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THEO P P O S E N T S  O F  in England have of T ~ A C C I N A T I O ~ ~  late 
been more active than ever ; and, as  a result of their activity, a 
royal commissioner has been appointed, whose duty it shall be to 
make a full investigation of the whole subject, and submit a report 
thereon. Friends of vaccination should welcome such an inquiry, 
a s  the method stands upon such a firm foundation of facts as to 
be  able to stand the most searching examination. If it has not 
accomplished all that is claimed for it, the failure is due to insufli- 
cient or inefficient performance of the operation ; and the sooner 
such abuse of it is made public, the better. It is a rather rernarkable 
coincidence that just at this time events should transpire a t  Shef- 
field, England, which show the value of vaccination. Small-pox 
lias recently been very prevalent in that city. In a population of 
about 320,000 there have been 6,088 cases of the disease, of whicli 
number 590proved fatal. Dr.  Barry, who has made a report to 
the Local Government Board, finds that the attacli-rate of the vac- 
cinated children under ten was 5 in a tliousand ; of the unvacci- 
nateci of the same age, IOI in a thousand. T h e  cleath-rates for t h e  
same classes were respectively .o9 anti 44. In  every hundred-
thousand of those twice vaccinated, there were eight deaths ; once 
vaccin;rted, IOOdeaths ; and unvaccinated, 5,100 cleatlis. 

AT the Buffalo meeting, October, 1888,Dr. Raymond presented 
a paper entitled " Soaping Geysers," in which he called attention 
to the use of soap by tourists to cause eruptions of several of the 
well-known geysers in the Yello\vstone Park. Incorporated in this 
paper appears n communication received fro111 me, written from 
camp in the park, in reply to some inquiries on the subject. T h e  
letter tiiscussed sorne\vhat briefly the means en-rployed by visitoi-s 
to the park to hasten the eruptions from hot-springs and reservoirs 
of hot water, which remain dormant for days, or even weeks or 
months, at  a temperature near the boiling-point, without any dis- 
play of geyser-action. As the paper has called forth co~lsitlerablt 
comment, I d ~ s l r eto elucidate one or two points in relation to the 
temperature of the springs, and to answer some incluiries about the 
composition of the therrnal waters. 

In the summer of 1885,a Chinaman, employed as  a laundryman 
for the accommodation of tlie tourists at  the Upper Ge~lser I3asin, 
accidentally discovered, much to his amazement, that soap thrown 
into the spring from which he was accustomed to draw his supply 
of water produced an  eruptloll in every way similar to the actual 
\vorIcings of a geyser. Tourists with limited time a t  their com-
mand, who had travelled thousands of miles to loolc upon the won- 
ders of the Yellowstone, soon fell into the way of coaxing the laun- 
dryman's spring into action, to partly compensate them for their 
sore tlisappoi~itment in witnessing the periodical eruptions of Old 
Faithful. Successful attempts upon this spring soon led to various 
endeavors to accelerate action in the dormant and more famous gey- 
sers. In a short time, so popular became the desire to stimulate 
geysers in this way, that the park authorities were compelled to 
enforce rigidly the rule against throwing objects of any kind in to  
the springs. 

In  connection with a thorough investigation of the thermal wa-
ters of the 'k'eliowstone Park and the phenomena of the geysers, I 
undertook a number of experinients to ascertain the action of soap 
upon the waters, and to determine, if possible, those physical con-
ditions of various pools and reservoirs which permitted the hasten- 
ing of an eruption by the employment of any artiiicial methods. 
This investigation, conducted from time to tinie, as  opportunity 
offered, throughout the field-season of 1885, included experiments. 
upon the gey;ers and hot-springs of the Upper, Lower, and Norris 
Geyser Basins. T h e  results proved, beyond all question, that gey- 
ser-action coultl be forced in a number of ways, but most conven- 
iently by the application of soap. T h e  greater part of the more 
powerful geysers undergo no perceptible change with a moderate 
use of soap, although several of them may, under favorable pliysi-
cal conditions, be thrown at times into violent agitation. In no st 
of the experiments, Lewis's coilcentrated lye, put u11 in half-pound i ~ ~ 

cans for laundry purposes, was employed. Each package furnished 
a strong alkali, equivalent to several bars of soap. In this form, 
alkali is niore easily handled than in bars of soap, more especially 
where it is required to produce a viscous fluid in the larger reser-
voirs ; anti, in coilducting a series of experiments for comparative 
purposes, it seernetl best, in most instances, to employ the s ame  
agent to bring ahout the desired results. 

Old Faithful, the motlel geyser of the park, exhibits suc11 marltec! 
regularity in its ~vvorltings. that attempts to hasten its action appear 
futile. T h e  interval between eruptions is about 65 minutes, and 
rarely exceeds the extreme liniits of 57 and 72 minutes. After an  
eruption of Old Faithful, the reservoir fills up gratlually ; the water 
steatlily increases in temperature ; and conditioils favorable to an- 
other eruption :are produced under circumstaiices precisely similar 
to those which have brought about the displays for the psst  eight- 
een years, or as  far bacli as  we hare  authentic records. ~ h e i e w  
experinieilts whicli have been made upon Old Faithful are insufi-
cient to ailorti any results bear i~ig  on the question ; but it seenis 
probable that  soon niter the water attains the necessary tempera- 
ture an eruption takes place. 

Of all the powerful geysers in the park, the Bee-Hive offers the  
most favorable contlitions for producing an  eruption by artificial 
means, all the tnore striking because the natural displays are so  
fitful that they cannot be predicted with any degree of certainty, 

1 Abstract of a paper read before the American Institute of Mining Engineers 
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Observations extending over a period of several years have failed 
to  determine any established law of periodicity for the Bee-Hive, 
even for three or four consecutive months ; although they indicate 
that  some relationship may exist between its clispiay and those of 
the famous Giantess. Frecjuently the Bee-Hive will play several 
times a day, and then become dormant, showing no signs of activ- 
ity for weeks and months, although the water rnay stand above the 
boiling-point the greater part of the time. Tlle narne " Bee-Hive " 
was  suggested by the symlnetry of the cone built around the vent. 
I t  rises about 4 feet above the sloping mound of geyserite, and in 
cross-section measures about 3 feet at  the top, while at the bottom 
of the cone the vent is less than 10 inches in width. From the top 
of this narrow vent it is possible to sink a weight only 17 feet be- 
fore striking a projecting ledge, which interferes with all examina- 
tion of the ground below. T h e  constant boiling and bubbling of 
the  water, the irregularity of its action, ant1 the convenient location 
of the geyser, within an  easy walk from the hotel, make atternpts 
to accelerate the eruptions of the Bee-Hive rnost attractive to tour- 
ists. 

In most instances such efforts are futile : yet success does so 
frequently reward the aston~shed traveller, that, unless the geyser 
were carefully watched by the authorities, attempts would be made 
daily throughout the season. If the conclitions are favorable to an  
eruption, it usually takes place in from 10 to 25 minutes after the 
addition of laundry-soap or lye. I t  is doubtful if more than two 
eruptions of the Bee-Hive have ever been produced on the same 
day by artificial means, although I know of no reason, based upon 
the structure of the geyser, why more displays might not be ob- 
tained ; for the reservoir and vent fill up  with boiling water very 
rapidly after each eruption. 

Although the Giantess is situated only 400 feet from the Bee- 
Hive, these two differ in surface and untlerground structure, and 
mode of action, as  widely a s  any two of the more prominent 
geysers of the park. Around the Giantess no cone or mound has  
formed. T h e  broad basin is only partially rimmed in by a narrow 
fringe of silicious sinter, rising above and extending out over the 
deep blue water. At  the surface, this basin measures about I 5 to 2 0  

feet in width by 20 to 30 feet in length. It has a funnel-shaped 
caldron, 3 0  feet in depth, ending in a vertical vent or neck 12 feet 
deep, through which a sounding-lead may be droppecl into a seconcl 
reservoir, meeting a projecting ledge or obstruction of some kind 
61 feet below the surface. After an outburst of the Giantess, the 
basin, which has been completely ernptiecl of its water, gradually 
fills again to the top ; and for clays before another eruption a steady 
stream of hot water overflows the brim. T h e  intervals between the 
eruptions of the Giantess vary from twelve to twenty clays, and the 
displays last several hours, being unsurpassetl for violence and 
grandeur by any geyser in the Upper Basin. Artificial means have 
never been successful in bringing this geyser into action, although 
for days before an eruption it is an easy matter to cause an agita-
tion of the water by throwing into the basin small pieces of sinter, 
or to produce a boiling on the surface, lasting seviral minutes, by 
simply stirring the water with a stick. 

T h e  Giant, orie of the most violent of the geysers in the Upper 
Basin, more closely resembles the Bee-Hive than any other of those 
along the Firehole River, I t  has built up a cone 10feet in helght, 
one side of which has been partly broken down by some erup- 
tion rnore violent than any witnessed a t  the present day. Through 
this notched side, steam and broken jets of water are constantly 
emitted ; and on this account but little examination has been made 
of the underground reservoirs and vents. T h e  Giant is fitful in its 
action, a t  times playing with considerable regularity every fourteen 
days, and at  other times lying dormant for nearly a year. I have 
no positive knowledge that an eruption of the Giant has ever been 
produced by any other than natural causes. At  the time of my 
experiments, no eruption of the Giant had taken place for several 
months, although the water was constantly agitated; so much so, 
that  it was  quite impossible to exaruine the venr with any satisfac- 
tory results. T h e  only effect produced by the application of lye 
was  additional height to the column of water thrown out, and a 
decided increase in the thumping and violence of the boiling. 

In the Lower Basin, the Fountain has been more carefully 
studied than the  other geysers ; and, its action and periodicity of 

eruptions having been fairly well ascertained, it afforded the most 
farorable conditions for observing the action of soap and lye upon 
the waters. In its general structure, the Fountain belongs to the 
type of the Giantess, having a funnel-shaped caldron, which, long 
before an  eruption, overflows into an adjoining basin. At  the tirne 
of my experiments upon the Fountain, the intervals between erup- 
tions lasted about four hours. This interval allowet! sufficient t ime 
to note any changes which might talte place. My own experiments 
with lye yielded no positive results ; although it seerued highly 
probable that  action might be  hastened by the application of soap 
or lye just before the tirne for an eruption, or when, for some 
cause, the eruption was overdue. I preferred to make the  attempt 
to bring about an explosion before the usual time, only waiting un- 
til the water in the pool had nearly reached the boiling-point. All 
experirnents failed. T h e  previous year, when wishing to produce 
action for the purpose of photography, I was enabled to accomplish 
the desired result by vigorousiy stirring with a slender pole the 
water near the top of the vent coiinecting with the lower reservoir. 
In this instance, it should he said, the usual interval of tirne be- 
tween eruptions had long since passecl : the geyser was, so far a s  
time was concerned, a half-hour overdue. hly opinion now is that  
the experirnents with lye failed because the temperature had. 
scarcely reached the boiling-point. 

T h e  Monarch, in the N o r r ~ s  Basin, is quite unlike those already 
descril~ed, and affords evidence of being a much newer geyser. I t  
is formed by two convergent fissures, on the line of a narrow seam, 
in the rhyolite, probably coming together below the surface. T h e  
main vent measures about 20 feet in length, and at  the surface 3 
feet in width. But slight incrustation is found around the vent,. 
the contlitions not being very favorable to deposition. In this nar- 
row fissure, the water, which ordinarily stands about I 5 feet below 
the surface, constantly surges ant1 boils, except i~nrnediately after 
an  eruption. 'The intervals between eruptions vary somewhat from 
year to year ;  but at  the time of these experiments the action was  
fairly regular, the geyser playing every four hours. I was success- 
ful in obtaining an  eruption quite equal to the natural displays, 
which throw a column of water 50 feet into the air. Here at  the 
Monarch there is no surface reservoir ; ant1 the narrow fissure, 
filled with loose blocks of roclts around which the water is in con-
stant agitation, prevents all measurements of depth. 

T h e  results of the many experiments, not only upon active gey- 
sers, but upon a large number of hot-springs, determine fairly well 
the essential conditions which I-ender it possible to bring about 
geyser-action by artificial means. Negative results are frequently 
as  valuable for this inquiry as  experiments yielding iinposing dis- 
plays. 

Outside of a few exceptional instances, which coultl not be re-
peated, and in which action was probably only anticipated by a few 
minutes in time, geyser eruptions protluced by soap or alkali ap- 
pear to demand two essential requirements, --first, the surface-
caldron or reservoir should hold but a small amount of water, ex-
posing only a limited area to the atmosphere ; second, the water 
should stand a t  or above the boiling-point of water for the altitude 
of the geyser-basin above sea-level. T h e  principal factor which, 
maltes it possibie to cause an eruption artificially is, I think, the 
superheated and unstable condition of the surface-waters. Many 
of the geysers and hot-springs present the singular phenomena of 
pools of water heated above the theoretical boiling-point, and, un- 
less disturbed, frequently remain so for many days without exhib-
iting any signs of ebullition. It may not be easy to describe 
accurately these' superheai.ed waters ; but any one who has studieci 
the hotsprings and pools in the parlt, and carefully noted the tem- 
peratures, quicltly learns to recognize the peculiar appearance of 
these basins when heated abovc the boiling-point. They look as  
if they were " ready to boil," except that the surface remains placid, 
only interrupted by numerous steam-bubbles, rising through the 
water from below, and bursting quietly upon reaching the sur-
face. 

Marcet, the French physicist, has specially investigated the phe- 
nomena of superheated waters, and has succeeded in attaining a 
temperature of 105" C. before ebullition. Superheated waters in 
nature, however, appear to have been scarcely recognizetl, except 
during the progress of the worlt in the Yellowstone Park, in con-
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nection with a stndy of the geysers. T h e  altitudes of the geyser 
basins above sea-level have I)een ascertained by long series of 
barometric readings, continuetl through several seasons. In con-
ducting a series of observations upon the boiling-points of the 
thermal waters in the park, Dr. TiVilliam Wallock, who had charge 
of this special investigation, determined the theoretical boiling-point 
by noting the mean daily reatlings of the mercurial column. T h e  
exact I~oiling-point of a pure surface-water, o1)tained from a neigh- 
boring mount;liil-stream, and the boiling-point of the thermal 
waters froin the springs, were tletzrniined from actual experiments 
hy heating over a fire, employing every possible precaution to avoitl 
sources of error. Surface-waters ant1 tleep-seated inirieral waters 
gave the same results, ant1 coincitletl with the calculated boiling-
point a t  this altitude. I-Iuntlretls of observations have been care-
fully taken where tlie waters in the active ant1 running springs 
boiled a t  temperatures between 198" antl 199'' F. 

iZs will l ~ e  shown later in this paper, the thermal waters are 
solutions of nlineral matter too dilute to be arfected to any appreci- 
able extent a s  regards their boiling-point by their tlissolved con-
tents. T h e  theoretical I~oiling-point for the springs antl pools in 
t he  Upper Geyser IJasin may be taken a t  92.5" C ,  irc)S.5'' F.). In 
many of tire large caltlrons, where the water remains quiet, a terrl- 
.perature has been recorded of 9 4 O  C. (201.2" F.) without the usual 
phenomena. of boiling. 'Tliis gives a body of superheated water, 
with a temperature a t  the surface of 1.5" C. (2.7' F.)above thepotnt 
necessary to protluce explosive action. 'Thermon~eters plungetl 
<into the basins show sliglitly varying temperatures, tlepentlent upon 
their position in the basin. They indicate tlie existence of numer-
ous currents, ant1 a very unstable equilibriu~n o l  the heated waters, 
which are liable, under slight changes, to burst forth with more or 
less violence. I L  is untler these co~ltlitiorls that geyser-action can 
Ile acceleratetl by artificial means. If into one of these superheatetl 
b.~ s l n s: a hantlful of sinter pebbles be  thrown, or the surface of the 
water I)e agitrttetl by the rapid motion of a stick or cane, or even 
by lashing with a rope, a liberation of steam ensues. This is 
liable to be followetl by a long boiling of the water in the pool, 
which in turn nlay lead to geyser-action. 'There is sotne reason to 
believe that, a t  least in one instance, an  eruption has been brought 
about by a violent 11ut temporary gust of wind, which e i t l~er  ruffletl 
the water or tlisturbcd the  t:cluilil~riu~n of the pool, and changed 
mornentarily the atmospheric pressure. 

In Icelantl, travellers have long been nccustornetl to t1 l l .o~ into 
the  geysers tiirf and soft earth from the  bogs and incatlows which 
abound in the neigliborl~ood, the effect producecl I~eing illuch the 
same a s  that  o l  sinter pebbles and gravel upon the geysers in the 
National Park. So well was this untlerstood, tlrat at  one time a 
peasant living near the Icelantl locnlity kept a shovel solely for the 
acconirnotlation of ihose visiting the geysers. 

In my letter to Dr. JCaymond, I niention the curious fact that the  
laundryman's spririjg, now linown a s  the Chinaman, in which gey- 
ser-action ruay most casily Ije protlrlcetl by artificial means, has 
never been regardeil by ?Ire Geological Survey ns any thing hut a 
liot-spring; ant1 no one has ever seen it in action without the ap- 
plication ol  soap, except in one illstance, when it was 111:itle to play 
to a height of twenty icet after stirring it vigorously witli ;L pine 
11o11gh for ne:irly ten minutes. In our recorcls it is sirnply linown a s  
.a spring. 

If s o ~ t p  or lye is thro\vn into most of [he s i ~ ~ a l l  l)ools, a viscotls 
fluid is formed; and viscosity is, I think, the principal cause in 
hastening geyser-action. Viscosity niust tentl to the  retel~tion of 
steatil wit hi:^ the basin, antl, as  in the case of the sul)erhr.atetl 
waters, ~vhe re  tile temperature stands ; ~ t  or above the boiling-point, 
,explosive liberaiion ~i ius t  follow. All allcaline solutions, whether 
In the laboratory or in nature, exhil)it, by reason of this viscosity, a. 
tentlencl- to burrip antl boil irregularly. Viscosity in these hot- 

der i~ig  the water viscous. On the other hand, when concentrated 
lye is used, it acts with greater energy, and furnishes a viscous 
fluid where sox11 woulcl yieltl only surface sucls, insuilicient to ac-
con~plish any phenomenal display. 

I t  is well lii~own that saturated solutions of mineral substances 
raise the boiling-point very consitler;~bly, the temperature having 
been determined for rnany of the allialine salts. In general, I be-
lievc the boiling-poil~t increases in proportion to the aliiourlt of salt 
held in solution. Actual tests have shown that the normal boiling- 
point of silicious waters in the park does not tliffer apprccial~ly from 
the ordinary surface-waters ; mainly, I suppose, because they are 
extremely dilute so l~~t ions .  

T h e  amount of lye recluired to produce a suflicientlp viscorls con- 
dition of the waters increases but slightly tlie percent:lge of mineral 
matter lleld in solution. 

All the waters of the principal geyser-11nsin.s present tlie closest 
resemb1;ince in chemical composition, and, for the purposes of this 
paper, may be consitlered a s  identical in their constituents. They 
have a comrrion origin, bein!:, for the most part, surface-waters 
wlliclr have percolatetl tlownn,arc! for a sufficient distance to come 
in contact with large volumes of :;teain ascending from still greater 
deptlis. The  ~rlineral contents of the  hot-spi-ings are ~nainly de- 
rived from the acitl lavas of tlie parl:, platcan, a s  tlie result of the 
action of the ascentling stearn and super-heatetl waters upon the 
roclis below. These tl~errnal lvaters are essentially silicious alka- 
line waters, carryiilg the sarrle constituents in somew1l:tt v:~rying 
quantities, but always tlilute solutions, rlevcr exceeding two grarrls 
oi  mineral matter per liilograrn of water. Wlierl cold, t l ~ e y  are  
potable waters, for tlie rnost part slightly :tllialine to the taste, and 
prol~al~ly  long period wholesome enough, uilless talten daily for ;t 

of tirne. 
Dr. l<ayniontl has rnatle thc suggestion that the ~dt l i t ion  of 

caustic alkali woultl possil~ly precipitate sonle of the rnitteral in- 
gredients found in these waters, thereby changing their chemical 
co~rlposition sl~fficirntly to affect the point of el~ullition. At  the 
same time he rernarlis that the geyser-waters are probab!y too 
dilute solutions to l)e much iniiuencc.tl by s ~ ~ c l r  Anyadtlitions. 
one who glances at  the analyscs of the  waters of the Bee-Hive, 
Fountain, and Fearless lr~ust  see, I think, that  they are not only too 
tiilute to undergo any rr~arlted change of temperature, b i ~ t  that the 
mineral cons t t tuc~~ts  corlsist ti~ainly of the carl~onates ant1 chlol-ides 
of the alltalies, associated witli a relatively la]-gt: ;~n~ou i i t  of free 
silica, wliich would remain unactetl upon hy caustic alltali. There  
is nothing in the waters to  be thrown cloivn by tllz additioti of 
alkali, or to permit any chemical combinations to be fol-:ned 11y the  
addition of a srnall amount of soap. 71'11c desire of tourists to 
" soap a ,geysern (luring their trip through the pa:.]< grows an-
~iually with the increase of travel ; so muc11 so, that  thcre is a 
steady tleinailtl for the toilet-soap of the hotels. If visitors could 
have their xvay, thc 1,eautiful blue springs and I- asi ins of the geysers 
wo~llcl b(: " in the satls " constaritly ttlroughout the season. Throw-
ing any thing into the liot-springs is now ~)rohibitttd I,y the gov- 
ernment authorities. It is certainly rletrirner~t;~l to the 111-eserv;ltion 
of the geysers, ant1 the practice cannot !)e too strongly contlei~ined 
by all interested in the National lieservation. 

~- - - - - - - -

TI-115 E A S T  CIIEI<NLi\NI)T<RS. 

GAIT. H O L ~ I ' Sexpedition to E l s t  Gree~iland was a s  reirtarlia-
hle on account of its geographical results 3s in regard to  the  eth-
no1ogic:~l obser\;ations iriatle :imong the isolateti tribes of the 
northern 1i;lrts of the east coast of C;ueenlantl. Tlie re::ults of his 
journey have Ixen ~)nblished, and iorrn the tenth volulr~c of the 
" Metltlelelser om Grtjrlland." In :L recent nurnber wc: referred to 
tire linguistic :tiid folli-loristic papers. Of no less irnportarlce a r e  

springs rnust also tentl to thc forrnntioi~ of bu!~l)lcs ;~ntl [onin w h e ~ ~  tile ge:ler:ll attthro~~ot:ietric anti etI1nogral~hic;II results of the expe- 
the  steam rises to the surface ; and this, in turn, nitis to  Itring 
al)out tile explosive action, foilowetl by a rclief of pressiirc, and 
thus to  hasten the final and rnore powerful t1isl)lay. Of course, 
relief of pressure of the superincumbent waters upon the column 
of water I~elom the surface basin is essential to all erc~ptive action. 
These  conditions, it seems to me, ;Ire purely physical. Untloubt-
edly the fatty substances contained in soap aid the alkali in ren-

dition. 
Dr. S t ~ r e nNansen has subrniltetl the crruniologii:ll rnaterial and  

the ~iicasurements of Capt. IIolnr to an  e1;~i)orate cliscussion, frorn 
which we glean the follo~ving facts. 'The wl~ole  poprrlation con-
sisted of 548 heads, 24.5 of who111 mere males, while 303 were fe-
males. 'T he size of is below the average, bcing 1,647 the ~ ) e o ~ ~ l e  
iniliirrtetres ; while in the soutliern parts of the  coast the average 


