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and judicially considered in connection with the g r ~ a t  stones, regarded as Potsdam, lying near upturned ig-
mass of stratigraphical evidence with which it l i ~ ~ k s  neous and detrital silicate rocks, referred, on the 
itself, and of wl~ich i t  furnishes at  once the key and 
clearest expollent,. 

From this decisive locality, there stretches away 
north-easterly, to Keweenaw Point, a belt of outcrops 
constantly maintaining the typical character, berlding.
and dip of the Keweertaw series. Mr. Strong mapped 
no less than fifty-five exposed areas within the coun- 
ty in which occur the unconformities on tlie St. 
Croix (Geol. of IYisc., iii.; Atlas, sheet xis.); and 
no concealed interval of so much as four miles oc- 
curs along the belt, within thirty niiles of the deci- 
sive localit,y. Tllroughout the whole broad belt to 
Keweenaw Point, occupying several thousand square 
miles, all the outcrops, numbered by hundreds, are 
of the Keweenawan class, and there are none of any  
other kind. This we conceive to be decisive evidence, 
notwithstanding some concealment from drift. 

b. To  the second class belong the unconformi- 
ties of Douglas County, in the extreme iiort11-western 
corner of TVisconsin, and those of the Keweerlaw 
range of Michigan. I n  the former region, in a dis- 
tance of twenty-five miles, there are four excellent 
sections across the junction-line. These have been 
described in detail, and illustrated by Sweet. 011 
tlie one side, tlie Keweenawan beds dip from 35O to 
500 southward, terminating iiorllin~ard in upturned, 
worn edges. Approaching these from the opposite 
direction are horizontal beds, which, at  a distance 
from the contact, are simple sandstones, but, near 
the junction, become co~~glomeritic materialfrom 
manifestly derived from the copper-bearing series. 
The beds are locally broken and bent upwards near 
the junction; but this, in our judgmeiit, does not 
vitiate the evidence of uncoi~formity at  the time of 
deposition. We maintain that  these sections afford 
strong evidence that the Keweenaw rocks were up- 
turned before the fiat-lying beds abutting against 
them were formed. 

Upon the discussion of the controverted contact- 
line along the base of the great escarpment of Kewee- 
naw Point, I will not here enter, partly because it 
might be useless without elaborate discussion, and 
partly because I could scarcely fail to trench upon 
data that  belong to another. Tlie whole ~egion  in 
controversy has recently been re-examined, and 
sketches carefully prepared, intended to show the 
exact facts exposed to observation, stripped of the 
bias of interpretation. Pending their appearanye, I 
need only call attention to the fault-line long since 
claimed by Foster and Whitney to exist here, -a  view 
in  which several subsequent stnderits of the region 
acquiesce, among them Irving and myself, with quali- 
fications. Now, while the existence of this fault may 
be maintained coi~sistently with the view that  the 
flat-lying sandstones on t,he east are the equivalents 
of the upperniost beds of the tilted series on the west, 
and also with the view that  tlie eastern sandstones 
were deposit,ed ltnconforniably against the cliff 
formed by the upturned beds, the faulting in this 
case being held to have previously taken place, it is 
altogether inconsistent with the view that the eastern 
sandstones pass conti~~uously under the cliff. 

c. Besides the above regions, which present more 
than a dozen separate localities of actual or approx- 
imate contact, several other districts afford strong 
evidence of unconformity, though they do not rise 
to actual, at  least to ocular, demonstration, Tile 
more important are found on the upper St. Croix 
River, on the Snake and Kettle Rivers in  Minnesota, 
and in the v ic i~~i ty  of Lake Agogebic, Michigan. 
These localities present horizontal quartzose sax~d- 

bas.is of irrefragable evidence, to tlie Keweenawan 
senes. Tlie relations of these are so close, that all 
recent investigators who have examined them re-
gard them as instances of uiiconformity between 
diverse for~nations, and find no other explanation 
consonant with the general geology of the'region. I t  
was my purpose to present tlie move signiticaut facts 
relating to these little-known districts, upon two of 
which I have inatle ~utpublis'tied observa~ions; but 
space forbids. Let it be observed, however, that in 
all cases tlie upturned beds are distinctly Kelveena- 
wan in type, and are referred to that series on strati- 
graphical evidence, that, apart from controversy,
would be accepted as conclusive, while all the hori- 
zontal beds, which are exliiljite(l at eight separate 
localities, are quartzose, and definitely of the type 
referred to the Potsdarn. We hold these to be facts 
of much significance as parts of the chain of evidence. 
The wide range of territory represented by theae 
several cases of unconformity adds to their force as 
evidence of the distinctness of tlie formations. 

6, l'lie inherent consdstency gf the view. -The 
harmony of the foregoing evidences, drawn from 
diverse sources and from widely separated localities, 
and the mutual confirmation they lend each other, 
as well as their accordance with the entire pltenomena 
of the region, are inherent arguments for the correct- 
ness of the whole. 

6. The dynainic simplicity gf the view. -No im-
portant orograpliic movements, beyond those that  
inust be independently assumed to explain the at- 
titude of the Huronian strata of the region, and such 
faults as there is itidependent evidence of, are in- 
voked. On the other hand, an extraordinary amonnt 
of local faulting and disturbance seems necessary to 
the alternative hypotheses, and this notwithstanding 
the unmetamorpliosed condition of the beds. 

7. The discover^ by the Urlited States geologists of 
a like series in tlie Grand CalZoiz of the Colorado. -
This, while not a direct argument, has an ixnportant 
collateral bearing on the question. By reference to 
p. 183 of S o .  6 of this journal, it  will be seen that a 
series remarkably similar to the Ke~veenawan in its 
essential characters occupies the same general posi- 
tion and attitude, lyi~ig in inclined, uilmetamorpliosed 
beds, unconformably below the upper Cambrian, and 
also resting unconformably upon the crystalline ar- 
cliaean series. The observations of Bell show a some- 
what similar group bordering Hudsoik's Bay : but too 
little is yet known of it to indicate its true horizon. 
The ultimate acceptance of tlie Keweenawan group 
as the representative of a n  iriiportant period in 
cgeolo~ical history, will, of course, largely depend on  
the dgcovery of similar fortnations elsewhere, or the 
persistent failure to otherwise fill the gap between 
the Cambrian and Huronian. 

T. C. CHADIBERLI~T. 
Washington, D.C., Yay 5,1883. 

L I Q U E F A C T I O N ,  VAPORIZATION,  A N D  
THE R I N E T I C  THEORK OF S O L I D S  
A N D  LIQUIDS.1 

THIS paper discusses at  length the two kinds of 
vibratory motion whicli tlie molecule of a solid body 
may have, rotary and translatory. I t  is demonstrated 
that  the mean kinetic energy of such a n  oscillatory 

1 Abstract of a paper presented by H. T. EDDY,Ph.D., 
Unireraity of Cincinnati, to tbe Section of pbysice and cbernis-
try of the Ohio mech. inst., -4pril 26. 
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motion as is possible for a molecule of a solid reaches 
a masiniurn value wliicli can only decrease, ~vlierher 
the amplitutle of tlie oscillation be increased or dimin- 
islied, and tliat tlie only \Tray in wl~ich  it is possible 
to increase the mean kinetic energy of tliis I;i~ltl of 
niotion is inipart sufficient a d ~ l t t i ~ n a l  to energy to 

cliange tlie rnotio~i into oneof complete rotation. By

sllcli a process, greater freedom of niotion is given to 
the nioleculcs, and a large arnoumt of energy becomes 
potential. 'l'liis is regarded as esl)laining t l ~ e  phe- 
nonienon of liquefaction. 

I t  is sliown by an estencled niatliematical cliscns- 
sioii of the cohesive forces and resi>tance to cotripres- 
sion, by mliicli niolecules hold eacli other at  mean 
fixed distaiices, tliat tlie mean lcirletic energy of the 
vibration of molecules about tlieir liiean positio~ls also 
lias a rnaxirnnnl value ~vhicli can only be illcreased 
by reniovittg them to such mutual tlistances that tlie 
cohesive forces no longer act. I n  tliis process a l~rme 
amount of ellergy also becomes potel~tial. ~ l i i s y s  
regardecl as the rationale of the phenome~ion of 
vaporization. 

I t  is further shown, tliat, on tliis theory, it miglit 
very readily occur tliat tlie specific heat of a liquid 
should a t  first decrease, and then increase, as Kowla~id 
lias proved is tlie case with water, but that the spe- 
cific heat could not a t  last decrease. 

The cause of tlie relatively large specific heat of 
most liqnids is treated. I t  is siiowli tliat tlie tlistri- 
bution of rotary velocities in free rotation, sucli as tlie 
molecules of a liquid are supposeti on tliis theory to 
have, is sucli tliat the atonis of sonre srnall per cent 
of the molecules in any given mass must be torn 
asunder. TVliat per cent of the liqnitl may be thus 
dissociated mill clepend upon the temperature and 
constitution of the liquid : it being s~naller for the 
simpler liquids, and increasing with tlie temperature. 
Electrolysis is an  evidence of tliis action. S~lcli  tlis- 
sociatioti sufficiently accounts for lhe gene~,ally high 
specific lieats of liquids. 

There is a general qualitative accorclance of tlie 
tlieory with observecl specific heats. A further con- 
firmatior. of the tl~eory is four~cl in the clear es-
pla~iation i t  affords of tlie existence of a critical 
temperature, above which a vapor is uiicor~densable 
by preshure a l o ~ ~ e ;  for, wlieii tile niean lcinetic energy 
of all the niolecules of a liquid acquires a value greater 
than the maximurn possible in a liiluid state, tlie 
licluid is not orlly vaporizecl, but necessarily becomes 
an  uncondensable gas, arid reniains so. 

G E R M S  A N D  EI ' IDEJ1ICS.I  
AFTERa brief historical slietcti sl io~+inp the idea 

that certain diseases, and especially marsh-fevers and 
the plague, are caused bv the entrance of minute liv- 
ing organisms into the body, to he a ~ e r y  oltl one, but 
one which, until nrithiri a f e ~ v  years, has had no es-
perin~ental proof, some definitions were qiven of the 
term3 now used in discus~ion of this subject; and the 
word 'microden~e,' nieariing 'little livinq tiling,' was 
proposed as a general designation for tile minute liv- 
ing D ~ I  Theticles found in alniost all air or water. 
m&xlemes incl~icle t l ~ e  ~Tficrophytes,or mi~lute  vege-
table organisms, and tlie A+ll.lic~ozocc, -the ~nicrozomes, 
tile bactelja, microbia, micrococci, etc. Tliel,e is at  
present no evidence tliat any mieroderiles are derived 
from any source otller tllall otller livillg organisms, 
nor that tile sllecial micropliytes mllich cause vari-
ous processes linown as fermentations or putrefac- 

of a lecture by Dr. J, S.BILLINGS, in the 
Saturday comse a t  the U. S. national mumurn, Yashington, 
Feb. li. 

tions ever develop into the higher forms of fungi; 
altl~ougli tliis is still an uiisettletl question, arid there 
is sonie reason to tliilili that seine of tlie liiglier f t u~g i  
mag act as fcrriient,.;. 

Tlie ~ x e v a i l i ~ ~ g  opinion at  pre5ent is, that t,liere are 
ninny diffe~.e~it ltincls of mic~.ojihytes, each having 
special powers, a11t1 that encli call only propagate its 
own k i ~ ~ t l  tirne.witliin a certain l i ~ ~ ~ i t e t l  

Dnt it is also probable, that by cllanges in natriment, 
temperature, etc., cl~anges in their liabits and porrers 
may be produced tlirougli n a t ~ ~ r a l  selectio~~. These 
changes are so coti~ideral~le as to cause them to ap- 
pear ti) be ilewspecies. Tlie germ theory is, that  cer- 
tain diseases are due to tlie presence ant1 propagation 
in tlie system of rriinute orga~~ihrns which linve no 
1)a.rt in its natural ecoiio~ny. The word 'gerrn,' Iiow- 
ever, is often errortrously applied to intleper~dent 
organisms wliicli originate ot~tside of the hotly itself, 
sucli as the particles in \7uccirie lynipl~ mliicli are not 
rnicropliytes, ant1 can hardly be called independent 
organi~ms. 

The tiiseases caused by large and comparatively 
well-kno~vri orga~~isnis Such are are called parasitic. 
sorile varieties of skin-disease; as ring-worm, or tlie 
so-called lire spots, t l ~ e  fuiigcs foot of I~ldia,  and tlie 
clihease 3f tile ear due to the growth of a peculiar As- 
pergillus. A new dihease of this kind is tile so-called 
actino~nycosis, due to a f~tnyus  which forms tumors 
near tlie angle of tlie jaw, and ~vliicli causes death 
wheri it becornes grneralized. 

An  accot~rlt was then given of the organisms found 
in splenic-fever, relapsing-fever, cl~iclcen-cliolera, lep- 
rosy, etc., ant1 tlle nietl~od of Pitsteur for the so-called 
attenuation of virus ~ v a s  described. This method 
appears to depend Ia~.grly on tlie esposure of tlie 
broods of micro-organisnis to the iriflaence of osygen; 
and recr:ritly &[AX. Nocartl ant1 ;\lollere:ta have au-
nouncetl that tlie same can niorebe effected n i ~ ~ c l i  
rapidly by the use of oxygenated wa.ter. Tlie ques- 
tion as to whether l'asterir's inoculation with artifi- 
cially rno[litied virus will afford perm:%ne~lt protection 
is still urisettletl, for sltfficient tirrie 11as not elapsed 
to decicle it: but there is rea-on to hope that it will 
be found to he of great pract,ical benefit. 

Tlie effects of rr!ic~,odernes ill proclocing p y e m i a  
and puerperal-fever are \ire11 described, aucl attr~buteci 
to a poison secreted hy them, of the 11at1u-e of the so- 
called pto~naines, rather than t,o tlieir rnere mechani-
crtl presence. Tliis Itnowledge is practicallj~ applied 
in what is called alltiseptic slirgery; and t l ~ e  sur- 
geoll now undertakes, without hesitation, operations 
nrliich, twellty years ago, nronlil have bee11 cleerned 
quite unjnstitiable; for lie k ~ ~ o w s ,  that by insuring 
that ae i t l~er  thro~ighthe air nor the water, tile fponges 
nor tlle instruments, nor in arly otller way, a single mi- 
crocleme mliicli lias not had its powers of growth aticl 
rep~~ocluctiontotally destroyed sl~all  gain atlrnission to 
the mou~~t l ,  11e need have no fear of blood-poisol~ing. 

As regards cliplitheria, i t  is probable tliat it is due 
to a coinrnon micro-organism, whicli, u ~ ~ d e r  circum-
stances not yet understood, beconles virulent, as the 
micro-organisms of common sweet-hag irifl~siirri may 
be transfo~~iiiedinto those whicli cause malignant 
l ~ ~ s t l l l e .  

connection of consumption with a micro1)hyte 
is still dollbtful, t l i 0 ~ ~ 1 i  implpbable; thenot and 
same may be sail1 wit11 regar([ to lrlalaria. 

A sketch was then giver1 of some of the character- 
istic plienon~e~ra the great epidemics. a t t e~~ t l i ng  For 
~oll le,  tile gerlrl ttleorv appears to  afford the hest 
expla~ration; for o t l~e~,s ,  such as influenza or crrebro- 
~pil lal  fever, this theory is quite inadequate. 

Special attention was called to the many points i n  


