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place yonr elbows at a conrellient distance apart. 
This position evide~rtly leaves a space between yonr 
chest and the back of tlie cliair equal in lengtll to 
your fore-arms, whicli are extended horizontillly. 
Miss Lulu now takes a position beside you, and, holii- 
ing her body back, sitrlply places the palnrar snrf:tce 
of her hand on the back of the chair on the side to- 
wards your body. After a few rno~nents she seeins 
to make the effort to detacl~ her handfro111 the chnir, 
which latter you are privileged to push forwards. 
Tlre force at work, however, is too strong for you, 
and both yourself and the ellair are carried back- 
wards, witllout her hand having changed its position. 
The chair being a cane-baclied one! i t  is evident 
that she could ill no way gain a llold upon il, and the 
back of her hand never coulcl corr~e in contact with 
your chest, as the s p a n n i ~ ~ g  of such a distance ~ o u l d  
a t  once be detected. 

Professor Newcornb's conclusions, after having 
witnessed the test of lifting a chair with some one 
sitting irt it,, are to rile f a r  from satisfactory. L 
saw the girl lean over an ordinary chair, with a 111a11 
weighing over two hundred pounds sitting in it, 
and placing the pallnar surfaces of her 11ar~ds on 
the outer sides of the rear uprights near their 
middles, arid witliout ~ I I Ucontractiorl of the inuscles 
of the arm or fore-arm, or increase of pulse 
(reruairied a t  YO) or respiratory effort, or change 
of countenance due to exertion, so far lift that chair 
and its heavy conter~ts fro111 the floor as to compel 
the latter to get out of i t ;  and this rritliout fraclur- 
ilig any of tbe bones of her upper extremities, or the 
sides of tlie chair. T l ~ e  simplest conlputation will 
prove that the lateral jlressuye required must be enor- 
nlons in order to get a hold, and prevent such a weight 
absolutely slipping between her hands when the up- 
ward force comes to be exerted. 

R. TY. SIIUFELDT,B.S.A. 
Fort TVilrgrate,New Ncrico, Beb. 19. 

THE MICROSCOPE IN GEOLOGY. 

lllasv persons have lieard that the micro-
scope, crerywherc recognized as inclispensable 
in tllc investigation of organic nature, has also 
reccntly been made usc of in geology ; but 
very fen hare any distinct notioil of the sort 
of l)roblc~ns to vhicll it  can thcrc bc applied, 
or of the may in which it can contribute toward 
their solution. The dctcrmination of the dif- 
ferent minernls nliich coinposc TTery fine grained 
rocks may donbtless appear, even to many 
gcologists vho  have bccn nccnstomed to deal 
wit11 oiilg great areas aud mountain masses, a 
matter of s~iiall importnnce ; and they often 
fail to sce that thc rncthods nhich rcnclcr such 
a dcterrnination possible, are capable, if prop- 
erly employccl, of' tlirovi~lg mucli light on soilic 
of the most clifEcult questions vith which they 
hnvc to deal. 

The microscopic stucly of rock-sections is 
onc of difficulty, ant1 iiicleed qnitc disconr-
aging to n bcginncr nho atteinpts it nithotit 
proper guidance, no matter how familiar 11c 
n ~ n y  bc with mineralogy, or with the nsc of the 

microscope ill otlicr fields of research. Tliis 
fact, con~jlccl mitli thc newness of tile branch, 
sufEcicntly accounts for the nmnber of workcrs 
in it still being so sillall in this country, whicli 
l~resents nnriralled opportunitics for its cul- 
ti\ ation. 

Although tlir iiie:~ of preparing rocks ill 
transparent scctiorls for tlic microscope ori- 
giiiatcil with :in I1:nglisliman, thc fruitfill line 
of research to ~vliich it gave rise has since 
becn allnost esclusivcly c~~lt ivated ill Gernlany. 
Here thc scecl fell into soil rnadc :dread. fcr- 
tile by tlie labors of olcler geologists, and 
sprang a t  oricc into a strong ancl rapid growth. 
The keen perception niid great eriergy of Zirkel 
first made linown tllc microscol~ic al)l)carailce of 
thc colnlnoil rock-forming rniiierals, as ~rt.11 as 
iliscorercd the wide ~listribntion of otllcrs before 
consiclcred rarities. TTogelsang, not contented 
ii~ercly to obscrre, was able to draw from liis 
stuclies thc most sogges t i~e  conclusions, which 
he aubstantiaterl hy ingenious :incI clclicate 
esl)erin~cilts. I t  is, homcvcr, to Roscnbuscl~ 
that the clcrelopinent of petrography as a sci-
ence is most largely due. 111 liis work, puh- 
lishcd ill 1473, he slio~vcd in a nlastcrly innnner 
how mliat hncl been learned of tllc optical prop- 
erties of iliffercnt crj  stals, especially thcir 
action on polarized light, could bc npplicd to 
thcir ideiitification in thin sections, thus ren-
dcring a rigicl i~~icroscopic cliagnosis for tlic first 
tinic possible. Froin this time on, the inter- 
est in this braiicll of investigatio~ became in 
Gcrmaiig very general, and its growth propor- 
tionatclg rapid. The attainment of the long- 
clesired scpara t io~~ of rock constitnents, even 
vhen of tllc s~nallcst size, by rlicnns of solu- 
tions of high specific gravity, and thc pcrfcc- 
tioii of many n~icro-chcn~ical reactions of great 
precision, followed each othcr in quick sncces- 
sion, ~ult i l  to-day thc accuracy nnd bcaoty of 
petrographical metliocls are ltardly second to 
those fo~ulcl in any othcr branch of natural 
scicncc. 

Tlic geologists of othcr countries on thc con- 
tinent, especially in Francc nntl Scanclinnvia, 
soon perccivecl the value of thc German work, 
and early availcd thcrnscl~ cs of its results to 
start siinilar in\-estigatioiis in tlicir o~vn  comi-
tries. I t  is a surprising fact that tlie npprecia- 
tion of it aniong E;~~plish-spcnkiiig peoplc has 
beer1 so slow, that not onc reliable tcxt-book 
on tlie subject of petrographj csists in tllc 
Inngoage of tlie inan who gave the first im- 
pulse to its nlocleril development. Any lcnovl- 
edge of tile subtject in i\inerica is rccent, dating 
from thc publicatioil of Zirlcel's ' Jlicroscopical 
petrography ' in 1876, Ilow steadily the inter- 
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est in it is increasing, however, may be judged 
from the number of American students who 
have been and still are pursuing it at various 
German universities. What is needed in this 
country are well-equipped petrographical labo
ratories, so that those who are unable to 
avail themselves of the facilities which Europe 
affords maj- not be compelled to remain in 
ignorance of what is daily becoming a more 
and more necessaiy part of a geologist's train
ing. An attempt to organize such a laboratoiy 
has recently been made at the Johns Hopkins 
university and the encouragement which it 
has ahead}' received seems to abundant^ jus
tify the experiment. 

Heretofore microscopical petrography has 
been essentially a branch of mineralogy, but 
its future certainty lies in the far wider sphere 
of geolog3T. The mere laboratory stucty of 
isolated rock-specimens, which has served so 
good a purpose in the perfecting of delicate 
and accurate methods, no longer possesses any 
significance, now that these are so thoroughly 
developed. What in Germany has been secured 
by years of patient labor may now be learned 
in a comparatively short time. Geologists have 
only to know and realize its application to their 
field of work, in order to eagerly avail them
selves of such an important aid. The use of 
the microscope alone will in future produce but 
little that is new ; but its possibilities in geol
ogy, when intelligently emplo3'ed in connection 
with the most detailed and careful field-work, 
— the necessity of which has been increased, 
not diminished, by its introduction, — cannot 
be easily overrated. 

What paleontolog}^ has done for the fossilifer-
ous deposits, this, and even more, the micro
scope must do for the crystalline rocks. The 
less altered forms of igneous masses have thus 
far been almost exclusively studied ; and, 
although they still have much to teach us, it is 
not b}T their investigation that the microscope 
is destined to yield its greatest assistance to 
geology. The changes, structural and chemi
cal, which go on in rocks after they are first 
formed, leave behind them more or less distinct 
traces which it is the special province of the 
inicroscope to follow out and interpret. Of 
how much has alreacty been learned regarding 
the alteration of sedimentary rocks near their 
contact with eruptive masses, the work of 
Rosenbusch in the Vosges Mountains, of Lossen 
in the Hartz, and of Hawes in New Hamp
shire, is abundant proof. The wide-spread 
changes which rocks subjected to regional 
metamorphism have undergone, are far more 
complicated and difficult, but they can un

doubtedly be studied with as great success. 
It is by dealing with such problems as Lossen, 
Renard, and Lehmann, in Europe, and Wads-
worth in this countiy, have especially pointed 
out, that the microscope in geology can in 
future render its best service. The manner 
in which this can be accomplished is by the 
patient following, step by step, of unchanged 
rocks into their most completely altered equiv
alents, and carefully comparing the condition 
of each constituent at every point. In this 
manner the succession of changes which they 
undergo majT be as completely worked out as 
though we could see the process actually going 
on before our eyes. The alterations of olivine 
and enstatite to serpentine, of pjToxene to 
hornblende, and even the reaction of two 
minerals upon each other in forming a third 
of intermediate composition, as shown in the 
rim of amphibole which surrounds olivine 
where it is in contact with plagioclase, have 
all been traced by the microscope through 
every stage. More recently the effects of 
pressure exhibited by the bending and break
ing of ciystals, the disturbing of their opti
cal characters, and the local crushing of the 
rock constituents, have been carefully studied. 
This is found almost alwaj^s to be attended by 
the formation of new minerals, like albite, zoi-
site, mica, garnet, etc., whose }Tounger origin 
is only to be proved b}- a microscopic investiga
tion. I t is impossible to mention here a tithe 
of what has already been done in this direc
tion, although a beginning has hardly }Tet been 
made. What are especially to be desired are 
detailed studies of man}^ small areas, where the 
same rock, whether eruptive or sedimentaiy, 
can be traced from its original form to its most 
altered state, and a comparison of the results 
obtained in each. This Lossen1 has recently 
attempted for the southern Hartz, and has 
thereby indicated what is perhaps the most 
promising field for microscopic work in geol
ogy. GEORGE II . WILLIAMS. 

THE SPANISH EARTHQUAKES.11 

T H E Spanish peninsula has been the scene 
of a series of earthquakes, which, for extended 
duration and disastrous effects, surpasses any 
thing that has been felt in that region in recent 

1 Studien an raetamorphischen eruptiv- und sedimentgestein-
en, erlautert an mikroskopischen bildern. Jahrbuch der preuss. 
landesanstalt fur 1883, p. 619. 

2 In preparing this notice, the following journals have been 
consulted; viz., Cronica cientifica (Barcelona), Science et nature, 
La Nature, L'Astronomie, Comptes rendus, Cosmos, Hansa, Na
ture, and various English and American newspapers. 


