent
l"I""I.'-lTII'- E:"..'!"I.r l--.!-l:lll'.r'!- || s ll.l.rl'.-;|-|||r-|_'| FrusEm
2530 e frj_.l||'.|'|'.|' candie fiowrr li needs ho
mampulation.  Send for catalog,

CHAS. BESELER CO.,
110 East 23d Street, New York City

R

T yenrs . gxperieney enpevel o 1R Teoridse W preesdmet hdn Biewts recop | e
F exctllence, bl 840 plihie mad gerf vute marrmoria B i oir ool of TE s
Il s O iy ofiain smeeestion e of Hilang maem Fledla Wi waniel b picmeest | o] it
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Outhts for Explorers, Campers,

Sportsmen, and Travelers.

ANTHONY FIALA

With
ROGERS PEET & COMPANY

roadway at 34th Street

NMEW YOREK CITY

Evans’ Crescent
Expansion Bolts

W herever anuthing & lo be fastened

fo Stone, Brick, or Concrele, these
bolis are the besd,

Put fittings in hole ; put on what vou
have to fasten ) screw in the boll. The
fGitings of soft stee] have threads in lower
end, but not In opper, and they draw
together, expanding on off sides and ||
bath ende

The holts will never gel loose. The
prealer the strain, the more they hold

Calalogues and samples.

F. H. EVANS,
31 to 35 Hewes St, BROCOKLYN, N. Y.

PNEUMATIC CLEANERS

EFORFE, vou buy a vacuum cleaner, be sure 1o
geia d;ngnr.:.rran-u ol the wandsrinl REGINA

- the elenper with double pumps Simplest and
weaiest of all. FEasest to tne. Moo modem. Light,
sbrong, commpadt Heawtitully Gnished. Carelully con-
dructod by the same skiifed workmes who muke the
Famous Reging Mumic Bex=s.  Fully guasntesd
Flectric or hand-opeisted musdels,

Send for parculan and descnpbon.  Olur delight-

fut wnd entertaining boukler,
an orginal, clever wisry, beautifully llutraied in color,
als the cleaming problem m an entitely new and
[u:rl:i-
receipl of a two.cent gamp. P — .
e
38 Unioo Sguare Lo .
Mew York E §
Waobash Avenue, Chicage =
New York Spring & Summer Catalog
18 now being mailsd,
of New York mnd FPrris wearing
apparel, and othner merchandiss.
We pay postage, anywhere, on mail
| ehipments of §5 or more.
I;T‘ﬂﬁﬁ Free Delivary Ternis within
£ &

THE MAGIC WAND
nating  [ghit. Maled on B
The Regina Company | ==
MeClury Blde..
f !2 E ;
T+ 48 an excellsnt Guide Book
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| See Catalog for Freight and Ex-
| the United States.
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gend FREE CATALODG Ho. 21"

New York
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Hb_-!m:n! phatograph showng Aitfemoee in ates belwsez a vofume of The Hew (rith} edition of Thn Encvciopacdia
Hritnnnica oo ordinary book-poper, nod the same velume grintod on Indis paper and hound (n ful) Oexible berpsidn,

PLAN OF SALE
The preliminary offer of the new

Encyclopaedia Britannica in advance |
of publication was planned with |

very practical ohject in view. It was
n=cessary that the publishers should
mucertnn, hofore they began printing
and binding the volumes on & large

scale, to what extent the public would |

demand the work in each of its two
Forms (scls printed upon Indis paper
and sots upon ordinary paper), and in
the six styies of kinding. A compara-
tively small number of subscriplions
in advance of publication will be ac-
cepted at much leas than the regular
price, but withoul any paymenis at
present, in order that the saving which
the first subscribors may effect will
imduce them to subseribe without
delay, and thus to give the publishers
an rmmediate mdication of the ratio
im which the production should he|
spportioned hetween the two Linds |
of paper and six styles of binding.

Dalivery of early coproz i about tn
Pegin,

J

e University Press

acdia Brilannica [:Epmrl:l:nn:nl;]

Cambr:dig

{Encyclop
| December 30, 1910.

The verdict of book-buyers 15 almost unanimous
in favor of

THE_INDIA PAPER EDITION OF THE
ENCYCLOPAEDIA BRITANNICA

| €. The preliminary announcement in the November

magazines n regard to the new format in which the
11th Fiition is being printed, has yvielded a surpris-
ing result, and vielded it swiftly. 90 per cen? of
the Amerfcﬂn orders for the new edition of the

- prrnl'n;-:n'.'f on India paper ( 29 -I:fgfﬂm_gg, each fl’-':!l'-l
than an inch thick. although containing almost
fﬂﬂﬂ pages). The success of the Indin paper
| edition is therefore assured.  The employment of
this extremely light but opague and strong printing

paper wis a radical innovarion whose desrability,

it was felr, might not appeal 411.|i-|:l-;i'|r‘ Lo the lt:*t]-tt'ir'is nf hoale- huvw'

thirds lighter in weight v

iLn 4:!:'[1t.‘l'llr1:t‘.-1.f W |‘II"|'-I. .I.l.l'n..]T‘.lT-:E{“'i..‘ It "l"r'.IEl- I.lt?-l..]lj.t'l'.'i

mif_rht not ni'll"rr:-:ﬂ tO ANy W ho had been accustomed o the work in the format whitch

had existed without change or
Famibar associations have much

dia Britannica 15 regurded by

arrempt at improvement for so mu_n'r EEnertions.
o do with the affection with which the EHEEEIHHIJE-*

hundreds: of thousands of readers throughout the

world, Thoroughly ongmal as is the new work, searching as has been the fresh sur-

vey of every field of knowledge

upesn which s 40,000 articles are founded, the new



AN ENORMOUS BOOK IN HANDY FORMAT, 28 VOLS, THE ENCYC OP AED
AND INDEX, 27,000 PAGES, 40,000 ARTICLES | L lA.

Fleventh Edition is nevertheless the successor and, in a certain sense, the inherntor, of a
great series of traditions, the ultimate fruit of the cumuiative experience which has since
1768 produced ten successive and successful cditions of this work. The publishers
had no desire to force the new India paper format upon the public, and it was at the
outset recognized that the man who for twenty years or more had seen the famibar
binding on his shelf, cagerly as he would welcome the new edition, with its wealth of
new knowledge and fresh information, might still prefer thatin outward form it should
seem the same.  Many of the elder among the three generations by whom the new
wark will be snjoved may feel even now that to use the Encyclopaedia Britannica in Its
more compact form will invelve too great a change in fixed habits; and there is some-
thing to be said for the point of view thats portly row of volumesis the most chenshed
of household ornaments.

€ The public, however, have decided in favour of India paper in the propor-
tion of nine to one. 5625 subscriptions in advance of publication_had been
registered when this announcement went to the printer, and of these 5062
were for the India paper.

€ To those who spend their lives in libraries, the loss of time, the discomfort, the
fatiprue to the eves entiiled by the constant use of cumbrous and heavy books, are
matters of course. but to the avernge reader, who has no superstitious reverence for
old fashions in the production of books, the efficency of works of reference has always
been limited by their clumsy form: he has always thought of the Encyclopaedia
Botannica as 4 series of lrge, heavy, and more or less forbidding volumes to which
he has referred but seldom and always with reluctance.  To him the novel and con-
genient format of the new Eicyelopaedia Britannica has come as a distinct
addition to the machinery of modern life in America. He will no longer think
twice about picking up a volume which he can grasp easily between finger and thumb,
which can be bert hack cover to cover in its Hexible binding, and held for reading as
comfortubly as a magazine,

€ ‘The purpose of the preliminary announcement of the new Encyclopacdia Britannicn
las heen attnined so far as the percentuge in favour of India paper is concerned,
and early copies will soon be ready for delivery ; but meanwhile the relative demand tor
the six styles of binding in which the new editior will appear 15 of not less pressing
importance. A great many subscribers, while eagerly welcoming the appearance of
the Encyclopagdia Britunnica in thin and light fexible volumes, have ennrely ipnared
the question of bindings, having deferred the making of a choice until the complete
work is ready for delivery,  The use of India paper s one new feature upon which
the success of the Fleventh Edition will depend; the flexible bindings in full sheep-
skin and full motocen is snother, but the publishers sre, at the moment, lacking that
precise knowledge of subscribers’ requirements n the matter of bindings that 18 1n-
dispensable to the production of a large edition of the Encyclopaedia Britannica at low
cost, The most extensive manufacturing in the history of publishing is about
to be projected. The mere muking of paper and purchase of skins lor bindings will
demand no hitle time, By comumon consent of all competent authorities, the demanid

A LARGE CONCESSION TO EARLY SUBSCRIBERS




BRITANNICA PRINTED ON LIGHT, OPAQUE INDIA PAPER. EACH
YOL. LESS THAN ONE INCH THICK ({Almost 1000 pages.)

for the new Encyclopaedia Britannica has been accumulating for vears. The first
volume of the edition that is in use roday (and will be displaced and superseded
by the new 11th edition) was published in 1875, There have been various reprints,
some unauthorized; and in order to evade the copyright law, versions were published
(the sale of which was afterwards suppressed by the United States Circuit Court)
which did not contain all the original articles; in the genuine and the incomplete and
mutilated forms, the total sale in America was not less than 400,000 COpits:
Conservative estimates hased upon this previous demand show thar the printing and
binding which are about to follow the present offer must be on & gigantic scale.

. The plan of first issuing a limited number of sets, for which subscriptions

are being received, will |

enable those who register
their names now to obtain
the work at a substantial

concession in the price.

When the first subscription list
has heen filled, a supplementary
(or wmting) list will be opened
torthose whose applications were
received too late to he entered
on the first list. 50,000 sers
in 1911 15 not an extravagant
estimate of the demand for the
new Encyelopaedia Britannica,
In view of the magnitude of
the printing and binding, many
subscribers will have to wait
until the manufacturing  has
been so organized that com-
plete copies can be produced
quickly and in quantity, Al
subscriptions will be dealr with
according to prierity of appli-
cition. No money need be
paid until after delivery of
the volumes; all that the Cam-
bridge Ulniversity Press now
requires 1s an early l'_n!r'mﬂ_!':'u-n
of inteation to subscribe,
whether for India paper or
ordinary, and for which of the
six styles of binding.

The New (11th) Edition of the
ENCYCLOPAEDIA BRITANNICA

i a Fresh and Original Survey of Homan Thought, Lecin-
ing and Achiecement to 1910, A Complete and Aothorita-
tive Exposition of Knowledye., I Conwists of 28 Volumes
and Indax, Comprising 27,000 pages and 40,000 Articles.

The List v Open for ADVANCE SUBSCRIPTIONS

(1} On INDIA PAPER (very light and opague. in
Three Styles of Binding—CLOTH (84.25), FULL
FLEXIBLE SHEEPSKIN (85.25). and FULL
FLEXIBLE MOROCCO (86, 75), the volumes to
be less thun ONE INCH THICK (960 to 980
pasres f,

(2) On ordinary book paper, in Three Styles af Bind-
mg—CLOTH, (34.00), HALF MOROCCO
(85.25), and FULL MOROCCO (87.50), the vol-
umes to be 2] INCHES THIC K (960 o 980 rages),

At thepe prices (the Ninth Edition laving been sold, when
firwt issued bn Engliod and America, 81 30/ or £7,50 a volume), the
new Ewcichpordia Beftaimda i o considesubly cheapes book than
ever before, and It its more convenient and peadihle tarm, likely to
appeal 1o a8 mach wider F“||'|i|:- Furthermore, the alipht sblitional
Oodt tor the Indis puper, impression = not in peoportion to §#8 setun
marke? vilumtion, s it iy well known tlat books printed on Todix
paper are alwuys tasned ut DLigh prces

L L I S o FEPS e Pl ed codddn o perriong e oF fhe ENTYELOEA B
(M BRITANNICA raem put af dxis ) arr Fiatiid FERd fo segornae ma of Pha SacT
¢rarly Ii"l'-r-l'-'-llfll':ll.ni" T NGO e L AN g |,|:-rn|l'q|.‘- mimer oo Py LU LIEd
ruphar &8 v Wi i b e, B 2her oA i s dere 1De alrry J'-_'I:l:ﬁ:n'il il e f_.l._;.].rq"f
dyram iy oirm Slipflar -',|""J'h|'-l" oG mfitdawy il _l_:.-.I:E FE =S

MiTe The new ENCYCOLOPADIA BRITANNICA la offered et o ih=

pmblic. unid By tisik-igaists of cansnasen nre uEploved.

APPLICATION FOR THE PROSPECTUS

Full partitmtar of prices {fn advmnee of publication) , of  deferred
payments, bookesmes aml indinga, topether with a prospectus con-
timing #n aeomut of the woek, with specimel pilpes, onder farm,
ete.  free on applleatinong,

CAMBRIDGE UNIVERSITY PRESS
{Encyclopedia Britianios Department), 35 West 124 51, New York.
Menne send me the proapeciie of the new ENCYCLOPAEDIA

BRITANNICA | 1ith Edition ).
M., Name

o

i"rml-i-l!l if Hal-l-n::u | wath fubiliress)

Feailetive
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WASHINGTON LOAN AND TRUST COMPANY
WASHINGTON. D. C.
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SlobeWernicke Elastic Bookcases
dd

Protection to Convenience

I'he thﬁﬁrniek: “elastic”’ hunhhmu are not

only selected for their appesrance and convenience, but also
because of the protection afforded.

Valuable books especially should be stored
Slobe“Weenicke dust-proof and non-collapsible units, because, in
catastrophe such as fire, they can be quickly and easily removed
with rhe comtents intact; where, as it is ofttimes impossible to
protect books from fire L'lml water on shelves or bmlt-in bookcases.

Slobe-Wernicke units are made in many ditferent
stvles and himishes to harmonize with Appropriate interiors for
.-'"w.u.f: clnd and -"..'."".-"".f libraries.

Catalopue illustrated in colors, also copy of “The World's
Best Hooks,"" a8 compiled by such eminent authoritics as Humilion W.  Mahbie,
John Ruskin, Canon Farmr, Dy, Elion, Sir John Lubbock, mailed on reques

Carried in stock by nearly 1,500 agenis, bul where
mol represerided, e ship on approval, freiwh! paid.

Jhe Slobe-Wernicke Co., Cincinnaty, U. S. A.
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