
S C I E N C E .  


by the sound arising f r o n ~  sli;:l;i~ig rods ~ i t h i n  it, 
JIr. Andrev- IIaddow, tlle engineer, lowered four 
eight-incli bar- nagn nets (placed end to end, wit,h the 
south pole down) into t l ~ e  bore. Tlie nortli pole of a 
compass-needle in the rriine rnoved first to the west, 
atid tben to the east, of niagnetic north, as the mag- 
nets Jvere lowered, indicating that  the lllagllets were 
to the ~vestrvard of the compass. While ilie Ileading 
was being cnlarged in this direction, Xr.  I-Iaddow 
exl>erimer~ted by passir~g a rnagrlet around the com- 
pass, and drawing a serie.r of curves for positio~is of 
the magnet, mhich protluced different angular deflec- 
tions of t l ~ e  needle. Tlle compass was tlien placed 
successively at  two different points in the heading, 
and the deflectio~~s by the magnetscsnsetl in tlie 
bore-bole were noted, - at one poilit : l$O,  a t  the 
other 6h0. 'rhe Jvere marlied ontwo l j o i ~ ~ t s  then 
the plan of the mine, a tracing of the magnetic 
curves j11st referretl to n.as placed over each point, 
and tbe intersection of the curves correspondi~~g to 
these deflections was rioted. Tipo~t excavating to the 
point thus indicated, the bore lvas found, being about 
eight feet from tbe true vertical. 

I n  a second case, in ,lustralia, the dialnontl drill, 
in going clow~i three hu~itlred %nil seventy feet, had 
deviated beyond sensible nlagnetic influence, ; I I I ~the 
search by undergronnd n ~ i ~ l i n g  was contirri~ed for 
nearly twelve rrionths mitllout success. Mr. E. F. 
Macgeorge tllen e~nployed glass pliials partly filled 
with rnolted gelatine, and having a conip:tss-needle 
in  a l o ~ e r  connecteci bulb of the phial. 1Ylle11 these 
were carefully lolveretl in tlie bore to d i f ferc~~t  depths, 
and t l ~ e  gelatine congealed, the needle \vo~ild beco~ne 
fixed in the magnetic norill. at111 the s~u'face of tlie 
gelatine would be l~orizorital. Tl~ese  two intlications, 
when the pliial was witlidrawn, showed tlle ir~clina- 
tion and magnetic bearing of the bore-hole at  that 
point; ancl a sufficient 11111nber of observatioris at  
convenient depths pernlittecl the erratic bore-liole to 
be cornpletely mappcd from top to bottoni. This 
niap showed a deviatiol~ of nearly forty feet a t  three 
hundred and screnty feet (low11 [tile poiut so long 
searched for), and of between seventy and eighty 
feet a t  the full deptli of five liundretl feet. A drift 
straight for the indicated spot fourid the lost borct 
thirty-seven feet ant1 a half away from its proper 
place, and the botton~ bvas folu~d seventy-five feet 
astray. This device has since been perfected and 
p:tte~~terl. 

FISI~ILVG-I~\ '~ 'ERESTSIAV HUDSON Ed Y 

TIIIT chief commercial valne of this district un-
doubtedly lies in its immense fishing-irlterests, if Tve 
include in tliat term ~vhaling anti s ca l i~~g .  

A~nerican ~vhaiing-vessels lia\*e for more t l ia~i  a 
quarter of u century been condnctiilg a very profit- 
able fishery in Roe's Welco~ne, a large basin in thc 
north-western portion of Hurlson Bay. The vessels 
r~sllally leave New Englantl in Jlily, and reacli Xarble 
Island in September, where they winter, one or two 
every season, and occasionally Illore. Sawing out of 
thc ice in the following ,June, a ~ i d  preesing 1iort11rrrai.d 

as fast as tire icc will permit, they fis11 unti! about 
the first of September, tunless sooner loaded, ant1 
t l ie~i sail for Ilome. During the eleven years preced- 
ing 1874, about fifty voyages are kllown to liave been 
lilade; and the retiurls give an average of $07.420 per 
voyage, 1vbicI1 sIio\vs a large lnargirl of profit to tlic 
sn~a l l  sailing-vessels usually ellgaged in the tmtlp. 
I t  is estimated that the aggregate d u e  sf oil and 
~vhaleboile already ohtailled is about t ~ o  and a clunr- 
ter nliiliolr tlollars, a11t1 every th i t~g  poi~its  to a large 
estei~siori of the industry. 

The" porpoise-fishery is extensively carr~ef! 011 by 
the k111dson-Bay co~upany; the fish, as they are popu- 
larly called, bei~ig lield in checlc by means of trap-
nets on flats in coves where the tide rises ten 01. 
fifteen feet, :tntl waterleft lligli and dry when ~ l ~ e  
recedes. Last year the conlpany secured nearly 
two hulldred i r ~  one tide at  Churcliill, ailil :I much 
larger ~ l r ~ r i ~ b e r  The blubber weighs at  U~igava Eay. 
fro111 two hur~dred ant1 fifty to four li~indretl pounds, 
and is very rich i11 the finest of oil. Formerly the 
blubber was exported ;but t l ~ e  eonipany has estab- 
lished este~lsive refillcries at several of its i1orthe1.11 
statio~is, and now sl~ips the oil in caslis. 

The colilpany also carries on a walri~s-hiint. send- 
ing two sloops allnually froill Churcliill to t ~ o  very 
prodnctire walnls-gro~u~ds north of llarbli. Island, 
where they liave never failecl to obtain full cargoes 
of blubber, ivory, and liides i i r  a fen- weelis, besides 
carrying on a valuable trarle in oil, ivory, nlilsli-ox, 
and c~t,lier skins, with the r~or t l~er i l  Ealiin~o, 

D u r i ~ ~ gtlle exploring-steamer Keplune's isi it to 
St1ipart9s 13ay, the Eslrimo xvere liviug 011 Llie harp- 
seal (P l~oca  groelllalldica LinnE), arid ha11 in their 
porsessiol~ skills of a good nla~iy  liarbor ancl square- 
flipper seals [Plloca vitnliria LilinG, and Er igna t l i~~s  
barbatns Fabricins), seals of all kinds being ab~ul-
d m  t. 

Tlie Eludso~l-Bay company llas a stealrier, the 
Diana, ljlying between Londoii and Uligava Bay di- 
rect, fitted np with refrigerating app:t~'atus. and en-
gaged solely in conveyi~ig sainlor~ frcsh to tlit? L o ~ i d o i ~  
~narliet. L:tst year's cargo is reported to have real- 
ized ~ ig l l t ee r~  Yearly every stream tliousand dollars. 
contains botli salrnon and trout in vast !rl:rntities, 
cl~iefly n-liere the salt arid fresli waters nlingle. 

Cot1 abo~uid iri tho vicinity of Chndl~igh: though 
not "11 to the present tilile founcl in Iii~rlsoli B:ty. 
Nen~fou~rdlandsclloollers even now work as iar nortli 
as N;lchrali, aiid seen1 to be going f a r t l l~ r  e.1~11 year. 
'I'he cod, tllougli goocl, arc not equal to t l~ose of the 
Eanks. 11-llile the Nept~riie was at  I'oit B ~ ~ r w e i l ,  
imth in goi~lg art11 o ~ r  ~.etarning. illc i~~ichorage 
teerned 1~it1i cod, wl~icli were taktn in grcst ~inrnbel-s 
by jigging fro111 the ship's decli. 

T H E  L)llAiL\TA GE SYSTEM OF BR14Z1L.l 

TIIE liydrographic features of Brazil are to a cer- 
tain extent det,errnined by the orographic systern, ant1 
by the distribr~tion of mountains and plains tlesc.ribed 
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in Srience, No. 11.'. '1'11e)- wc, however, still more 
tiependent on the gerierztl structure of Soutli America: 
since alniost all of t l ~ e  great lirazilian rivers belong to 
hydrographic systems which interest otlier parts of 
the continent outside of the Brazilian plateau. 

Soutli America is made up of three great masses 
of highlands, in great part mountainous, more or lesv 
completely separated by depressed areas, in which 
flow t.he great rivers Amazonas! Orinoco, and Para- 
guay; the latter, rather than the Parani,  being taBen 
as the dominant feature of the I,a Plata system.' 
These Inasses of highlands are, the long arid narrow 
hnclenn plateau, the Brazilian plateau, and the pla- 
teau of Guiana. The Andean plateaa, being very 
near the Pacific coast, throws nearly all the d r a i n a ~ e  
of t.l~e continent eastwards to the ,Itlantic; while the 
plateaus of Urazil a r~d  Guiana force the waters to 
flow ~lortllrvard to the Caribbean Sea, souti~warcl to 
the South Atlantic, or eastward tllrougll the central 
basin, or gre:it An~azoiiiari depression whicll sepa-
rates t l~em.  Tlius the Paraguay has a southerly 
course in the centre of the great depreqsiori between 
the ,lndean highlands and those of Brazil, receiving 
d cortsidrmble part of the drainage of 110th; the Ori- 
noco bears the same relation to tlie l~iglilanrls of tlie 
Andes and of (;uiana, vi,hicli give a nort,Iierly course 
to the tlraiiiage; while the vaster A~uazo~ias  has rcla- 
tions with all three of the continental plateaus, ris- 
ing in t , l~e Andes, and flowiug between tlle Iligl~la~ids 
of Brazil and of Gniana, receiving tribute fro111 both 
of tliem, while by means of its pea! tributaries, the 
Madeira, Rio Negro, and others above t l ie~n, it in- 
cludes in its basil1 a considerable portion of tlle great 
depression between the Andes anci the two detacl~ed 
eastern plateaus of the continent. 

With few exccptio~~s,  all the great rivers of Soutli 
2kmerica belong to one or the other of these basins, 
whicli lnay be called continental, because they per- 
tain to more than one of the great component parts 
of tho continent. The otlier rivers belong to one or 
another of tlie three plateaus: and of these, those of 
Brazil are the largest and most important, because 
the Urazilia~i platean is larger than that of Gaia~la ,  
and better ~rat,ered than the part of the Atldes that 
drains into the central depressions. Consitlering the 
Uruguay as belonging to the La  Plata systern, the 
exclusively Brazili:tn rivers ( in a geographical sense) 
axe those that fIo\v from the eastern watershed of 
tlie plateau directly to the .\tl:cntic. If, however, 
not only those tliat have their course in tlle country, 
but i~lso those that coinlllence or terlninate ill it, are 
considered as Ilrazilian, the rivers group then~selves 
natnrally into three great ilivisions; viz., those t,hat 
Aolv directly to tlie Atlantic, ail11 those that for111 past 
of the hrriazoniau and Platine systems. 

The great matersllerl of the empire, tliat which 
separates the indirect from the direct .ltlarltic drain- 
age, is determined by the orograpliic features already 
described. I t  does not, however, follow couti~lu- 
ously the c u l n i i ~ ~ a t i ~ ~ g  orograpl~ic lines, ba t  rather 

passes from one to another of these lines by means 

of the transverse ridges wllicli unite tlie~n. Tl i l~s  in 
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tlie sooth tlie .\tlantic-Pararid tlilitle is formed by 
the cr~lrninitting ritlge.;: of the southern part of the 
Serra do Mar; in the central portion the Parani-SKo 
Francisco divide is formed by the Serra tia Canastra, 
or Malta da Corda, in western 3iinas. and by the 
transverse ridges which unite t,liis chain wit11 the Nan- 
tiqueira brancll of the Serra tlo Niir, ant1 wit11 the 
rnounta i~~s  lmrtion of the of Goyaz; ill tlle r ro~~ther~i  
great v-atershed the divide is forrnetl by thc exten- 
siveridge, which, brauchingoff frorn tlie (Joyaz JIoun- 
tains, acconlpanies all the course of the Tocantins, -
a ridge \vhose true orograpl~ic cllaractcl. is, as stutetl 
in a previous article, very imperfectly Iinown. 

The secondary aratershed, which divides the waters 
of the Atriazonas from those of tlie J,a Plata systern, 
is well defined and regular in tlie part between the 
.\raguaga-Tocaritins and the l'araiii, being formet1 
by the mountains of southern Coyaz. which esteucl 
from south-wcst to north-east; hut farther wrvt, bc- 
tween the Par:tgnay on the one side, and tlic Xingli, 
'l'apajhs, and Guapord, of the Aniazouian system, 
on the other, the divide is near tlie irregular jaggetl 
~nargin  of the .\rnazoniau tablrlaricl, a ~ i d  is not 
inarlced by any ~ ~ o t a b l c  elevation of the surface; a r ~ d  
the passage frorn one system to t l ~ c  othcr is compara- 
Lively easy. Thns in the detaclletl Serr:t tio Agnapel~y, 
which seems to be an outlier of the sout'iiern margin 
of the tableland, rise the Rio Xlegre -one of the heat1 
waters of the GuaporB- and the .\guapehy, which, 
through the Jauvd, discharges into tlle P~rraguay. In 
the lower lands a t  the base of the serra, arid after 
botli thesc streams lia,ve become ~~avigable  for small 
craft, they flow for a certain distance near together; 
and tlie lalid two l)ract,icablei~~ te r \ , e~ i ing  affortls 
portages of the extension of 8,640 Ini?tres ant1 11,708 
metres respectively, over ~vhic-11 boats have been 
passed from the wslters of the I'araguay to tllosc of 
the Arnazonaq, or uice ae~-sa. 111 177:J all attempt 
mas made to open a canal across tlic? shortest of thesc 
portages, wl~ich, like the Cassirl~li;i~,i, s l~o~l l t lserve 

to unite two great basins, and aff\)rcl i ~ ~ ~ i n t e r r u p t e d  

fluvial comu~~unication from tlie n~ibutll of the La 

Plata to that of the Orinoco. The : i t tc~npt mas, how- 

ever, aballdo~led; and accurate levelliril; will probably 

show that tlie project is impracticable. There are 

also two practicable p o r t a ~ e j  between tlie afHuents 

of t,lle upller Tapajiis ant1 the Cilyab5, a tributary of 

tlie Paraguay. One of tliese is only 1,255 metres 

witle ; ar~tlcai~oes products
vitli cargoes of A m ; ~ z o n i a ~ ~  
liuve frcqueutly been transported to the waters of 
the Paraguay As in this region the  'I';rpaj6s flows 
at  a nluch higl~er level tlian the C:uyal)d [ a t  least, ill 
its navigable pol.Liou), the tliffercnce of level to bc 
overcome is probably mnc!~ greater tliar~ iii tile case 
of the hlegre and Aguapchg. 

111coliscqnenco of tlie dispositiorl of  the highlands 
a:ld lowlantls abovc! indicated, there is a great differ- 
ence between the rivers of these two ilivisions, wllicll 
is of capital importance wit11 reference to the inter- 
nal commi~nicatio~ls the e~ilpire. The A l ~ ~ ~ a z o ~ ~ a s  of 

and Paraguay, bcing pre-eminently rivers of the de- 

pressions (the first tlescerlds t,o a level of less t11a11 10) 

metres very near to the foot of tlie Biicli's, and the 
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latter flows at an elevation of only 123 metres at 
Cuyaba near its source), afford uninterrupted naviga
tion for almost their entire course. The tributaries 
of these two rivers, and the other Brazilian rivers in 
general, are, however, plateau streams, and have two 
navigable portions, — one on the upper stream on the 
plateau; and the other in the depression, or coast 
border region. The difference of level between these 
two portions is one or more hundred metres, and the 
descent has to be accomplished by a series of cata
racts situated at a relatively short distance above 
the mouth of the river. Of these, the most notable 
are the Paulo Affonso cataract on the Sao Francisco, 
and the Sete Quedas (' seven falls') on the Parana. 
The upper tributaries of the Amazonas, between the 
foot of the Andes and the Rio Negro on the north, 
and the Madeira on the south, are exceptions to this 
rule; since they descend from the plateau on which 
they rise in their upper courses, and afford long lines 
of navigation. They thus reveal the interesting fact 
that a vast area of the almost unknown upper Ama
zonian region is at a much lower level than the adja
cent plateaus. Of the rivers that flow directly to 
the xltlantic, those of the province of Maranhao and 
the Parnahyba, in Piauhy, offer the greatest facilities 
for navigation; because they rise at a lower level than 
the rivers to the southward, and effect their descent 
to the sea-level by a gradual slope distributed along 
the whole course, instead of being concentrated in 
one or more grand series of rapids. 

The Amazonas and Paraguay present peculiar fea
tures in the very extensive alluvial plains that border 
the main river and the lower courses of their tribu
taries, and in the great number of anastomosing lat
eral channels that cut these plains and put the main 
river in communication with the tributaries, often at 
long distances above the junction, and these last with 
each other. These canals are particularly notable in 
the case of the Amazonas, where they are called para-
namirins, or furos;x and it is said that a boat may 
traverse almost the entire length of the Amazonas 
valley without entering the main stream. The for
mation of these canals is to be attributed in part to 
the formation of alluvial islands that are constantly 
being created by the sediment-loaded waters of the 
great river. The number and character of many of 
them, and especially of the furos, seem, however, to 
indicate a more general cause, and suggest the idea, 
that, since a relatively slight depression of the sur
face would transform the river-valley into an estuary, 
it may reasonably be supposed that at some time a 
correspondingly slight elevation has transformed an 
estuary into a river-valley. The long distance to 
which the influence of the tide (it is sensible at Oby-
dos five hundred miles above the mouth of the Ama
zonas) is felt, gives an air of probability to this 
hypothesis. In this case the present tributaries 
would have been independent rivers, and would nat
urally have had deltas, the canals of which would in 
part become closed, and in part be transformed into 
furos, when the estuary was changed into a river. 

1 The former are canals that return to the same river from 
which they parted ; the latter, those that unite two distinct rivers. 

The paranamirins would in this hypothesis repre
sent the marine channels of the muddy bottom of 
the estuary. I t is certain that the lower portion 
of the Amazonas valley still presents so much of 
the character of an estuary, that a question has 
arisen among geographers as to whether the Tocan-
tins should be considered as a tributary, or an inde
pendent river. The fact that it receives a considerable 
quantity of water from the Amazonas through vari
ous furos decides the question of its being a tribu
tary, since the Amazonas contributes much more 
water than the Tocantins to the so-called Para River, 
which is only the southern branch of the great Ama
zonian estuary. 

Attention has often been called to the curious fact, 
that, unlike most large sediment-loaded rivers, the 
Amazonas has no delta. The reason appears to be, 
that its lower course is still in a transition state be
tween the estuary and fluvial conditions; and the 
delta is not to be looked for at what is generally con
sidered as the mouth of the river, but higher up at 
the head of the estuary. In this case the network 
of canals between the mouth of the Xingit and the 
western end of the island of Marajo may be consid
ered as the true delta. 

In a certain sense, the La Plata basin is a triple 
one, since a slight change of level, which should take 
the head of the estuary to the mouth of the Parana, 
would effect the separation of the Paraguay, Parana, 
and Uruguay as three distinct basins. Although 
smaller than the Parana, the Paraguay should be 
considered as the main stream on account of its rela
tions with the elevated portions of the continent to 
the east and west. The Parana, as already stated, 
is essentially a highland river. Its tributaries flow 
into it before it enters the depression by the great 
cataract of Sete Quedas. The only exception is the 
Iguassii, which has its great cataract of Santa Maria 
close to the junction. A peculiarity of the Parana is 
that the eastern margin of its basin is so close to the 
Atlantic, that one of its tributaries, the Tiete, may 
be said to rise in sight of the sea. Another peculiar 
feature is the tendency of its eastern tributaries, 
especially marked in the case of the Tiete, to flow in 
a north-westerly direction, as if they were seeking 
the source, rather than the mouth, of the main river. 
This indicates a general north-westerly slope in this 
part of the plateau. 

A few peculiarities in the principal rivers of the 
direct Atlantic drainage system, which indicate inter
esting points in the topographical structure of the 
country, may be mentioned here. Such a point is the 
general parallelism of the Sao Francisco to the coast
line in the greater part of its course, due to the river 
being confined behind the Serra do Espinhaco, which, 
terminating to the northward, finally permits the river 
to escape, and direct its course toward the sea, making 
a right angle to its former course. The same phenom
enon is presented in a still more interesting manner 
by the Parahyba, which exhibits a double parallelism, 
the river making a U-curve in the upper part of its 
course, and, after a course of about two hundred 
miles, passing close by its source. This is due to a 
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subordinate member of the Serra do Mar system (tile 
Serra da Bocaina, or Quebra Cangalha), which, being 
ixitercalated between the maritime range and the Serra 
(la Mantiqueira, impels the river to the south, until, 
escaping around the end of this barrier, it encounters 
another in the Mantiqueira. whicll forces it north- 
ward until it finds a passage across the Serm do Nar, 
and escapes to the sea. The Iguape, or Ilibeira, in 
southern Siio Paula, with its nor~hern tributary the 
Juquii ,  reveals the same fact of the splitting-up of 
the maritime range into distirlct ridges. 

0. 1 > ~ 1 t I 3 ~ .  

IRVIN(: O N  THE COPPER-BEARING 

ROCKS OF LAICE SUPERIOR. 


1~ his opening chapter, Professor Irving 
gives a succinct history of the earlier investi- 
gations of the copper-bearing rocks of Lake 
Superior, a clear exposition of the riews that 
have been held respecting them, a n ~ la full 
bibliography of his subject. The discnssion 
proper is introduced by a slretch of the extent 
and leading characters of the formation, illus- 
trated by an excellent map. This is the first 
really synoptical view of the series, in any 
thing like its regional entirety, that has been 
preseiited. 

Instead of a mere local phase of sorne well- 
known geological horizon, i t  is described as a 
unique formation of consistent characters ant1 
enormous thickness, stretching out to an ascer- 
tained length of five h~indred miles, with a 
widtl~ of a hundred miles, and an area, ex-
clnd~ng tlie Xipigon estension in Canada, of 
forty-one thousand square miles, -nearly two- 
thirds the size of New England. ..Through-
out this wide extent, though local peculiarities 
are to be noted, the general characteristics of 
the group are wonderf~illy constant." I t  con- 
sists of an enormous series of eruptive sheets, 
--lava overflows in the main, -arnong wllich 
are intercalated beds of sandstones and con-
glomerates, ancl over which lies a great thick- 
ness (fifteen thousand feet) of detrital material, 
making a total pile of forty thousand feet. 

A careful description of these rocks next 
follows. illustrated by very fine microscopic 
sections, and conveniently summarized in 
tables. The studies of Professor Irving do 
not acld greatly to tlie kinds of basic rock 
previo~isly described by Professor Purnpelly in 
t l ~ ereports of Michigan and TtTisconsin ; viz., 
diabases, malaphyrs. and gabbros. IIe has, 
however, amplified the varieties and the geo- 
graphical clistribution of these, and added an 

,Ilonograpf&sof the (T.S.geo10gicc~IS U T D B ~ .  F70T01. v. The cop-
per-beaping i,ockn qf Luke SICIJP?,ZO?.. 111-ERInwNa.B y  ROLARI)
\Vilshington, G'o.~'er?~inrfil,  16'464 4'.1883. p., 29 pi., 37 figs. 

interesting anotthite rocli. To the acid erup- 
tives he has mtide a more notable contribution 
in cletermining riot only the presence, which 
mas l~artially linown before, but the important 
development of qnartzless porphyries, qnartz- 
~ferons 1)orph) ries. felsites, augite sxenitrs, 
granitells, anti granites. I-le shows that these 
are, at thc same time, members of the oligiilal 
ernptires, and chief contributo~.s to the cletri- 
tal beds, especially the conglomerates. Eut 
more cotnpletely new and theoretically impor- 
tant is the recognition of a class of interine- 
diate rocks (silica from fifty-two to sixty per 
cent) which constitute phases of the orthoclase, 
nralitic, and hornblende gabbros, and of the 
diabases, diabase porphyries, and their nmyg- 
daloidal forms. The cletrital rocks are con-
glomerates and sandstones, with shaly phases. 
They are chiefly derived from the acid erup- 
tives, though where closely associated with 
basic rocks, a large element is derived from 
these. In  some parts a notable contribution 
has been macie by the older crystalline rocks. 

The lithological discnssio~~s are critical, and 
evince a familiarity with the latest phases of 
this rapidly developing branch of' study. They 
embrace a hunclreti and eighteen pages. 

Following this are nearly two hundred pages 
d e ~ o t e dto the stratigrapliy of the series. The 
author maintains with justness, that the igneous 
beds, being overflow sheets, are fully amenable 
to the common laws of stratigraphy ; and his 
discussion is notably free from the license of 
eruptive geology. IIe brings together for the 
first time, from his own and others' obsel.va- 
tions, specific descriptions of the formation 
from all sides of the Lake-Superior basin. I t  
is to be hopecl that in this he inaugurates a new 
era in the discussion of Lake-Superior geology, 
in which the study of its problems shall be 
cosmopolitan, in distinction from that ilarrow 
provincialism or that distant unfamiliarity 
which has so largely vexed their past history. 
Professor Irving's clescriptions necessarily fall 
lnuch short of full conipleteness ; but they con- 
stitute a great advance in the endeavor to give, 
by precise descriptions, niaps, and sections, 
an approximately accurate conception of the 
entire formation. so far as displayed in the 
Superior region. Completeness will only be 
approached when i t  is possible to extend over 
the whole region such excellent detail work as 
that of I'umpelly and Marvine in Michigan, 
and the author himself in \Irisconsin. 

The eighth chapter of the monograph is cle- 
voted to the relations of the Keweenaw series 
to the associateti forn~:ttions, and traverses the 
ground which has bcen rnost contested in 1,alre- 


