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structure of the region wliere the copper occurs in 
northern Texas and the Indian Territory. H e  had re-
ceived specimens from that legion long ago and recog- 
nized their similarity to the copper ores of New hlexico, 
wliere in the upper portion of the Triassic foriliation 
copper forming concretions ancl replacing wood occur in 
many localities, and have been more or less mined for. 
In one locality near Abiquini very extensive galleries 
have been cut in the sandstone in search of copper 
which there replaces branches ant! trullks of trees ancl 
forms concretions which are irregularly scatt tred through 
the rock. Here the work was  done by the early Spanish 
explorers perhaps zoo years ago, ancl rlie reniaiils of tile 
furnaces in which the ccpper was srnelted are still to be 
seen at  the mouth of the mine. Stiil further west, in 
soutl~ern Utah, the sanie formation cxrries copper and 
considerable silver, at Silver Reef' enough to  pay well 
for mining, but in no locality yet itno~vn are the tieposits 
of copper ore sufficiently concentrated and  continuous to 
make nlining for that material profitable, so it woultl 
doubtless be found in Texas and :he Indian Territory. 
T h e  copper \vas tleposited with the Triassic roclts from 
a shallow sea in which an  unusual quantity of ccpper 
was held in solution. This impregnated the secl~lnents 
found at  the bottom replacing wood and forming as  
nodules about some nucleus. The aggregate cjuaiitit y of 
copper in this formation was enormous, hut, exceut where 
by't'l~e erosion of the beds it accumulateti i t  the' surface 
and coulcl be picket1 up  without a n y  expense in mining, 
it would hardly pay to attempt to o l~ta in  it by ordinary 
mining processes. 

T h e  wood i.eplacec1 by copper Dr. Xen berry said \vas 
undoubtetlly all coniferous, and c!iffcrent froin any now 
living. T h e  beds \vhich contained the cuprified wood 
also contained much that was silic~fied. Of this lie had 
exami~ied Inany specimens under the  microscope and had 
fountl the peculiar clotted cells nrhicli are characteristic of 
the conifer=, and these groupetl in such a \vay as  to 
prove the trees to have belonged to tlie Xraucarian group 
of conifers. So far as get known the  angiosperms, or 
higher order of plants, ditl not niarre their appearance on 
the earth's surface until after the copper bearing roclts of 
the southwest hati been deposited. 
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T H E  AhlE l i ICAN C H E V I C A L  SOCIETY.  

The  n'oveniber ~neeting of this Society \vas held on Fri- 
day evening, Noveml~er 4th, ~vitll \-ice-l'resident Leetls in 
the Chair. 

Tile follon,ing gentlemen were duly elected inembers: Dr.  
C. TI'. Voll-iey, Dr .  TTTitthaus, Messrs. C. E .  Munsell,T\~.\V. 
Share, J. D. O'Connor, and Day. The  first paper of the 
evening n7as " On some New Salts of Tiiyniole Sul11ho- 
acid, and some lie\\, facts concerning the same," (a second 
paper) by 1'11.. J .  13. Stebbins, Jr., S.1;. T h e  sotiiulll salt 
having the formuln 

C,H, (CH,) (CsH:) (KaSO:,) 0 Na+?$IJ2O 
was describeci, ant1 also the free suli~liur salt hat1 its char- 
acteristics enumerateti. 

3'Ir. Stebl~ins followed \vith a second paper '*  On the 
Combination of Diazo Compountls with 'Thymole Sulpho- 
Acid." 

In this he descril~ed the experiments \vl~ich 1le performed 
in his \vork, the results of which were given in the first 
paper. Both were tecllnical and not oi any pol~ular in- 
terest. 

The  third paper was by Dr.  C. TV. 1-olnej-, ant1 was en- 
titled, " T1;e Coilstitution of tile Explosive Derivatives of 
Glycerine. 

In this com~nunication theautllor trietl to prove that the 
nitro-glycerine was composetl bj- the substitutiorl of the 
nitrogen trioxide (NO,) instead of the nitrous ositie NO2, 
inalting the forlnula C3Wh (NOS), insteat1 of C3H,  (NO?)0 3 ,  

and secondly, he showed how it was possible to substi-

tute clllorine for the nitrogen trioxide ant1 so produce a 
ne\i7 explosive compound. 

This paper provol<etl mucll discussion on account of the 
tlieoretical arrangeinent of the atonls necessary to sustain 
Dr. T~olney's statemeni.. 

Subsequently the Conlmittee on Nominations reported 
that tlie followiilg ticliet was recommended to the Society 
for their votes at  the December meeting. 

Corres$orz/ii?zq Sec?,eZn?y-i. -P.Casamajor. 
lieco~/ii?zgSC~CYC~L~I~.J ' . -J .H. Stebl~ins, J r .  

7i-ensztrcr.- RI, Illsberg. 

Librnriic~z.-Geo. A ,  l'rochazlta. 

Cut-nfors.--A. J. Rossi, \Vm. R u l ~ p ,  A.  A.  Fesquet. 

Coi~znzl'fti~eoft P ~ ~ b l i c n l i b ~ z s . - - h o  
l3elir. A. 11.Ledoux. 

H. Entlemann. 
Lbnz/~zi'tfre o n  -lh?/zz'?tcttib?ts.--A. H. Elliott. 0. H. 

Iirause, J. 1'. I3attershal1, J .  D. F. Herrislioff, T .  O'C. 
Sloane. 

B o a r d  of D2i~ecfo?-3.--1'. Casamajor, J .  H, Stebbins, Jr., 
H. hIorton, C. 17. Chnndlel., hI. Alsl~erg,E. R. Squibh, 
TI-.H. Nichols, \P.8.Hai~ershalv, E .  TPaller, A. H. Gal-
latin, Geo, A. 1'rochazl;a. 

OX THE N A T U R E  O F  TIlE D I P H T H E R I T I C  
COKTAGIUhI .  

T h e  lecturer began by stating tha t  the researches which 
forrntd the b a s ~ s  of the present address had been made 
under the auspices, and, indeed, a t  the suggestion, of the 
National Board of Health, by Dr. Henry F .  Forlnad and 
hiniself, who xvere jcintly responsible for the facts and 
intluctions and jointly deserv~ng of whate~rer reprobation 
or aplxobation might be due. The full text of the work 
is nctv i 1 the hantls of tlie National Board, and will be  
shortly ~~ublisl led by then1 a s  an appendix to their annual 
r e~o i - t ,and tihe lecturer desired that  criticism be ~vithheld 
u n ~ i l  this \ \ a s  done, as  the memoir will contain much 
that cannot be spclten of in the present lecture. 

In the spring of 1880 worlt was begun by inoculating 
ral~bits with dip11:heritic membrane taken from the throats 
of parients at  Pliiladelphia. An account of the labors of 
the loilo\vi~~g- summer lias been already published, but lt 
seems necessary to epito~iiize them here. I t  was found 
that only in a vel-y few cases was anything like diphtheria 
produced in the rabbit by inoculating with the membrane. 
The  )noculations lvere practised by putting pieces of the 
mxterial sometimes untler the skin, sometimes deep In 
the n~uscles. Many rabbits died after some weeks, not 
of (liplitheria, but of tuberculosis. I11 a series of experi- 
ments it n.as shown that this tuberculosis was a11 indirect 
and not a direct result of the inoculation, and that  any 
apparent relation between the two diseases is only appa- 
rent, not real. Next, 111e tracheas of a series of rabbits 
were o;~el?ed and false membrane inserted. I t  was 
fountl that  under these circumstances a severe trachitis 
was fi-equently produceti, and was attended by an abun- 
dant formation of pseutl'3-membrane. Careful studies 
triatle of the false membrane of diphtheria and of this 
false niembrane shol\,td that  the two n.ere identical, both 
containing in abundance fibrin fibres, co rpusc~~ la r  ele-
ments, and various forms of micrococci. T o  determine 
TI-hethtr other infl:3mn~ations of the trachea than tha t  
cause.1 by c1iphthcr;a or its membrane are accompanied 
by the formatioil of false ineinbrane, a number of ex-
periments were made, and it was  demonstrat etl that the  
production of false membrane has nothing specific in it, 
but that any trachitis of sufficient severity is accompanied 
by this product. Careful studies also showed that this 
false membrane tloes not differ in its coristitution fro111 
that  of true diphtheria, except it be that the rnicrococci 
are not so abundant in it. W e  a l~vays  found some mi-
crococci, and in some of thesc traumatic pseudo-mein-
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bralies they were almost as  numerous as  in the d ~ p l ~ t h e r -  \\,as filteretl through clay, the filtrate was harmless. 
itic exudation. 

Last spring we resumed our investigations. Having 
heard that  there was a very severe epidemic in Luding-
ton, Mich., Dr.  Formad was dispatched to examine cases 
ancl collect material, He found a srnall town situated 
upon the shore of Lake Michigan, in the centre of the 
lumber region, with inhabitants mostly engaged in the 
lumber trade ancl in managing very nulnerous large saw- 
mills. T h e  town was all built upon high ground except 
the Third Ward. This occupietl a low swamp which 
had been filled in largely with sawdust. T h e  soil was so 
moist that  a hole dug  in it would fill a t  once with water, 
and but few houses had any attempts at  cellars. I t  \vas 
ill this district that the dtsease had prevailed. Almost 
all the children had had it, and one-third of them were 
said to have died. Dr. Formad examined a large number 
of cases, obtained a suppiy of diphtheritic membrane, 
and brought home pieces of the ~nternai  organs of a 
child upon whom he had made a n  autopsy. In eyery 
case the blood was found more or less full of micrococci, 
some free, others in zooglcea masses, others in the white 
bload-corp~~scles. T h e  organs brought home also all 
contained micrococci, \vhich were especially abuntlant in 
the kidneys, where they formed numerous thrombi, cholt- 
ing up and dis tend~ng the blood-vessels. In the summer 
of 1880 we  examined the blood of several cases of ende- 
mic Philadelphia diphtheria, and in no case found any 
new eleplents in it. But (luring the present summer we 
have found micrococci in the blood of Philadelphia diph- 
theritic patients, showing the differences in the disease 
are simply in degree, not in kind. 

Experiments were now made with the Ludington 
material upon animals. Inoculations \\?ere practisecl un- 
der the  skin, deep in the muscles, and in the trachea. 
In all cases the results were similar. A grayish esuda- 
tion appeared at the seat of inoculation, along with much 
local inflammation, the animal siclzenetl, and in the 
course of a few days cleat11 occurred. T h e  local symp- 
toms increased autl widened. In sonle cases the false 
membrane spread from ~vhe re  the poison had been put in 
the trachea up to the mouth. T h e  blootl examined dur- 
ing life or after death was found to contain ~llicrococci 
precisely similar to those found in the Lutlington cases, 
ant1 in a few instances m:crococci were found in abund- 
ance in the internal organs. Studies made upon the 
blood of these animals, as  well as  upon the Ludington 
cases, show that the micrococci first attack the white 
blood-corpuscles, in which they move with a vibrat~le 
motion. Under their influence the corpuscles alter their 
appearances, losing their granulations. They finally be- 
come full of the micrococci, which nolv are quiescent, 
and increase until the corpuscle bursts ancl the contents 
escape as an irregular, transparent mass full of micro- 
cocci, and form the so-called zooglcea masses. In the 
diphthe~itic membrane the micrococci exist frequently in 
balls, and it is plain that these collections are merely 
leucocytes full of the plant. The  bone-marro\v of the 
animals were found full of leucocytes and cells contain- 
ing micrococci. 

T h e  question now arose, is the disease produced by 
d i~hther i t ic  inoculation in the rabbit diphtheria? W e  
concluded that  it is, because the poison producing it is 
the same, the symptoms nianifestetl during life a le  the 
same, and the post-mortem lesions are  identical. T h e  
contagious character of the disease is retained, as  we 
succeeded in passing it from rabbit to rabbit. 

Our nextseries of experiments were directed to deter- 
mining whether the micrococci are or are not the cause 
of the affection. T h e  esperiments of Curtis antl Sntter- 
thwaite, of New I'orlt, have shown that  the infectious 
character of diphtheria depends upon its solid particles ; 
for when they filtered an infusion of the membrane it 
became less and less toxic in proportion as the filtration ' 
was more and more perfect ; and when the infusion 1 

T h e  urine of patients suffering from malignant diph- 
theria is full of micrococci, and may contaln no other 
solid material. Follo\ving the experiments of Letzerich, 
we filtered this urine and then dried the filter-paper. 
Upon experiment \ve fount1 this even more deadly in its 
effects than is the membrane. The  symptoms and lesions 
following in the rabbit inoculation with such paper are 
precisely those n h ~ c h  wo~rltl have ensued had a piece of 
diphtheritic 1titlni.y or membrane been employed. This 
experiment slio\vs that the solid particles of the mem- 
brane, \vhich are the essential poison of malignant d ~ p h -  
theria, are the micrococci, Ivhich must be either the 
poison itself or the carriers or producers of the poison. 

Leaving for a while this point, I will next direct your 
attention to our culture-experiments. These were per- 
fornled in the manrer  commenced by Iclein and that 
recommended by Stembtrg .  The  first method seems to 
us the best for the purpose of studying the tlevelopment 
of the rnicrococcus itself; the second the best for the ob- 
taining of it in quantity for experimentation. 

W e  cuitivated micrococci from the surface of ordinary 
sore throats, from furred tongue, from cases of mild 
diphtheria as  we commonly see it in Philadr1ph;a ancl 
from Ludington cases. TVe found, in the first place, 
that there were no differences to be drtectecl in the gen- 
eral or special appearance of the various micrococci, and 
no constant differences in size. W e  found that they all 
formetl similar shapes in the culture apparatus ; they 
had this tl~ffereuce, however,-whilst the Lutlington mi- 
crococci grew most rapidly and eagerly generation after 
generation up to the tenth, those from Philadelphia diph- 
theria ceased their growth in the fourth or fifth genera- 
tion, wl~ilst  those talieu from furred tongue never got 
beyond the third transplantation. Various culture-fluids 
were used, but the results were identical. We conclude, 
therefore, that  as  no difference is detectable between the 
microc?cci ibund in ordinary sore throat autl those of 
diphther'a, save only in their reproductive activity, they 
are the same organisms In different states. As the resuit 
of some hundreds of cultures, lve believe that  the vital- 
ity of the rnicrococc~ under artificial culture is in direct 
proportion to the coi~tagious powers of the membraue 
from which they havl  been taken. W e  have made 
many inoculations with cultivated micrococci ant1 have 
succeeded in producing tlipl~thtria w ~ t h  the second 
generation, but never with any later product. 'Shis suc- 
cess, taken In conjunction with the urine experiments 
already spoken of, seems to us sufficient to establish the 
fact that the micrococci are the fo?ts e t  o n g o  uznZi of 
tliphtlleria. T h e  experimeuts of Pasteur and others 
hare  proven that  it is possible for an inert organism to 
be changed into one possessed of most virulent activity, 
or vice .i/is~scz,ant1 \i7e believe that we can offer direct 
proof that the micrococci of the nlouth are really iden- 
t:cal in species with the micrococci of diphtheria, and do 
not merely seem to be so. W e  esposed the Ludington 
membrane for some weeks to the  air in a clrieil contli-
tion. There was  no putiidity or other change detectable 
in it ; but, whereas for~nerly i t  had been most virulent, 
now it was inert, a i d  its micrococci not only looltecl 
like those talien from an ordinary angina, hut acted like 
them. They were not dead, they had still power of 
multipl cation, but they no longer grew in the culture- 
fluid beyond the third or fourth generation. Certainly 
they were specifically the same a s  they had been, and 
certainly therefore the power of rapid growth in culture- 
fluids antl in the hotly of the rabbit is not a specific 
character of the tliphtheria micrococcus. 

4 s  is well known, Pasteur attributes the change from 
an active to an inert organism to the influence of the 
oxygen of the air upon the organism. TVhether this be 
true or not of the diphtheria ~llicrococcus is uncertain, 
but the effects of exposure of the dried rnembrane seem 
to point in such direction. 
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With  the facts that are known in regard to the clinical 
history of diphtheria and those which we have deter- 
mined in our research, it is easy to make out a theory of 
the disease which reconciles all existing differences of 
opinion and seems to be true. 

A child gets a catarrhal angina or  trachitis. Under 
the stimulation of the inflammation products the inert 
micrococci in the mouth begin to grow ; and, if the con- 
ditions be favorable, the sluggish plant may be finally 
transformed into an active organism, and a self-generated 
diphtheria results. I t  n a y  be, however, that by ap- 
proprlate treatment such a case 1s arrested before 
it fairly passes the bounds of an  ordinary sore throat. 
Every practitioner knows that sllch diversity does 
exist. Again, conditions outside of the body favor-
ing the passage of inert into active micrococci may exist, 
and the air a t  last become well loaded with organisms, 
which, alighting upon the tender throats of children, 
may begin to grow and themselves produce violent an-
gina, trachitis, and finally fatal diphtheria. 

In  the first instance we have endemic diphtheria as we 
see it in Philadelphia ; in the second, the malignant epi- 
demic form of the disease a s  it existed in Ludington. It 
is  also apparent that in the endemic cases the plant
whose activity has been developed within the patient 
may escape with the breath, and a case 
theria be produced by contagion. I t  is also plain that 
the plant gradually in such a case passes the 
to the active state, there must be degrees of' activity in 
the contagium, one case being more apt to give the dis- 
ease than is another ; also that the malignant diphtheria 
must be more contagious than the mild endemic cases. 
W e  think there is scarcely a practitioner who will not 
agree that clinical experience is in accord with these log- 
ical deductions from our experimentally determined 
premises. 

I t  yet remains for us to invesegate as to what are the 
conditions outside of the body will especially 
favor the production of active m~crococc~, and also to 
study the effects of agents in killing these organisms ; 
for it is very apparent that local treatment of the throat 
must often be of the utmost importance, and that it will 
be far more if it be of such character as to kill 
the micrococci, and not simply be anti-phlogistic in its 
action. 

SOLAR PARALLAX. 

In an  elaborate paper, given in full in the A n z e ~ i c a n  
~~~~~~lof science, fo r  November, Professor William 
Harkness draws the following conclusions :-

For  convenience of reference the limiting values of 

the solar parallax, found by the various methods de-
scribed in the foregoing pages, are presented here. I t  
should be remarked, however, that in selecting these 
values the results of all discussions made prior to 1857 
have been omitted ; except in the case of the transit of 
1761, and the smaller of the two values from the transit 
of 1769. 

I.--Trigonometrical methods. 

Mars, meridian observations . . . . . .8".84 - 8".96" diurnal observrltions.... . . . . 8.60 - 8,79
Asteroids .. .. . . . .. . . . .. . . . . . . . . . . 8.76 - 8.88 
Transit of Venus, 1761.. . . . . . . . . . . . 8.39 - Io.lo 

L L  

' " 
' 1769.. . . . . . . . . . . . 8.55 - 8.91 

1871.. . . . . . . . . . . . 8.76 - 8.85 

11.-Gravitational methods. 

Mass of the earth .... . .. .. . . .... . . .8".87 i oO.07 
Parallactic Inequality. . . . . . . . . . . . . . 8.78 - 8.91 
Lunar Inequality. . . .. . . . . . .. . . .. . 8.66 - 9.07 

111.-Photo-tachymetrical methods. 

and light ' ' ... . ' 8".72 - 8".89 
Velocity and Aberration.. . . . . . . . ... 8.73 - 8.90 

T o  obtain a definite value of the solar parallax, it 
would now be necessary to form equations of condition 
embodying the relationsbetween the various elements irl- 
volvecl ; to weight these equations ; and to solve for it 
by the method of least squares. But what is the use?  
I t  is  perfectly evident that by adopting suitable weights, 
almost any value from 8".8 to 8".9 could be obtained, 
and no matter what the result actually was, it would al- 
ways be open to a suspicion of having been cooked in 
the weighting. W e  only know that the parallax seems 
to lie between 8".75 and 8".go, and is probably about 
8".85. Attack the problem as  we will, the results clus- 
ter around this central value. All the methods give a 
probable error of about +oU.o6,and no one of them 
seems to possess decided superiority over the others. 
W e  have nearly exhausted the powers of our instru- 
ments, and further advance can only be made a t  the 
cost of excessive labor. 

1, the beginning of the eighteenth century the uncer-
tainty of the solar parallax was  fully two seconds ; now 
it is only about o ~ g . I  5. T~ i t  still further, we re-
quire a better knowledge of the masses of the earth and 
moon, of the moon's parallactic inequality, of the lunar 
equation of the earth of the constants of nutation and 
aberration, of ,the ;elocity of light, and of the light 
equation. All these investigations can be carried on a t  
any time, but there are others equally important which 
can only be prosecuted when the planets come into the 
requisite positions, A~~~~ the latter are observations 
of M~~~ when in opposition at its least distance from the 
earth, and transits of venus. 

In 1874 all astronomers hoped and believed that the 
transit of Venus which occurred in December of that 
year would give the solar parallax within O".OI. These 
hopes were doomed to disappointment, and now, when 
We are the transit the pair, there 
is less enthusiasm than there was eight years Nev-
ertheless the astronomers of the twentieth century will 
not us guiltless if we in any respect the 
transit of 1882. Observations of contacts will doubt-
less be made in abundance, but our efforts should not 
cease with them. W e  have seen that the probable error 
of a contact observation is i o n .I 5, that there may always 
be a as the  phase and that a passing 
cloud may cause the loss of the transit. On the other 
hand, the photographic method cannot be defeated by 
passing clouds, is not liable to any uncertainty of inter- 
pretation, seems to be free froin systematic errors, and is 

accurate that the a negative has a 
probable error of only +on. 55. If the sun is visible for 
so  much as fifteen minutes during the whole transit, 
thirty-two negatives can be taken, and they will give a s  
accurate a result as the observation of both internal con- 
tacts. In  view of these facts, can it be doubted that the 
photographic method offers as much accuracy a s  the 
contact method, and many more chances of success ? 

T h e  transit of 1882will not settle the value of the solar 
parallax, but it will contribute to that result, directly as a 
trigonometrical method, and indirectly through the grav- 
itational methods with which the final solution of the 
problem must rest. AS our knowledge of the earth's 
mass may be made to depend upon quantities which con- 
tinually increase with the time, it will ultimately attain 
great exactness, and then thesolar parallaxwill be known 
with the same exactness. Long before that happy day 
arrives the present generation of astronomers will have 
passed over to the silent majority, but not without the 
satisfactien of knowing that their labors will contribute 
to that fullness of knowledge which shall be the heritage 
of their successors. 


