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THEREis a special appropriate~~ess in the associa- 
tion of gt~ogvapl~y wit11 geology, as indicated ill the 
i~ssig~lrrielrto f  bciences to section E;  for the latter 
gives us all account of tlie origin of every topograpli- 
ical feature of the earlll's surface, ~vl~et l ie riblaud, 
coihti~irl~l,nloti~itain, plaleau, valley, or oceanic de- 
]~ressio~r. If we woultl properly untlersta~rtl tlre sig- 
~~ificanceof the earrll's weco~l tou~a,  n ~ u s t  u ~ ~ r a v r l  
the ~nysteries of geology: so a krlowletige of topog- 
~.alrl~y to tlie con~plete compreliension of is esse~~t ia l  
t l ~ egeological featlives of any country. If a geologist 
were taken by a balloorl to an u~iexplored part of tlie 
cwrtli, lie woulcl insta~itly recognize, frl~rn their topo- 
gl.alil~ical outlines, volcal~ic a ~ ~ d  granitic colies, lime- 
StOlle I~ills, elevated plateaus of basalt or Ilorixontal 
san(isto~irs,a ~ ~ dspecial ty11t.s of orogr:~pliic h t ~ u c t u ~ e .  
I l e ~ ~ c e  geologist first draws the contours the 111o1ler11 
of his di5trict before applging the colors of geological 
;tge Tlre existing 1,elief features of tlie e;~vt11 have 
bevn protluced one by one in successive periods; and 
it, is the taslc of tlie geologist to tliscover what were 
tile ,characteristic pl~ysical d e v e l ~ ~ g ~ ~ i e n t s  tlieof 
>evrl.al ages. I-Ie can delineate a connected l~istorical 
slitatch of the l iegin~~i l~g,  ofgrowth, allti co~np le t io~~  
a colitine~it. Such 11Isto1.ies are rare, 1)c~cause at,ten- 
ti011 has but ~ . rce~i t ly  illto tliis rlirectior~. ber3n t ~ u , l ~ r d  
0 1 1 c t  of tlie first American geologist* to f~ , ame  such 
:in outli~ie is Prof. J. D. I)a~ha, to wliont we owe the 
e ~ ~ u ~ ~ c i a t i o ~ ~of this fu~~danients l  truth. - that  the 
iil,*L fol.lued land 11as always rtll~~ainetl above water, 
i i ~ ~ d  sedi-11as .been a 1rucleu3 about which zolles of 
I I I ~ I I ~  accu~iiulated. We call recogriizeliave now 
this primitive continel~t, ~vitli all its successive stages 
of grr~wtl~ ,upon every geological Iriap. 

l'ime would fail us to ~irc.sent, tlie elitire physical 
11istor.y of our conti~irnt;  and we will tl~cirefore eonfine 
our ,attelltion c>hirfly to its ea14ier chapters, noting 
those 11oi11ts wl~icll al,e n r ~ d r r  tliacussio~~. As we a1.e 
e~i(lt.avori~~g ul)onto adcnnce rriencr, we I I I U S ~ .t o ~ ~ c l i  
delratable topics, a ~ ~ dliope by friel~cliy discussions 
to heco~~ie  ~ i b e r .  

We n1u.t assurne the correctiress of the comnionly 
~eceivrel olrillio~is corlcenlir~g tlle czarliest History of 
trur p l a ~ ~ r t , ,  it passe11 t h r o ~ ~ q l ~  -that tlie contliliol~ 
of a iiebula, and the11 of a buri~irig sun, tlie ~reriod of 

igneous fluidity. Uy subsequent refrigeration it has 
beco111e either partially or wliolly solid. Not u ~ ~ t i l  a 

crust had fon~red, and the earth had cooled enougll 
to allow water to ~.ernaiu pennaneritly, was it I)OS-

sible to talk of dry land ant1 ocean. Wit11 these prem- 
ises allowed, it beems to us evitlent that the niattarial 
of the e;trlh I I I L I S ~be disposed ill concr~it,ric z o ~ ~ e s ,  
arranged accortling to density, tlie Iieaviebt being at, 
the ceutre. If the various elemeuts were fret: t~ 
niove, a.s is the case in all natural or altificial igneous 
fluids, we must expect to tint1 t l ~ e  heavier rnelals 
bituated b('neat11 the others; ar~rl, fo l lowi~~g the. 
analogy of extra-terrestrial bodies, the cell tral t~uclells 
may be princil~ully iron, like tlie l~eavier meteors. 
Zoi~es correspondi~ig to stony meteors, lavas, the t~.;~,p 
farr~ily,a ~ l d  succeed i r~  orcfer, granites would r~at i~ra l ly  
the last ~ ~ a m e d  at  Tllis ourter being the surface. 
zone is also characterized by the prescllce of I I I I I ~ ~ I  

silica and oxygen. The primeval ocean carlle froin 
the vapors surrounciing the igneous sphrre, con-
densed to liquidity as soon as water could re111:iin 
upon the solid crust withoul i~unlerliate v :~l~or iza t io~~,  

'I'liis original c~ ,us t  may liare bee11 essentially a. 
plain, and conseq~lently entirely ~~overecl by w;tter; 
for if the land were uow levelled ofT, t l~eoc~ea~ i~voultl 
submerge every acre of the cout~i~~erits. As refrige- 
ration progressed, ridges anti v;tlleys wonltl f o r ~ ~ i  
in accortlai~ce wit11 that f u l i ~ l a ~ ~ i e ~ ~ t : t l  prilkciple tllat 
the outer e~~velope  to t l ~ e  sl~~.~ull icir  niust cotif'rirl!~~ 
nc~cleus; and this contraction gives 15se to tl~at, 
t;rrige~~tialforce or lateral pressure? wlricti Itas acten 
t l~roughall t i ~ i ~ e .  Wliether these earliest ritlgrs I.use 
above the ocran would t l rpe~~( l  I ~ullon tire a k l ~ r ) u ~ ~ t  I 

elev;ttior~. Some antkors argue tllat tliese 1.it1g1.s fol- 
low t l ~ e  course of great circles. I f  there are calises 
a d e q ~ ~ a t e  si~cll l .es~~lts,  or any ot l~erto, produce -
world-wide arra~lgenreut, ~ n ~ ~ s t  (.om--they liave 
nlericed to oprrate a t  the very b e g i ~ i ~ ~ i n g  coiitrac-uf 
tion. &[(>st ;~uthors i~iaiutili~i that  tlie very tliick 
strata of the older rocks have b p t ~ ~ ~  i'or~nrd jrcst like 
rno(1rr11 serlime~~t?;, having bern I)rokeu oif the Ir~lges, 
a11d tra~~sprll.terl illto o~eilnjc basilis ill I~orjzolrtwI 
attitude. If so, there I I I I I ~ ~have bcen grrat IIIULIII-

taillous elevatior~s, lleep oceanic deprrssitrli~, ii1111 
extri~+iv'eaqueous actioi~ ; si11t.e the tlli(!kllt!~s of tile 
cr!.stalli~ie schist.; is gr,eater t11ar1 that  of the stl.ata 
in tlie fossh1ifero11.s ayes. T h r  axnot~nt of distortion, 
c r ~ u ~ ~ l ) l i ~ ~ g ,  ofaud f a u l t i ~ ~ g  the crystalline pr~cks is 
also greater. 'J'l~ese same authors l1o1d that tlie 
original strata were ill all respects like 111o~1cr.ri sands, 
gravels, arid clays, and  that their present cryhtalline 
structure is due to n~eta~~iorplrism. KO one 11as yet 
discovered any uucrystall i~~e beds; nor pre-Ca~iib~iarl 



have the original foundation rocks been pointed out, 
since the oldest Irnown layers are stratified, arid 
-canl~ottherefore have constituted part of the original 
unstratified crust. 

Professor Dana thinks the primitive land originated 
becat~se of a difference in tlre rate of conduction 
of heat during the process of refrigeration. Cooling 
would be fastest where tlie heat was co~~docted  most 
rapidly. The first areas to cool would be the first to 
solidify. The first solidified crust was heavier than 
tlre adjacent liquid: so i t  sank until it found a 
fluid as dense as itself. Then the liquid above this 
crust would in turn become solid, and sinlr; and this 
process is supposed to have continued until a perma- 
nent sl~ell  had become fixed in the earth's circunl-
ference, wllicll constantly increased irl breadth and 
thickness, beco~ni~rgco~~tinelrts. Meanwhile the 
other portions rer~rained liquid; and their surfaces 
rnust have stood a t  the same level wit11 t l ~ e  first- 
formed crust till that congealed, and becall~e depressed 
because of the diminution of vol~rme in solitlifica- 
tioll. These tlepressions beca~ne the ocean's beds. 
From this begi~r~ling down to t l ~ e  present time the 
processes of growth have consisted in the thicken- 
i ~ l g  of the continents atrd tlle settling-down of the 
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of the others, affording us another illustration of the 
' survival of the fittest.' 

I t  s e e m  to us there is now afforded an  opportunity 
for reviving in a n~odified form the view of Poulett 
Scrope in regard to the origination of the earlier 
crystalline deposits. Suppose me say, that, besides 
the original ulrstratffied i a ~ e o n s  gra~litic material, 
t l ~ e  oldest stratified crrstalline rocks are derived 
from volcanic ejections; being the continued enlarge- 
ment in size, and reduc~ioir in number, of the early 
indeter~nir~atevents. The several ejections would 
increase in size till they became islands, either gneis- 
sic or granitic; and, if all archipelago is allowed us, 
we can easily sllow how continents would nccun~ulate, 
uqirlg only the universally acting forces of lateral 
pre9sure and sedimetrtarg accunrulation. 

Of other theories relating to tlie origin of the 
earlier crystalline betls I may mention two. The 
first is tlrat atlvocated by Lyell, who termed these 
roclcs hypogene. After the solid granitic crnst had 
been formed by ref~igeration, "tlre hot naters of the 
ocean held in solution tlre ingredients of gneiss, 
mica-sclrist, hornblende-schist, clay slate, arid marble, 
-rocks wlricl~were precipitated orre after the other 

oceanic depressions, while the chief force en~ployed 
lras been the lateral pressure derived frorti contmc- 
tion. LeConte and P w t t  expre<s tlie process t l i ~ ~ s f a r  
described by the term 'unequal radial contraction.' 
The  total gravity of tlre particles of 111at,ter along 
each radius is sopposed to be the same; and Irence, 
if the heat is co~~ductetl  most rapidly over the shorter 
radii comprised of denser minerals, the ocean-basins 
woultl cool first. These two views thrls demand a 
different arrangement of the lighter and denser 
~uatwials:  the one necessitating that the continents, 
and the other tlie depressions, were first to corlgeal. 
Both, however, n~alre the gratuitous and nnproved 
assumption, that  tlie surf;~ce was not uniform in 
co~upositlon; the differences being probably like 
that  between granite and trap. The principle stated 
above -that, wl~ere all tlre particles are free to move 
ill a liquid, tlre lighter elements rllust rise to the sur- 
face, and the hearier minerals sink down in prolior- 
tion to their specific gravity -is at variance with this 
ass~unptinn. Fortunately it is not essential to a right 
tlleory of continental growth. There is no reason, 
tllerefore, to doubt that the origirral crust had 
essentially a uniform tlrickness over the whole 
earth. Contraction would o r ig i~~a te  riilges and val- 
leys in the normal way, most liltely of similar 
dimensions. There must soon burst forth ejections 
of igneous matter, owirrg to tidal attraction; and 
these would sllorv themselves along tlre wealtest lines. 
A t  the outset i t  is difficult to assign reasons why 
either the elevat.ions or depressio~~swould be tlie 
~vealrer; and llel~ce we should look for a multitnde 
of locations of igneous overflow, both over t l ~ e  future 
continelits and ocenns. There mag be no better 
reason for the eventual enlargement of certain of 
tliese volcanoes than that circumstances only very 
sligl~tly favored them; but, this favor being con-
tinued, they would exist and enlarge a t  the expense 

in a crystalline form" (Lyell's Principles of geology, 
10th eti., i. 142). I n  life co111cl such a m ~ n % t r u u m ,  
not have existed. A very sirniliar riew was advocated 
by Dr. T. Sterry Hunt  in liis presidential address 
before this association in 1871. 

The second is the view Inore conimor~ly entertained, 
-t h a ~ ,after the solidification of the crust, sedimen- 
tation acculnulated stratified systems from the 
granitic foundations, as ordinary sand, gravel, and 
clay, which were subsequently acted upon by thermal 
and aqueous influences termed rne tanzo~) l~ ic ,mrd 
thus converted into crystalline schists. Tlle mide- 
spread and powerful action of isn~~~ tamorph i sm 
co~rceded; but it is a more appropriat,e adju~lc t  to 
volcanic than sedimentary accumulation. 

A few of the considerations favoring our theory 
will now be presented. 

1. Considering the igneous origin of the earth, 
volcanic energies woultl ~ ~ a t u r a l l ycontinue their 
action as soon as there was a cr~ls t  to be broken 
t l~rongh, and immerlse piles of melted rocli would 
ooze from the numerous fissures. Up to Laure~ltian 
tinies all adrr~it the ur~iversality of igneous o~ltflow, 
while bnt few llnve ventured to speali of arty thing 
like vo lca~~ ic  action, except as i t  has been ~nanifested 
in the formation of dikes in these early periods. 
There has been a tendency to class the ancient 
granites and porphyries with roclrs of sedimentary 
origin, and corrsequently to restrict tlie action of 
igneous agencies to pllenome~ia of slight importance. 
Several English writers, and, in our coulltry, Dr. 
Sclwyri of Canada, have been calling our attention 
to the existence of a volcat~ic group in later Huroniau 
or early Can~brian times. These are the rocks so 
largely developed abont Lake Snperior, New Eng- 
land, and the Province of Quebec, consisting of 
stratified schists, diorites, diabases, amggdaloids, and 
felsites, identical in con~posilion with true eruptive 
masses of the same name. Investigation shows that 
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oftentimes these scliists are disposed like the lavas 
ejected from one series of volcariic vents. Suppose, 
for exa~i~ple ,  that  Etna or Ve~uv ius  should become 
extinct. 111 the course of ages the rains would 
obliterate tlle craters, a ~ i d  reduce the lavas to a 
rounded dorne of greater or less regularity. We 
should recognize the volcanic origin of tlie mountain 
i n  the absence of craters from the litliological simi- 
1arit.y of tlie rocks to  those Iinown to liave been 
melted and ejected from vents, while tlie disposal of 
the material in a c o ~ ~ i c a l  attitude shows us that  i t  
might once have been covered by craters. So we find 
in our eastern country many domes of diabasic or 
protogenic schists, whose volcanic origin nlay be 
predicated, both from their lithological character and 
pligsical aspect. 

Now, this volcanic group of IIuronian times in- 
dicates the existence of a greater degree of igneous 
activity than has been described for tlie paleozoic 
ages, even those of Great Britain ; and consequently 
this is all indication pointing sig~iiticantly towartls 
the p r e d o ~ ~ i i n a ~ ~ c e  in the still of thermal i~~fluences 
earlier periods. I n  the Laurentian age the fires 
should have been get more vigorous, because the 
time of u~liversal igneous fluidity was less remote. 

2. A careful study of the crystalline roclis of the 
Atlantic slope indicates the presence of scattered 
ovoidal areas of Laurentian gneisseu. Those best 
known have beeri described in the Geology of New 
l1ampshil.e. Instead of a few large sy~icli~lal  trouglis 
filled to great depths with sediments, the oldest 
group is disposed in no less tliar~ twenty-two areas of 
srriall size, scattered like the islands in an  archipelago. 
I n  a chapter upon the physical history of the state, I 
liave proposed the theory that  the earliest laud with- 
i n  its limits consisted of this series of islands, not 
packed as closely together as now, in an area of per- 
haps three thousarid five hundred square miles, but 
as much niore widely separated as would be deter- 
rriine(1 by smoothing out the various anticlinals and 
~ynclinalsthat were formed later. By reference to 
our ma,ps in Maine, Nassachusetts, New Jersey, l'enn- 
sylvania, Virginia,North Carolina, a i d  Georgia, inany 
similar ovoidal Laurentiari areas may be specified, 
usually larger than those of New Hampshire. This 
may be due  p a ~ t l y  to a less thorough kno-vvledge of 
the  exact areas occupied by this oltler gneiss, and 
partly to the existence of a greater number of vol- 
canic vents, giving riae to a more widely spread arid 
thicker mass of ejected material. Over tlle Atlantic 
slope and Canadian liiglilands these primeval islands 
have, i r ~later periods, been cemented together by a 
s u b s e q ~ ~ e ~ r tdepositior~ of material; but in  Missouri, 
Arkansas, and Tt:xas, we recognize, even now, these 
early islands. 

3. Tirc litltology of the  Laurentian and other crys- 
talline r w k s  is very like that of igneous ejections. 
I t  is proper a t  t h i s  [mint to recall the proper restric- 
tion of the terln Laurentian. As originally defiricd 
by I ~ z a 1 1 ,it i ~ ~ c l u d e devery fortnation that  ante- 
dateti the I-Iuronirn. I u  the Report upon the geology 
of Canada for 1877-78, Selwyri proposes to restrict 
t he  Laurentian outcrops to  "all those clearly lower, 

unconformable, granitoid, or syenitic gneisses in 
which we never find interstratified bands of calca-
reous, argillaceous, arenaceons, and cong!ou~eratic 
rocks." The Hastings and Grenville series, a i ~ d  all 
the schists containing the eozoon, are excluded from 
t.l~e Laurentian by this definition, as well as the 
Bethlehem, Lake Winnipiseogee, and Rlontalban 
groups of the A t l a ~ ~ t i c  The Laurentian is slope. 
azoic, the other groups eozoic; and, uriless newer 
dislinctions are to be made hereafter, it looks as if we 
might claim these various azoic Laurentian islands 
as the first-formed dry land, as they certainly are tlie 
nuclei of the existing continents. 

There are no minerals in these Laurentian islands 
that do not occur in eruptive granite; and the schis- 
tose structure is of le~i  so faint that the field geologist 
need not be blanied if he acltnowledges his inability 
to detect il. Likewise we discover the same fluidal 
inclusions and the vacuoles that  pertain to granite. 
If we follow Sorby and Clifton Ward in saying that  
granite has beeri formed beneath a pressure equiva- 
lent to a weight of forty t l~ousand feet of strata, the 
s a ~ n emust be said of the early gneisses. \JTith this 
general aqsertion of the identity of gneiss and erup- 
t i re  granite, we must be satisfied a t  present, without 
entering into detail. 

4. The a~i~t logyof the origin of oceanic islands 
at  tlie present day suggests the igneolts derivation 
of the Laurentian areas. Most of tlie high islands of 
the l'acific are coinposed of lava, wit,h the volcanoes 
frequently in action. I l a ~ a i i ,  of the Hawaiian 
group, may illustrate their position and shape. I t s  
area above the water-line is 4,210 0 miles, and its 
cubical eonterits above the sea-level are about the 
same with those of New ITampshire. I t  rises from a 
plateau. over 16,000 feet deep, thus forming a.cone 
30,000 feet high, wliose cubical conte~its must be 
twenty times greater than the portion rnaking dry 
laud. The lengtli of the entire series of islands, all 
of similar character, is 3.30 niiles, arid the area of the 
base of the lava must be about 100,000 o miles. 
These coties liave beeu built up by the accumulation 
of lava ejected from the interior of the earth, and they 
are entirely isolated, the  nearest land being 1,000 
niiles distant. The ground-plan of this volcanic 
lnass is that  of two elliptical weas, either of wllich is 
like some of our Laurentian islands, and is certainly 
as large as any of these ancient lands south of the St. 
Lawrence. Tlle land area of the I-Iawaiian Islands is 
less than that of IvIassachnset,ts, but their base must 
be equal to tihe whole of New England and Nerv 
York combined. Surely it cannot be avowed that  
volcanic areas are too small to be conipared with the 
space occupied by our oldest for~natiou. 

Tlle so-called lowlands are likewise of volcanic ori- 
gin;  since coral polyps have built up  reefs upon the 
igrlcous area after the disappearance of the fire, and 
tlie Hawaiian areas are encircled by reefs. After the 
volcanoes have become cold, loose material would be 
worlted ir1 between them, coral reefs would grow, 
and, in various mays, the land area w-ould be enlarged, 
arid finally an  archipelago nlay become a large island. 
I t  needs only time and a repetition of these construc- 



tive agencies to  ~nalce a conLinent out of a series of 
archipelagos. 

'Tl~ereare two points requiring explanation in this 
c o n ~ i e c t i o ~ ~ ,  the supposed deeply seated locali- -first, 
ties where gra~rite ia protlnced; and, second, tlie ori- 
girl of foliatiou ill the schists. 

\\'e sl lot~l~l naturally expect that  the earlier igneons 
rocl i~  would I~ave been deriveti i'rori~ reservoi1,s quite 
near the surface, because of the thinness of the cruat. 
iVith this notion agrees tlie preserice of cavities con- 
taining liqnid, a1111 of hytlrated minerals, w l ~ i c l ~  are 
more coiiltno~l in the older eruptive rocics, a ~ ~ d  have 
let1 to the aqi~eo-jgr~eoos tlieories of the origin of 
granite. \Vater ~ t ~ o u l d  be scarce a t  great depths, and 
l r e ~ ~ c etilese rocks ought to origiliztte trear the surface 
wliere ~ ~ ~ o i s t u r e  I t  seenis to 11s that was abnndatrt. 
I his consideration should luore than balance t,he argu- 
ulents ~ l s ~ ~ a l l y  cited in favor of the origin of gt,anite 
;kt ellomlous depths, as i t  is diBcult to see how both 
can be true. 

Xr. 11.C. Sorby 11as led the way i l l  stutlies of the 
rrrir~eral constituents of eruptive roclis. 1le rrleasures 
tl~f: irlcl~~tlcd cavitie. ill rlie cornpot!e~rt niilretals, and 
calculates 11ow ~~ruclk substances ruust the cont: t i~~ed 
Lave co~~tr:tcled in cooling, allowir~g for :krr increase 
in the tcn~prrature o f  t11c poirlt of vaporizatior~ nztrler 
jweriure. By a * s u ~ ~ ~ i n g  cor-tlre temperature to be 
rectly tletermii~ed, he ascett;tias the arrlo~lr~t of press- 
lire i11dic~att.11by nlntliematical formulae, a~rtl tinds 
it to be the equivaler~t of a thickness of 40,000 fret 
of overlying rocli in Corr~is l~  granites, and of 60,000 
feet ill Scotch g~arlites. Later writers seen1 to have 
regarded this pressure as certainly prodt~ceil it1 tJre 
way tlrus suggested, and tliat, its apljearallce at  
tile sl~rface 11;~s bee11 due to an  etlorrnous e~osiori 
wl~icll lias d01~11rIed llie overlying blat~liet. This 
concl~isior~is not neceqsary; for, lo, all enorrrlocls 
pres>urt> woultl result fro111 the tangrl~ti:tl force of 
co~ttr:ictio~t,w l ~ i c l ~  entirely atlequ:~te to ~vonltl be 
11;~vr~~ro~luc.ed zO. Tilt: 11ecessit.y of all the c:tvities. 
er~)sionof 40.000 fret over all tlre grirnites ill every 
l'art of tl~tt worlcl cantlot be ~naintaillrtl. 111 North 
A!llt.t.ic:a, for exall~ple, it would necessitate the sap- 
~~(j . . i t iol~ tllicklless rockt,llat ~learly eight miles' of 
llitd been rt~moved fl ,on~ o~~e-fourtl l  of the surface 
since llie Lac~t,entian. for the blarlkrt rrrnovetl would 
11at~eeq~~ailetlill dinie~isio~ra tlte cryst:rliirre areas. 
1.111? utert-. staterrtel~t of tlie amount of de~iutltltior~ re-
quireti refutes the theory. 3 O .  U y  refererice to taxisling 
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we car1 nnderstand how i t  is that the vacuities are to 
he seen both in granites ant1 l aws  that have bet.11 sub- 
jected to great pressure. At tile Boatoll ~ l~ee t iny  of 
this association 1endeavored to show that there are 
moulrtain lrlasses of g r a ~ ~ i t e  in New Et~uland yosseas- 
irrg all the plrysiccll cl~aractel~istics of volcanic col~rs.  
Tile material inust have beer1 liquid, hot, ejected 
fro111 a vent, and flowed over a plateau, bui ld i~~i .  up a 
cone, at111 inc11u.ati11g the urrdel.lyi~~g i tfloor. was 
clainled that p l ~ e r ~ o n i e ~ ~ asuch could be expiailled 
only by supposil~g the granite to have been erul~ted 
just like lava. Tliis granite colitaineti the usual 
vacuities iudicative of great pressnre jitst a, t l~ey 
are also found in the lava of Monte So~ulua or the 
tracl-iyte of I'orrea. 

\Vhen one exiimir~es the interior structure of rr~od-
ern lava-flows, lie is surprised to fir111 beds i~eitrky c l ~  

well tlefi~retl as the foliatiol~of schirits. Aroulltl 
vents like Veauvius or E t ~ r a  the lava acc~crrrulictes 
~laturally in quaquaversa1 sheets, 110 olre e r c ~ l ~ t i o ~ i  
heing very extensive. \Vhe~i steain a~lt l  hot water 
are col~iously sul~l)lieil fro111 rhe t,aldror~, there nlay 
be flows of hot lrictd a ~ r d  tufa. T l ~ e  clorir~g 1th;tht.s 
of er11l)tioris are usilally showers of a5lles falling 
upon t11e corle or beyond. If tlie vrrlt is br~~e;ktll the 
ocean-level, the lava is ~uinutely sc~btlivi~lrtl a1111 the 
deposit will be like sand or gravel. Bettveeri tile ig- 
rreous flows the ordir~ary aqueous age~~c ie s  will wear 
off excre*cences, and scatter the fragnrerlts dolt r l  the  
slope. These v:trions ageilcies wiil ~ ~ o d u c e  a con- 
centric stratiform arrangcrllrut in the whole niass. 
Where tlle eruption is massive, a siu~iiar set of layers 
will be formed. 

This lnass of volezanic 111at1~riaI \%-ill b ~ !  very sus-
ceptible to nietalnor.l)liic i~rfluences ~vllen jiiaced 
u11dt.r tlre propcr co~~di t ionsof 1le:tt an(l 1)recsut.e. 
As the result, new init~er~als will I I ~ !  formed, a~ . r a~~ge l l  
in foliated beds or scl~ists. T ~ I L I ~  brietiy stittetl rrr;ly 
be tlie origi~i of foliatior~. So  long ago a* 1823, 
l'or~lett Scrope atlvocated esse~itially Illis t loctri~~o for 
tlie armllgenlent of the crghtallii~e particles in tilt: 
cryst;rlline scllists, having f o ~ u ~ t l  arl alralogous struc- 
ture ill certain volcanic sccu!nctlatior!s. 

S r~ fEc ie~~ t  ourhas ]row heell said ill advocacy of 
doctrine tliat the first land co~isisted of vc~lcar~ic 
isla~~tls.  This was tile Laurentian or azoic accurrlu- 
lation. Canograpliers have uc)t yet  tlisting~risl~edt,lic 
several crjstalline deposits, so that. it will not be 
practical~leat  presei~t to point out the suppose~l vol- 

volcanoes, it is plain that a co111n1n of lava mill o f t r ~ ~  canic areas of the IIitstitlgs, Grenville, Montalb:t~~, 
he a(l~~c(uat,e Tc+lreriffeto exert tlie needed pressure. 
rises 12,000 feet above tlie ocean, arrtl its cone de- 
~ c e ~ i t l slh',000 fect ~ r ~ o r e  t,l~e srtbr~~arirre to plateau. 
Wtlerr the critter is full of nrrltetl lava, there rr~nst be 
n p r e s s ~ ~ r eof 80,000 feet at  the base of the colie: 
I I~IICHtlle lava froni the resel.voir supplying 'l'eneriffe 
nligl~t exhibit the vacnitie* l~roduced l)y a llresiure of 
30,000 feet without any weiglit above the peak. 

\Vlier~ 111o1ten lava ponrs dorrri the side of a crater, 
tile i~iclu~letl liquids ~ u u s t  disappear he- vxpors u ~ ~ d  
cause. of tlie rc.mov:tl of the pressure; but, aftera sub- 
stantial cruht has foruied, the peculiar rr~arlrings 
i luprin~ed a t  [lie great dept l~  would rel11ai11: hence 

l luror~ian,  and ot l~er  eozoic periods. Setfilllenta~ion 
would also act so tliat ill this age Inany becis urtist be 
referred to an aqueous derivaticm. By t h e  close of 
the eozoic tlre continent was oullirled; or a t  Itlast the 
fran~ework of the future superstructure mas l ~ u t  into 
position. The bl.oader patches allout to be tne11- 
tioned had their o r i g i ~ ~  ill tlie earlier llunlerous is- 
lands ceinented by tletrital accil~nulatior~s. 

The lnorc itnportant areas developed 'ill tile eozoic 
must have beer1 Oreenla~~ti ,  Canada east of Lltlie 
Wil~r~ipeg, Atlaritic lioclzy 1iout1- the district, the 
taini, the Sierra Neva~ias, at111 nurnerous buttes over 
the Cordilleras. The three great depressiolis of Hud- 
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son's Bay, the Mississippi valley, and the Salt-Lake 
antl Nevatla hasins co~nmcmcetl to sink very early, 
and the future growth of the continent consistetl 
largely in filling thein up witll nrarir~e sediments. An 
inspection of a map drawn upon a correct scale will 
dissipate the fa~rcirtl rese~nblance to the letter V, 
jn the Calratlian dominion, so often insisted upon. 
Neit,lier has the developmmt of tlie land bee11 in 
bands parallel to the north-west and sontli-east arnrs 
of this supposetl angle. A better conception wdulcl 
fi11i1 three great b:isins, excluding t l ~ e  unk~ iowr~  re-
gil~ns of Mexico and Alaska, in  each of which opera- 
t i o ~ ~ swere ctonducted irrtlepentle~~tly. The best 
kr~own is that of the i~rterior of tlie United States, or 
I I I ( ?  Mississippi hytlrographic basin. This depression 
wa- nc.a~.iy rncircletl l)y a cry~t~alline bortler bf high 
Iairtl. 13cginrring at  Alabama, TTe follow it to  Wetv 
Englantl, ther~ce by a slight gap to tlie Atlirondack 
promolltory, t , l ~ r ~ ~ c e  across tlie Lakes to the Dalcota 
1)rornontorv. Irr RIir~nesot,a ant1 Dakota the sclrists 
are more or IPS* covered by cretaceons clays and ter- 
tiary sallds; h ~ ~ t  they evidently constitr~te the floor 
for the sitrface stratat~cca~ionally piercirig througll tire 
later deposit, as in the filaclr Mills. Thns we may 
con~rect tlie 1)altota and Rocky Nol~ntain crystal- 
lineq. From Wyon~ing southerly the granites are 
again cotispic~~ons T11u.s the cir- into New Mexico. 
cuit is liot complete: it is like a l~orseshoe, with the 
lower &li*si~sippi valley in the gap; yet this rnay have 
been filled in the Cnrr~b~.ian,age, since Lanreritian 
islat~d*are found in 'Yexas, Arkansas, and Bli~soari. 
We rr~iglit give rras ?ris for believing in the recr~rt  
origin of tlre depression between New Mexico arrd 
Alahary~a. 

The map will show, around the borders of this 
Nediterrar~ean Sea, the primordial sea-beach, whether 
examir~edin Virgiriia, New York, Michigan, Colo- 
rado, or Texas. Could we dissect the land, we should 
find an  i~rrmtmse platter of Cambrian sediments co-
extensive with the crystalline h igh la~~ds  surrounding 
and unllerlyirrg it. I n  Ciimbro-Silurian times tlte 
story is rept?;~ted. I larine limeitones formed other 
dislres, each lin~itetl in size by the npturnecl etlges of 
the platter n~rdet.neath. 'Pl~e rest of t l ~ e  history is 
given ill our text.-1)oolcs. Our Iletliterranean Sea was 
]lot closril till the rnct of the cretaceous, when the 
salt-waler was espclled, never to  return. 

In  t,he west a similar ovoidal, crystalline border can 
be tracrtl, holtling paleozoic sediments. Brginnit~ga t  
the Roclry 3S\lountain chain in Wyoming, we follow 
i t  southerly to Mexico. Across Arizona are many 
gneissic ontlines, hnt not sufficiently numerous to  
close the gap. I n  California we reach a country en- 
tirely gneissic her~eatll the sands of tlie desert, which 
corr~rects with the Sierra Nevadas, and is traceable 
along the Nevada line nearly to Oregon. There the 
course is changed, the roclrs trend north-easterly, 
*how themselved conspicaollsly in the Blue Moun- 
tains of eastern Oregon, the Salmon River 11o1u1- 
tains of Idaho, and western spnrs of the Rockies 
again in Montana, which are continnons to our start- 
ing-poi~~t  Our crystallines do not, passin Wyoming. 
nortlr of the parellel of 4 9 O  into Colul~lbia. We have 

therefore found a complete crystalline bortler for the 
depressions of orir western territories, and, \vithin 
this ovoidal line, all the ~nembers of the pttleozoic, 
mesozoic, ant1 cenozoic groups, but not arranged miti) 
the siml)licily of their distribution in theeast. 

Less is known of tlre a ~ c t i c  basin t l ~ a n  of the 
others; hut the scattered slretches afforded hy vog-
agers indicate the presence of tlre more irnporta~rt 
menrhers of the geological column. Where t,llese 
basins adjoin, there is a n ~ u c h  wider area of ancient 
land. 

I n  conclnsion, I will simply recapitulate the more 
in~portant phases of the growth of o u r  continent. 

We  start with the earth in the condition of i g ~ ~ e o t ~ s  
fluidity. 

I t  cools so as to  become incrusted and covereil by 
an ocean. 

Nunrerons volcanoes discharge melted rock, bniltl- 
ing np ovoiclal piles of granite, which c1)ange gradu- 
ally into cryst,a!line schisLs. When t h ~ ~ s e  arehills 
high enough to overloolc the water, tiley co~~s t i t u t e  
the besinnirrgs of dry land. 

At the comrnencemerrt of paleozoic time tlie conti- 
nent is cornposetl of three immense basins, locatril 
near E1ndson7s Bay, the Mississippi hydrographic area, 
and the great Nevada series of land-locked valleys. 

The later history of the developmerrt of the cot~ti- 
nent presents the det,ails of the fillins-up of the.e 
dep~,ession*,the espulsion of the Mediterranean scans, 
a1111 the clescription of the varied fonns o f  life t l ~ a t  
snccessively peopled the la11d antl water. 

The history opens with igneous agency in the  
ascendant, Aqneons and o r g a ~ ~ i cforces hecame 
conspicuous later on, and ice has put  on the  fil~ish- 
ing touches to the terrestrial conto~xrs. The am-
pleted structure we must acknowledge to bo 'very 
good.' 

NOTES -4 N D  NEWS.  
Our learling article of Jnne  29 was l>aserl in 

part upon a mistake, which we draire to  rorrect,. 
F o r e i g ~ ~periodicals received by mail in single nlurr- 
bers have not been dntiahle within tlie last five year.r. 
Nevertheless, the writer of the article, who snbscribrn 
to three foreign scientific journals, and receives then1 
by mail, hail been forced to  pay duty on eacti r~umher  
for the past nine or ten nlonths ; and the same has 
been the case with others of onr acquaintance. Our 
post-ofice regnlatioirs are so frequently cha~rtred tha t  
one can rarely tell whether he is the vietirn of a 
blunder or a whim. 

--%I.,Pasteur, who has just obtained a grant of 
fifty thousand francs from the French Chambers to  
$end a scieritific misqion to Egypt to investigat,e 
whether the cholera be not due to the  de~~eloprnent 
of a microscopic animal in the human horly. statrs, 
in a letter to Voltnire,the  reasons which ind~tced hi111 
to  recommentl the board of health to send out the 
mission in question. He says, " I urged tlie senrlirlg- 
out of this niission on account of the great progress 
that  science has made since the last cholera epldernic 
respecting trar~smissible diseases. Eyery one of those 


