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been made under Prof. Tliilrstoii's direction, shows T H E  CRYdTALLILVE ROCIiS OF THE
t>hat the final dednctiotl is s~~bstiintially A' Of iTI$- Tt7EST.1

the same for 

all tlie usually at>tainal>le conditions of practice, aiid 

fnrther, that, of all the available fluids, steal11 is CSTII,very recently, it has been the practice of 

fortr~~lately geologists, almost mitllont esception, to refer e r e q  
t,lle best. 

That the results of scientific investi~ation niay be crystalline rocli in t,he nort,ll-!vest citlier to tlie 
tlie niore readily appreciated, it is necessary tliat tlle Hnroniaa or to t,lle Lnorent,ian. 1:ut n-lien, on Inore 
study of physical science sliould be more t,llorongli carefnl exan~ination, it is found that tliis nornencla- 
in our scllools. The st,ereot,yped argunlent for tlie tme  is itnpe~fect, -re are tllromn illto illucli ilifEcl11ty 
retentioii of the oltl syste~li of eclncation to the es-  and doubt. In  order t,liat sonle of the cliflici~lties of 
clusion of the new, was, aiid is t,o-day, the n s~e r t~ io~ l  tlie sitantion may be made clen,r, P1,ofessor ~ ~ 7 i n c l ~ e l l  
tliat the old systern strengtheried the intellect and proposed to review concisely the broad stratigrnpllic 
broadened the vielrs of t , l~e student, wliile the nem distiilctiolls of tile crystalliue roclcs t,liat ha^-e lately 
subjects are ~ x e ~ e l ~  been st,uilied in BPichigan, Wisconsin, and Niriiierota. ztsqful;  but the wisdoili alld t,he 
expediency of a modification of old ways, ill this re- Olilit,ti~lgtlie igneous rocl;s, TI-llich iii the for111 of 
spect, is norv rapidly becon~ing aclinon~ledged, alicl dikes cnt tlirougll t,lie sllales and sal~dstones of the 
the new eclncation ]nay be considered as fairly ailil cnpriferons for~iiatio~i,and are interbcdded wit11 
safely irltroduced. Science ~vill never, nre may be them in the form of orerflovs, n-e 111ay corlcisely 
snre, clisplace entirely t,he older departments of arrange the crystalline roclcs, disregariling rnirror dif- 
educatio~i; bnt science will l~eilcefortli take a place ferences aild collati~ig oilly tlie 1)road stratigrapllic 
i~eside t l le~u as no less vali~ahie for rneiltal ilisci- distinctioils, in the follo~vin:: maililc~., in clcsce~lili~lg 
pline. order: lo. Granite and gneiss ~ v i t h  gabbro; its 

With science recogiiized as a respecta1)le compa~lio~l tliicialess is unknown, but certainly reaclles s e ~ e r a l  
of tlie dead la~igunges, Ire sllnll have better trained Iiimdred feet. 2 O .  N ic :~  scliist; rnasinlarn t l~ick-
studeilt,s, -~ tucle~l ts  who ~vill be better able lo lead ness, five tliousnnd feet,. :;O. Carbo~laceoi~sarid 
in tlie in~lust~ries, aiid so aid lllat,erial l>rosl~erity. As arenaceons hlncl; slates, all11 I~lacl; lllica hcliists ; 
i t  is the dnty of gorern~l ie~i t  tllic~liness, trenty-six liiu~ldrecl feet. .iO.Ilydro-micat,o so reg11l:ite affairs that 
each mall rrlay linve t,lle porver of improving liis co~i- aild ~na.giiesian schists; iilasirlluiil thicliness, forty- 
dition to tile ntmosi, so mill it be the duty of science four h~uidred and fifty feet. so.Quartzite and 
to poi11t oilt to gorerilnient liom it may direct it,s rnarble: norrnal thicliness, fro111 four Ilundreil to 
regulatio~ls to the greatest actrantage of the individ- a tlionsarrd feet. Go. Granite aiid syenite with liorn- 
ual. >Ten of science, each in his onrii department, are but very great. bleiidic schists; t,liickiiess nnl<t low~~,  
tlie n a t ~ ~ r a l  adrisers of the 1egislat)or. Citize~ls and These six great groups cornpose, so far as can be 
legislators are both entitled to claim this aid froin stated no.ir. tile crystalliile roclis of tlie north-n.est. 
those ~ 1 x 0  have made the scieilces of the several arts 'rl~eirgeograpiiic relations to tlie no11-crystalline roclrs, 
their special. study, and from those n.110 have devoted if not tlieir stratigraphic, hare been so n-ell :iscerlained 
their lives to the study of the scie~lces of government, that it can be stated confidently that they arc all 
of social economy, and of ethics. older t h a ~ i  tlie cupriferous series of Lake Superior, 

Of all the Inany fielcls in n,hich tlie nien of science and hence do riot consist, of, nor include, rneta-
of our clay are ~~-o rk i~ rg ,  rnost nearly cull- murphosed sctlinlents of Sili~rian, or ally other age. that ~J- l~ich  
cerns ns, ;rilcl that  which is of ~liosl; esse~rtial i~npor- The term ' Siluriau ' here is unilerstoocl to COT-er ilotll-
ta~lce  to the people of oar time, is that tlepartment ing lbelo~v tlie base of tlie Trenton. 
of applied science wliicli is most closely related to Esamining tliese groul?s nlore close1~-, y e  filid: 
the i~idustries of the n;orld, -nlechanics. The de- lo. TTe hare, beneath the red tilted shales and sancl- 
veloprrlent of liem irldustries heco~iies as much n part stones, a great granite :ind gnbbro group. Tile gall-
of tlie n-ork of science in tlic fatare as is tlie i~nprore- hro is certai~ily ernpti\-e, i ~ u t  the associated granite 
ilient ef those now existing. Tlie r~cw illduslries and gneiss are probably ~iletamorl?hic. Tlle gabbro 
nus st evidently be lvaiuly sliilled incii~stries. ailil mnst does not al\vays appear ~v1iei.e the gr:~nite is present; 
affol~d c~nplogment to tlie niore intelligent and more bnt ill ot,ller places these rocks are il~lricately ~uingled, 
finely endowed of those to w h o ~ ~ l  although tlie gabbro can be considered in general as o11r uiiodern systenls 
of education are offering their best gifts. The enor- the mlderlying forniation. 2 O .  Delow this granite 
mous advancelne~lt of the intellectual side of life and gabbro groap is a series of strata tliat rnay be 
must inevitablr, it would seem, resuli in the pro- desigl~ated by the general tern1 '11lica schist groap.' 
duction of a race of rrlen peculiarly adapted to sncli This division is penetrated by veins and ninsses of 
en~ironinent  as scieirce is rapidly prociucing. Thus red biutite-granite, mliich appear to he intrusive in 
accoiuplishing, ~u lde r  the guidauce of science, sucli so~nerrhat tlie saiue Illalliier as the red granite in the 
tasks as lie before him to accorllplish, the 'coni- gabhro. These granite veins penetrate olily throng11 
ing 1ua11,' v i t h  liib qreater frontal ilerelopment, his the overlying gabbro aud this underlyiilg mica schist. 
increased mental alul nen-e power, liis growing en- 
durance and probn1)ly le~lgthening life, vc-ill he the Abstract of an  :aiiilress to the sc7ction of geology and ge-

ography of the American as~ocietiun for the ofgreatest of the prodncts of this scientitic derelop- dciellce at Phil~idc.ll~l~i;l, 
adr,~i~ceii ient  

Sspt. 4, by l'rof. S .H. '\VISCIIEI.I, of thc 
~nen t ,  and the iloblest of all these ~ ~ o n d e r f u lUniversity of 3iinnesot;1, hlinneapolis, AIinri., T-ice-p1.esiilcnt of 
~vorks. tile sectio~l. 
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T11ey are wanting or co~liparatirelg rare througl~out 
the rest of the crystalline roclis. So. The next lower 
g r a ~ ~ i i  tlie 'blaclr mica slate clivision might he s t ~ l e d  
group.' This group contains much carbon, causing 
it to take the form of graphitic schists, ill ~vl~ic l i  the 
carl~on soinetiiues ainounts to over forty per cent. 
These schists are frequently quartzose and also fer- 
rugiiious. ,issociatecI with these blacl; iilica slates, 
~r l l ich  often appear also as dark clay-slates, are actin- 
olitic schists; the whole being, in soiie places, inter- 
stratified ~ v i t l ~  4 O .  Ui~derneath tliis isdiorite. a 
very tliicli series of obscure Iiyclro-micaceo~~i and 
greenis11 magnesian schists, ~ l ~ i c h ,in along ~v i th  
gray ijuartzite and clay slates, occnr tlie most ini-
portmlt cleposits of hematitic iron-ore. This clivisioii 
of the crystalline roclis has nunierous heavy beds of 
diorite, jO.Gelo~v tliis series of soft schists is the 
great quartzite and marble group. The nlarble lies 
above the quartzite, ancl in the AIenoininee region 
lias a nliilimuiii thiclaness of at  least a thousand feet. 
Tllis is a rnost persistent and well-nlarlaed horizoxi. 
111 llortherll ;IIinnesota, the great slate-coiiglomerate 
of Ogishlae J[mlcie Lalie, yvith a tliiclirless esceeci- 
ing six thousand feet, seeln.: t,o represent the lover 
portion of the great quartzite of this gronp, and to 
be the equiva1i:iit of the lo~ver slate-conglomerate of 
the 'typical Huroiiiail ' in Canaila. 

S o ~ v ,the clifficulties of the sitaation arise when v e  
ca,t about to find llames for these parts. 7TTllat are 
the eastern represeiltatives of these weslern groups, 
and by ~vllat  clesignations sliall they be Bno~vn? 

TJ7e nieet, at the outset, ~ ~ 5 t h  tlie question, I s  there 
a for~natioii such as clai~ned by Eminons, -the Ta-

Ne~v  Tor!;, he had sonle foundation more substantial 
than imagination or mere hypothesis. 

If me exanline the descriptions given by Dr. Ein- 
inoils of his Taconic system, we sha.11 find that  he 
nialres the following broad stratigraphic distinctions: 
lo. His liigliest nienlber is nrliat he  designates 'black 
slate,' wllicli he  cleclares, in some cases plunges ap- 
parently beneatli the ' ancient gneiss,' and contains a 
considerable ainount of carbonaceous matter. 2 O .  

Under the blacla slate his nes t  grand distinction was 
the so-called Tacoilic slate, n-hic11 11e described as 
argillaceous, siliceous, arid ' talcose; ' tllicliness about 
two thonsancl feet. :3O. Below the great inass of soft 
schists, he  described a mass of fire hundred feet of 
limrslone, desigiiated 'Stoclrbridge limestone,' which 
graduates clomii~vard into ' talcose' or mngnesiail 
sandstones and slates ; the whole having a thic1;iiess 
of about seventeell hunclred feet. do. Glider this 
limestolle is liis 'granular quartz ' roclt, inore or leis 
interstmtifiecl n-ith slates, and beconling, ill soirle 
places, an iininense conglomerate ~ i t h  a 'cliloritic 
paste.' jO.The 'ancient gneiss,' on which the Ta- 
conic s ~ s t e n l  was said to lie nnconfonnably. 

Sow,  i t  requires but a glance to perceive h o ~ v  clearly 
this orcler coincides with that which has been inde- 
pendently and laboriously rvorliecl out in the north- 
!Test. We have in both instances a 'black slate,' arid 
below this in both cases is an  inlrnense series of soft 
hydro-mica and rnagnesian schists. These: again, are 
follo~ved by crystalline lin~est~one, or marble, which 
changes do~vnmards to slate, and a hard sand-roc!;. 
Gelow this is the great bed of quartzite; n7hich is, at  
the base, coarsely conglomeritic \\,it11 masses of roclr 

conic? 011this geologists are yet divided. H a ~ ~ i n gfroin the great, uriderlyiiig series of gneiss. 
@\-en the subject very careful consicleration, Professor 
TT'inchell was ready to state liis rery positive convic- 
tion that Dr. Er~linons mas essentially right, and that 
tlie Taconic group -cr.ill have to be recognizetl by 
geologists, anti adopted in tlie literature of America11 
geology. 

111tile first p1,eseiitation of tlie Tacoiiic system, Dr. 
Eminons este~iclecl it geographically too far cast, and 
anfortunately chose a nanie for it which is appropri- 
ate only to a part of that east~varil estensioli. Dr. 
Enimons's claim, ho~vever: i n  all its esse~itinl points, 
r~ ina ins  intact. Tllis consists in tlle esistence of a 
series of setiimentarj- deposits, largely metamorphic, 
below tlle l'otsdaiil santlstoi~e, and separatiiig the 
Potsclaln froin the crystalli~le rocks Irnorrn as ' p i -  
mar1 : in an orderly chronological scheme. I t  is not 
i~ecessaryto refer to tlle controversies that arosefrom 
the creation of the imaginary Quebec group, nor to 
characterize in deserved terms tile attempt to bury 
tlie Taconic in the ()uehcc coffin. 

Tliere niay he reasoils n-hy the current l i terat~ue 
of Aiuericail geology is allilost silent respecting the 
great \vorl< of Emmons, arid why the Taco~iic is :lot 
Buo~rn anlong the recognized geological for~nations. 
But v e  have notliing to do with these at this time. 
TVe have irom orily to say, that it seems necessary to 
adinit, that when J'r. Einmons insisted on a great 
group of strata l~elonging to the age of the lower 
Cambrian, lying belox tile Potsdam saud-rock in  

71-e are now, h o ~ ~ ~ e r e r ,  corifronted wilh anotlier dif- 
ficulty. The geologists of Nichigan and TVisconsin 
have set aside Dr. Em~nons's  identification of the 
hlenon~inee roclrs x i th  the Taconic, in ISiG, aiid hare  
called them Huro~iian.  I t  becomes necessary, there- 
fore, to ascertain of v h a t  the H~uonia11 systein con- 
sists. 

The 18,000 feet of the Huronian system on the 
shores of Lake Huron include 000 feet of limc:stone, 
2,000 feet of ' chloritic and epiclotic slates,' ancl 15,100 
feet of quartzite and conglornerate. Perhaps 5,000 
feet of this tlliclrness may he considered intrusinl. 
This will leave 12,000 feet, at, least, for the aggregate 
thicltness of quartzite and coaglomerate, being 
nearly doable that observed in the same liorizon in 
northern 1\Iinnesota. I t  is plain to see, that, if there 
be any parallelism bet'iveen these beds and the rarions 
groups inade out in the north-vest, the whole of 
these strata nlust be inade the equivrtlent of group 5 ,  
or tlie quartzite and niarble gronp. 

There is, therefore, a conflict betrreen the Tacoilic 
ancl the Unronian, both in resisect to the llorizoll 
wliicll they are intended to corer, and in the hori- 
zon of rocks 71-hich tlley actually compass. The Hu- 
roiliaa, ho~rever, in its original and typical descrilj- 
tioil, call he parallelizecl with oiily the very lo~vest of 
the strata that yere  inclutled in the typical and origi- 
ilal Taconic; while tlie Taconic stretches ap~rarcl  at 
least as far as to inclltde the fourth and third grand 
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groups made ont in the nortli-vest ; that  is to say, 
the hyclro-mica and magnesia11 schists, and the car- 
bonaceous arid arenaceoas blaclr slates. 

This leaves two series of roclrs untouched by the 
scope of either the I-Iuronian or tlie Taconic, as these 
systen~s were at  first definecl ; namely, the mica-
schist groap, aud the granite and gneiss with gabbro 
group. I n  the term ' Mo~ltalban,' proposed for these 
groaps by Dr. Hunt,  the two are united; and the con- 
stant clistinctness whicli they seem to nlaintain is 
not recognizeil. The granite and gabbro group has 
aflinities v i t h  the overlying cupriferous roclis, and 
perhaps, as Irving has suggested, slioulcl be cousid- 
erecl tlie base of that serics; ~vhereas the mica-schist 
group has, without exception, been assignecl to iiie 
same system and age as tlie underlyiiig groups. The 
granite and gabbro groap has liliewise been designateil 
differeii.tly. The gabbro has been callecl Laurentian, 
Labradorian, arlil Norian ; ancl the granite ancl gneiss 
have received, ruider one of their inodifiecl conclitions, 
the special designation Arvonian. Professor Win- 
cl~ell thought lie had already sllown that the Arvo- 
niari roclis are i~iterstratified wit11 the cupriferous, 
ant1 are rrlodifiecl sedinlents of that series. Tnsteatl 
of being near the b o t t o ~ r ~  of the '13uronia11 ' in the 
nortli-west, tliej. overlie all the groups that have bec.11 
assignee1 to the Huronian by Irving, and constitute a 
parL of the great series of younger gneisses, which 
l ~ y  Brooks has been niarkect as the 'youngest IXu-
ronia~l.' 

I t  is eviiler~t, that at  present i t  is an inlpossible un- 
clertalring, to assign the groups of the crystallille roclcs 
of the north-west to any of the terralies that have been 
iiatued farther emt, without v io la t i~~g somebocly's sys- 
ten1 of nomenclature. Respecting the horizo~i Imon-11 
as ' Laurentisn,' there is an approacli to unanimity 
ancl agreement. This, however, consists more in a 
tacit; consent to style the lovest lilrown roclis Lau- 
reiltian, than in any agreenient among geologists as 
to the nature and conlposition of the strata. Tlie 
Taconic of E n i i n o ~ ~ s  Thehas been generally ignored. 
origi~ral Huronian has groxvn frorn the clinleiisioiis of 
a si~igle group (the quartzite a r ~ d  marble group), so 
as to i11c1ude all tlie crystalline roclrs lying above that 
group, spreading fl.orn tlie Laurentian to the 1111-
changed scdirilents of the upper Cambrian. This 
has in sorlle cases becollie so obviously wrong, and 
has i~icluded groups of rocks so plainly extra-Hnro- 
nian, that a double and triple ilorne~lclat~lre has been 
applied to a part of these upper roclis. These new 
narnes, with the exceptioii of the name 31ontalbai1, 
seein to  be of vulue 0111)-as regional designations; the 
strata \vhicIl they represetlt being iglieous or nieta- 
niorl~hic, and lle~lce liable to be wanting in some 
places, and to be non-crybtalline in others. They flu.-
ther complicate the stratigraphic ~io~neliclature, since 
they are probably only the locally ~nodified lover 
parts of tlie New-Yorlr system. 

I n  conclusion, the ellief points brought out in this 
discussion mag be re-stated more coacisely: 

I. The crystalline roclrs of the north-west are com- 
prised under six well-marlcecl, comprehensive groups. 

2. The Tacoiiic of Enlmo~is, so named in  1842, ant1 

Inore correctly defined in 18-16,incli~decl tliree of those 
groups. 

2. The I-Iuronian of Canada is the equivalent of 
the lowest of tile Taconic groups, alid the perfect pal- 
allel of only the lon est of the g ~ o u p s  in tlie north-west 
that have been designated Huronian. 

4. Tlie uppennost of the groaps 111tlie r~ortli-west 
is local in its existence and exceptio~lal in its cilnrac- 
ters, and has received, thelefore, a varietj of natlltis. 

5. There are, the~efore,  confusio11 anil conflict of 
authority ill the apl>lication of names to the crystal- 
line rocks of the north-mesl. 

TIIE general proposition, that life has l~rccetled 
organization in the order of time, nay be regarcled ns 
established. I t  follows necessarily fro111 the fact, tliat 
the sinlple forms have, ~vitli few exceptions, pre- 
ceiled the coniplex in the order of appearance on tlie 
earth. The history of the lon-?,st and s in~l~les t  ani-
nials will never be linowli, on account of tiieir perish- 
ability; but i t  is a safe inference from nllat  is lino\v~i, 
that the eal,liest forms of life mere tlie rliizopoils, 
whose organizatioli is not even cellular, and includes 
no organs ~ l i a t eve r .  Yet these creatures are aiive; 
and authors familiar \villi thern agree tliat t l~ey  clis- 
play, among their vital qualities, evidences of solfie 
degree of se~isibility. 

After recnl l i~~g the proposition laid down years ago 
by LamarcB, regarding tlie effect on structure of the 
use and elisuse of organs, the spealier explaineel Iiine- 
togenesis as the production of alii~lial structlires by 
animal rnovenlents; ancl archzestliet,icism as the doc- 
trine that sensibility or conscionsness has erer been 
one of the primary factors in the evolutio~l of animal 
forms. Tlie i i~fluel~ce isof rnotio~i on i lerelopnie~~t 
involved in Spencer's theory of tlie origin of verte-
brae by strailis; and the spealier maintained tliat the 
varions agencies nlentioned by Lamarck as producing 
change are simply stirnuli to motion. 

In  the present address he  proposed to pursue the 
qnestion of the relation of seiisibility to evoiut io~~,  
and to consider sorrre of tlie consequences \vllicll i t  
inrolves; though in the present early stage of the 
subject lie could only point out tlie logical conclu- 
sioiis derivable fro111 facts %,ell established, rather 
t l ia~iany esperirnental discoveries not already kno~vli. 
Those who ob,ject to the introduction of nletapl~ysics 
into biology must colisider that they caniiot logically 
cxclnde tlie subject. As in  one sense a function of 
nervous tissue, mind is one of the functions of the 
body. I t s  phenomena are everywhere present in the 
anin~al liiiigdom. I t  is only want of familiarity with 
the subject which can i~ idnce  a biologist to exclucle 
the science of milid froril the field. 

I Al~strnctof an acidress dciircl.cc1 bcibre the dcclio~i of biology 
of the American association for tlrc advancement of science, a t  
Phiiadcipi~ia, Sept. 4, by Prof. E. D. COPE, of I'liilnilc~ll~l~ix, 
vice-preaident of the section. 


