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Table of rainfall at Panama and other stations. 
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January . 1 
Febrn:~ry. 
March . . 
April  . . 
Z1"y . . . 
J u n e .  . . I 
July. . 
Augus t .  : I 
H~ptenihcr.
Ootobrr 
Xo\ -e~~>ber: 1 
Deccrnbel . 

PANAIIA,
lat. 0" N., lolls. 800 TV. 
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1880. 1881. , 1882. 
__ __-

~~ 

I -1 liean1 Mean, 2 yrs. llean, 2 yra. A l c a l l ,  7 yrs. , Nraii, 7 y1.8. Ile:m, i yra.yeill.;, -
____ . I - - . ~-I 

mass of vapor. wliich rises up, cornes to the higher re- 
g i o ~ ~ s  illto lower and lovier temper- of tlie atmosl~llere 
atures, ant1 is cor~tlensed; producing, t,hus, a vault of 
perpetl~al clor~d, ~vllicll genrrally s~urouncls tlie earth 
in a dark ring, -calletl, by tlie French cailors, ' po l  
a71 ~zoir;' by the Americans ,and Enmlish, ' clond 
rilrg,' -and continually precipitates duzrig the rairiy 

accompanies the curve of n~aximnm daily t,empera- 
ture due to the a ~ ~ n r t a l  oscillati~ry moverrrent of tlie 
therinal equator. The inovenlent of this curve is 
closely connectrd with the annual movement of the 
sun acrrls. the geographical equator. The sun passes 
t,lie zenith of the istlirnus at  nrid-day twice in the year, 
or1 April 18 a r ~ d  Aug. 20. The sheet covers tho isth- 
mus f r ~ ~ r n  of May to the end of J l ~ n e ,  seabon the sllowers of the tropical regions. the b e g i n ~ ~ i ~ ~ g  
a ~ l df r r ~ n ~  of Ikcern- Tile vaters of tlre gulf-stream s h i c h  conic from the tlle end of July to the Ilepin~~ing 
ber. Tllese two i~rtervals o c c u r ~ . i ~ ~ g  t'lle tirst equator are cl~arged with a. great quantity of vapor; b r t ~ ~ e e n  
of May arid thr first of L)ec(~rnber co~is t i t t~ t rtllc r a i ~ ~ y  
seasor~s. Tile first iq generally i~~ter ruptcd  by tlie short 
' sunrnier of St. John.' During tho ~.elnaindcr of the 
year is tlie dry sea-on, At  this t i ~ r ~ e  the sheet is en- 
tirel~r to tile soutll of the isthinus, wliile during the  
' su~$n,erof St. John ' it is entirely to the riortl~. 

011t l ~ e  ~ ~ o r t l r  ofside of this sheet the trade-wi~~tls 
the no~.tIiern hen~ispherc prevail, ~vllicli, at the isth- 
mus. have in gcnet.:xl a direction from the north-east. 
011the south side the trades of sontl ie~~nt l ~ e  I ~ e n ~ i s -
pllere prevail, whicli have a direction fro111 the sonth. 
I n  the i11te1,ior of the sheet, at  t l ~ c  earth's surface, 
the wind is feeble an11 uncertain. 'I'his, then, for the 
istli~nus, is the period of calnis, tlie time of gentle 
breezes; nocv froyn tile land, now from the sea, ac-
cording to the hour of the day. 

Percentage of precipitation in each month. 
- __- - - - -- - -- -

January.  . 1 
February
~ f : i r c ~ ~  i. : 
April. . . I 
May . . . 

J u l y  . . . 
August . . I 
September . 
Octobvr . . I 
Nore~nber. ' 
December . i 

&I.de Lesseps flirther remarks, that  one can see, 

that, in the time -\rhich tlre 
c lu r i~~g  (overha~rging) 
sheet of ascencli~~g air is over the isthmus, the season 

of rain prevail*, because the tra~le-winds, blowing 

along the ocean's surface, accumulate in this sheet a 


a11t1 this is co~~t icr~sed precipitat,ed by the Cor- and 
dilleras. Tlris accounts for the abundant raills of the 
Atla~rtic \~ratrrsl~ed. This cause does not exist on 
the I'acific .ivater~lied. The general current along t,he 
coast of the i s t l~ l r~ns  is just t,he reve1,se of that iii the 
sea of the A~rtilles. 011the contrary, the tide comes 
from tlie north;  and in corlseqnence these waters are 
cooler, antl furi1i.h less vapor to the air flolring along 
the surface. T l ~ i s  e x p l a i ~ ~ s  it more a twlly rains 
Colon than a t  Panama. a ~ ~ d  why, ill proportion as one 
renloves f~,onl tile Atlantic coast, the rain clin~inishes. 
So upoll tlie isla~lcl of Naos, situated in t l ~ e  U:ly of 
I'anaina; ancl, where the canal colnpany has estab- 
lislle(l a mrtrorolopical station, tlie rain gatllerecl is 
less than a t  Pallama. 

The existence of winter and summer rains in belts 
approximately parallel to the equator has been long 
recog~~ized. A glance at  the table above will show 
that the rains all alonn the Pacific coast are marl~edlv 
periodic, antl occur later in the year as we go north; 
and the heavier rainfill1 occui,s a t  the time the sun 
is tlie farthebt south of the equator. 

H. A. HAZEX. 

TI IE  COPPER-BEARING SERIES OF 

L A K E  SUPERIOR.  


ITmay not be unprofitable, a t  this presumably the 
closing stage of the p r e s e ~ ~ t  the Ke- discussion of 
~ v e e ~ ~ a v v i ~ ~ tseries, to state sumnrarily t,lle main gronnds 
on tvl~ich its pre-Potstlarn age is ~nilintained. I t  is 
obviot~s that sltch a statement can but imperfectly 
indicate the nature of the evidence relied upon; for 
the significant data are derived from numerous lo-
calities, and fro111 diverse plieno~nena wliich cannot 
be acleqnately~ and at  the same tinie briefly, described. 
The formation involves an area of upwards of forty 
thoasarid q u a r e  n~iles ;and only a wide snrvey of it, a 
critical elaboration of trustworthy obsc~rvations, and a 
jndicii~l treatment of the evitle~lce, can comn~and com-
plete tleferet~ce, and that  is a thing of the future. , N o  
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one has seen the for~nation in its entirety; and only 
one investigator has approaclled to a gcr~eral fatnil- 
iarity mitli it by personal study, antl his more corrlpre- 
hensire results arc not yet before the public. 1have 
even hesitated on this account to offer this surrlmary, 
having niyself vibitetl only seven of tlle significant 
districts ontsitle of SVisconsin, with the inveatiga-
tions within ~vhicll I have, of course, been irltiniately 
familiar, as also with the results of Professor Irvinq's 
more extended studies, which are herein soniewhat 
drawn upon. 

Brevity requires the omission of citations and au- 
thorities in the main. 

'rhe general strittigraphical facts wliich are not 
open to reasonable que.ition are these: 1. Around 
the edges of the great depressior~ occ~~pied by Lalie 
Superior lies an imriiense series of interleaved igr~eous 
and iietrital becls, tlippi~lg ir~ward toward a syrlclirlal 
axis, lyirig nlsil~ly beneath the lalte. but stretcliing 
la~ltlwartl across north-western Wisconsin; 2.  Both 
within and without this basin are horizontal series 
of sandstones, each of which is traceable i r~to  contact 
with tlie t l ippi~~g series at  a few points, and illto 
al~proximate junction at  several others. The hori- 
zontal sand-tone on tlre outside contains prin~ordial 
fossils, and has long been known as Potsdain. The 
horizontal sarldstolles within the trough. u ~ ~ f o r t o -  

weenaw series is so enormous as to have led to a 
stutlierl watcllfulness for poshible sources of error of 
eqtinlate. Unleqs faults be asslimecl where there is 
no proof of them, the maximum thiclcrress must be 
upwards of forty tliousand feet, of which allout fif- 
teen t l ~ o ~ ~ s a r ~ t l  Without irlsisiii~g feet are detrital. 
in a corrf.roverted matter, that this estimate may ]lot 
be too 11igl1, owirlg to nndiscovered falilts, it rernni~rs 
that an  enorlnous difference is absolutely tlemon- 
strable. Sow,  this great clifferelice rireans sonlethi~lg 
in the mere rlratter of accumulaf,io~i, but great stress 
is not laid upon this. Plausible, hut really ir~ap- 
plicable, answers readily suggest thenrselves. If,' 
however, it is insisted that  tlle igneous ernptiolis 
fur~rished exceptio~lal uorrditiorls for 1.apic1 accuniula- 
tion, it will be freely granted, arid evrn ul;r:tl: but the 
great mass of the tietrital beds were foraied after the 
eruptions Iiad ceased; and, besides, the fossiliferous 
Potstlarn strata lie against the same roclrs in the St. 
Croix region, autl, if co~iternpora~leons, slioultl have 
been likewise favored in accum~~latiolr. 

Btit whatever this iricongruity of thicltness signi- 
fies i r ~  the que>tion of cleposition, it is at  least impor- 
tant in the interpretation of the discorda~lt at.titudes 
of tlie strata, autl the adjudicatioii of app~~oxirnately 
observed, but not actually visible, uriconformilies. We 
holtl that to be a violent structnral hypotliesis which 
assumes that portions of the same u~~meta~norpl~oser l  
series are tilted a t  liigli angles, ~~- l l i le ,  a dis- ~ ~ i t l ~ i ~ l  
tarice m11ch less tlian the tliicl;ness of tlie fortilation, 
other portions lie undisturbed. That this extraor- 
dit~ary plieno~r~enorl should be several tiines repeated, 
in a region ]lot otlicrwise characterized by more tlian 

nately, have not yot yielded fossils of any positive 
c11a1,acter. Some of these are so situated that they 
might be sopposed to be portions of the synclirial fold, 
but the greater part are not so placed as to adnlit of 
this interpretation. 

Now, tliose who advocate the dist,inctness of the 
Ke~reenawseries maintain that the great tilted group 
of interbedded igneous ant1 detrital rocks which con- 
stitute the copper-beari~lg formation belongs to an 
entirely different age froni the horizontal sandstoues 
without, a ~ i d  frorri most, but not all, tliose withill. 
They offer, among other considei~ations, the followi~ig 
classes of evidence in support of t,heir view :-

1. First ant1 tvei~kest, l l ie  </enera1 strati(/vaphiccil 
~e2ations a b o ~ e  intlicnted. -These afford at  least a 
presumption of distinctness. This atlmits of easy 
verbal objection, antl to thoqe personally unfamiliar 
with the tout e n ~ e ~ i ~ b l eof the problem and its data, 
and with the inethods Nature habitually pursues in 
distinction from those she ~ii ight be iinagiued to 
pursue, can have but little force; but experienced 
stratigrapliists will appreciate tlie fact, that great dif- 
ferences in the attitudes of closely associated strata, 
especially if otllerwise differentiateti, are usually indic- 
ative of d~ffarences in age, and that definite evitlerlce 
of unity is required to justify the si)mewliat violent 
dynamics nece-sary to otherwise explain these diverse 
attitudes. Tllis is especially true when the surrouild- 
ing region is altogether devoid of evidelice of disturh- 
ance d ~ i r i l ~ g  Notthe supposed period of disruption. 
only in the irr~niecliate vicinity, but t l~ ro~~g l lou t  tlle 
interior, tliere is an absence of evidence of more than 
the ge~ltlest oscillations in the recognized primordial 
strata; while the I<err.eenaw series suffered a depres-
sion of more niiles t l la~i  it mould seem jutlicious to 
estimate here, and ernbraces one of the most stu-
pendous series of eruptions known to early geologi- 
cal history. Upon this argument, being a general 
one, we do not much insist. I t  gairis force, however. 
in connection with the following points, and gives 
especial significa~ice to tlie next. 

2 .  D l f e ~ e n c e si n  tl~ickness. -The recognized Pots- 
dam strata ill the adjacent region have been pelie- 
trated at  nurnerous poilits by artesian wells, and are 
only rarely found to reach a thousarid feet in 
deptli. On the other hand, the thickness of tlie Ice- 

broad open folds, seems to us incredible. 
3. L)(tFee,.encesin co~zstit~itiotz.-Tile sandstones of 

the ICeweenaw series are largely composed of grains 
of various silicates derived from igneous roclis; while 
the Potsdarn, within as well as witllout the basin, is 
inairily pucir,txose, as shown by the investigatio~is of 
Irving a11d Sweet. The for~ner  are manifestly derived, 
as maintained by these writers in c o ~ r ~ ~ n o n  with orhers 
on both sides of the qnes t io~~ ,  immediately from the 
igneous series, with relatively little wear or assort- 
~nerit. The latter are thought to have had wider 
sources, and to have been subjected to more erosion 
and winnowing; for even where in the vicinity of 
the igneons series they are still notably quartzose. 

4. Unconfo~.~nit!/.-Wl~ile every uriconfor~r~ity has 
a sig~lificance, only those are urged in this relat,ion- 
$hip wliich seen1 to us to testify directly to the fact 
of a tilting of the great copper-bearing beds before 
the Potsda~n sands mere laic1 down upol~ ant1 aqainst 
their upturned edges. Tlie cases of uncor~forrnity 
may be grouped in three classes: a, those actually 
observed; b, those in which the contact, though ob- 
served, is complicated mitli disruption; ar~d,  c ,  those 
ill mliicll the irnmediate junction is concealed, and 
tlie evidence is only approximate. 
a. Of tlle first class are those of the St. Croix dis- 

trict, substantiated by the independent observations 
of Sweet in 1875, Strong in 1876 and 1877, \+Ti~icllell 
a t  one or more dates u11know11 to me, and myself 
in 1876, 1879, and 1880. There are also here several 
cases of approxitnately visible junctioris beside those 
actually seen. To us, the facts-which n~anifestly 
cannot be properly described here, but wllicll are in 
a measure set forth in the Wisconsill pitblici~tions -
teach explicitly that the copper-beari~lg beds were riot 
only formed, but uplifted and exte~~sively worn into 
liills and valleys, before the Potsdam sar~tis were laid 
down against and upon them. The full force of the 
evidence presented by this region can only be felt 
when a just al~preciation of the facts is acquired, 
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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. 


