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certain kinds of trees or plants, also the peculiar forma- 
tion where groves of some kinds of valuable trees mere 
found growing to large dimensions. 

(f) The apparent geological history of the granite hills, 
dykes, reefs or lodes, moutonn6d ridges, erosion-formed 
ridges, and of the leads or placer mines. 

The region in northeastern Nicaragua chosen for 
description in this paper as typical of a few others in that 
part of the country is a wilderness unoccupied by man1; 
and although this locality is a part of Nicaragua, neither 
the government nor the citizens of that country have even 
a vague conception of its importance and its truly great 
undeveloped wealth in valuable minerals and metals, 
timber, and agricultural lands. The ceutre of this chosen 
locality is about longitude 85" TV. (from Greenwich) and 
latitude 14" N., and embraces the headwaters of Uawa-
wass, TiTilson, Loccus, Umbra, Waspoopoo, Moorawass, 
Sangsang and Daka Creeks, and TT'asspook River, con- 
f luen t~to Rio TVaukey, or Coco River, aud also the line of 
Cerros, about sixty miles long, just south of the Wasspook 
lliver. 

The granite masses appear to be ill two parallel lines 
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Dr R I ~ J ~ ,the August, 1892, tell past year, col~~lnencir~g 
moat l~s  of nearly continuous exploration have been spent 
by tbe author orer an area of some 10,000 to 12,000 
q u a r e  miles in the uninhabited ~vilderuess ancl jungle 
that cover a large part  of nortlreastern Nicaragua, exam- 
ining .the geology, mineralogy, and flora existing in great 
attractiveness ancl variety in that part of tbe country. 
Among the nunierous interesting features and peculiari- 
ties discoverecl or noted that are worthy, from both a 
scientific and econonlical point of view, of a more special 
description than was given of them in my paper, "Hydro- 
graphic Area of the Rio TVaukey, or Coco-Nicaragua," 
published in Science, in April, 1893, are the following: 

(a) The granite outbursts exposed on the tops of oval- 
shaped Cerros oy mountains, ancl which also form the 
Cima del &rro and longer axis of long, high, mountair1 
ridges. 

(b) The numerous moutonn6d ridges and lateral and 
termiual moraines, in series that evidence the former 
exihtence of a glacial epoch which covered an area of sev-
eral thousand square miles in Nicaragua with a flow of 
glacial ice. 

(c) ?'he erosion-sculptured C'er.ros that intervene be- 
tween the granite hills and moutonn4d ridges, composed 
of debris denuded from both the nearby granite nloun- 
taias and materials from mountain ranges found further 
to the soutlzward. 

(d) The reefs or lodes (many of them auriferous) and 
dykes (of cliorite) in which auriferous c lu~rtz  veins nre 
discovered piercing the mountains and ridges parallel to 
the length of tile selies of the system; and also the Post- 
Pliocenc leccie of drifts of gravc.1~ and boulders. (;old 
is found exposed in the banlrs at  sides of str~nrns; 
that appear ro extend through the erosion-sculptured hills 
near their base. and also the alluvial leads, drifts of gravels, 
gold, etc., founcl in the channels of the creekn arid in 
strata in tbe lower parts of valleys. 

(e) The composition and fertility or non-fertilit~ of the 
soil and its fitnesn, in places, for the vigorous growth of 

amphibole, syenites (with and witjhout quartz), and also 
protogene and plagioclose varieties appear most numer-
ous. The cooling hns permitted the crystallization of the 
minerals so similarly a t  about the sarue depth front the 
surface (isogeothermal zone) in each line of ridges, as to 
indicate that the two exposed lines were of the same mass 
ancl lowering in temperature at  the same rate. The 
granite has been exposed by erosion, and the hills, also, 
have been erocled deeply a t  many places, ancl the rocks 
have, at  s ~ v e r a i  places observed, become disintegrated 
and decoinyosed, in s i t~c ,to depths of five to twenty feet. 
The oxposed granites are in series of spurs and ridges 
that extend northeastwardly for about ninety miles from 
the Barbar bIountains (at the southeastern termination of 
the Ma,tagalpa system of mountains), and form an angle 
of about 120° wit11 the southeasterly and northwesterly 
direction of that mountain system, which is composed 
largely of Archean ancl Silurian era rocks. 

The northeastern ternlination of theae granite spurs and 
ridges is near to the confluence of the Rios Tl'asspook and 
Tauclue, at  a distance of about one hundred miles west 
fronl the Carribbean Sea, on the eastern coast of Nicara-
gua, and about the same distance south from that sea on 
tho northern coast of Xicaragua. The forces causing this 
~lpheavalof granite appear also to have fissured the super- 
imposeii and adjacent syste~ns of roclcs for rrlany miles.. 
These fissures are now fillecl by cleposition of minerals 
and xriott~ls from liot sol~t~ions,  and are now reefs or lodes, 
containing quartz, gold, metallic ores_, and other minerals. 
Kear t21e ndrthern terrr~ination of these granite ridges 
were found patches, of varying size, of auriferous sands, 
gravels, clays, and boulders-detritus transported by 
water from the denuded granite hills and from ranges in 
the Watagalpa systern of mountains. These deposits of 
detritus increase in size northwardly, until covered north- 
m~ardly by the sanis  and mud colnposing the delta of the 
Rio TVauque; and on the west the deposits of detritus 
were in large clnantities, and subaequently have been 
soulptured by erosion into hills and ridges; also found 
resting in s~nal lrtreas on the granite ridges are boulders 
in size frorii a few pounds to over two hundred pounds 
each, of varieties of bluish glaucophanyte, or hypera-

1Rece~ltiy or  riiree Latin-Americnns liave, in a crude way, s i~nulated 
placer-mining work in one or two of the nlineral iocalities. They appear 
i~opefuland cheerful. 

~ l tis very difficult, frequently inlpossible to  trace the extent of the out-
cropping of lodes or reefs, and even of dykes, in this wilderness of den-e 
growth of tress, vines nnd plants and a deep soil. 
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thenyte, or augxte, or trachyte roclis, that appear thiclcly 
sprinkled with pyrites and magnetic and titanic iron ores; 
these boulders were weathered tomnrd tlieir centres from 
one to three inches, and were found Lo be auriferous-in 
some instances, higlily so; tiiey differ in cclniposition and 
color from the hornblende a:zd ortlioclase grauite~luass 
forming the axis and serratscl riclges of h e  iiilis, also froin 
the boulders niixed with the pateiies of clay, aailils, gravels, 
and boulders that are found to the s o u t h ~ ~ n r d  theseou 
granite hills and ridges. This fiiling up of for11ler esist- 
ing valleys with the niaterials worn off, iil part, from the 
granite ridges, e\~icle~lccs a s~tbsidence in that locniitj- at  
the time, ancl this e~iclenco is supported hy the existeuce, 
to the north of the granite hilis and between them ailti 
the TiTauque, or Coco, iliver, of a di~connect~edliae of 
limestone; on one ciepression of this limestouo a deposit 
of the auriferous clays, sands, gravels, and boulclers was 
founcl. The eroding into hilis aild ?-alleys, as they at 
present appear, col~iposed of the rnass of detritus of disin- 
tegrttted granites, etc., is evidence of a subsequent eleva- 
tion of that entire region and the cornplsting of one oscil- 
lation of subsidence and of re-elevation there. 

The niouto11n6d ridges extend for about sixty miles in 
a series of parallel obloug ridges uortheast\i.al.il!;7.arll;y froin 
near the base of the tail Barbar and I'e6a Blanca AToun-
tains, that at present have an altitilcl:: of over 7,000 feet 
above the Caribbean Sea. Oile of the projecting lines of 
moraines es te~idsf wther norf,hwa,rd, ancl is about ninety 
iliiles long until it termit3ates at  a dyke, on whose sides 
auriferous gravels are fo~inti,iil which the Eio '",Vwuciue 
has cut its chalinei a i  Saii Ramon. 

This s ~ s t e l n  of moutouii6d ridges extends to a width 
enstward n.;d \vestward of itbout twenty -1Lc-e miles, a ;~d  
has at  preserlt an altititde above the c:.eeks at  its base 
of from 70 to 400 feet. They were foilud to be corlq,osed 
most generally of unstratifir:d c!ays, sa?lcls, gravels, ail6 
boulders; occasionally, howeyer, these rilateri:~ls are partly 

southwest), and of nlaterials eroded frorn the adjoining 
and nearby series of granite liills; the ~ilaterials com- 
posizlg thein have been oelneutsd ancl concreted into semi- 
hard rocks and conglomerate masses of elastic rocks. The 
altituc1.e above the Caril)henn Sea of lllany of these granite 
ricljie3, erosion-formcd thr i-os and moutoiln6d ridges, is 
from i,(iO!i to 3,500 feet; all are covercd with a dense 
growth of large trees, w, in some places ou the erosion- 
formed ridges, covered with a jungle of trees, bamboos, 
vines, anci other i-egetation. 

Tile reefs, oi* lodes, strike enst of north and west of 
south: parallel to tile long asis of lihe ridges ancl moun- 
ta,iils, and those discoverecl nsually dip a t  an angle of 
about 120" south. 'l'hoy are frorn (5 to 30 inches wicle, 
and ust~ally appenr to be ricll in gold ancl in metallic 
8ulp!ii~les and arse~iides. The reefs a t  the grnnite ridges 
are pt~rnllel with tilose j,idges, and founcl at  the contact 
betxreen the graniio aaci silperixiposed rocks (though 
sonre appear to be in t,lle granite) as priucipal lodes, from 
whicll esieud at  various angles into tile adjacent erosion- 
cnrvect Gf(::el.ia:; many fissuros containing the oxide of 
metals, go!cl, suil)hitles, etc. Sorne fern of these fissures 
a p p e ~ r  to contii.~ue ilorthv:ardly iuto the 1nol:tonnLd 
ridges; bnt this was not, verified, because of the cleep soil 
and dense undergro\.:",l that covers $lie surface of tlie hills 
and valleys at that locality. The reefs parallel with the 
granite ridges extead southmestwnrdly to new tile Burbar 
Mountains, where 'hey appear to form aa ol)tuse augle 
with ilia auriferous reefs, or iocles, that extend (southeast 
~ n dnorth~vesLacross Nicarngi~a) along the foothills (JI- tlie 
lIetngaipa systeui of froill the Guribbeau Met1li~ounir~iiis, 
to the Pacific: Ocean. Ii the granite hills were discovered 
i;wo lii:.ge deposits of iron ores. limonite autl lie~ile~tite. aud 
one ckeposit of mr~nga11ese ore, the bltic!~ iii-oxide 1)yrc)- 
l u s i ~ e ;  also :;r:;pi~.ite :ind seine ti11 sulplli~le, s?ar_luite, 
whetlie:. i n  paying cj:~untities v~ not. i. e., p~ofitahlet o  
mining, lias not 'l~ee;? Cet-l.iii_iaed. s~tisi'actori.j.. hecttase 

stratified and partly assorted. The enclosed b o ~ ~ l d e r sthey were found 'but recsiitiy, this yeadr, 1893: in an nnin- 
are of various sizes, from ten pounds to several tolls 
weight, and are usually aiig~~lttr  or sub-axlgular, becoming 
oblong and oval as the sei.ies of mout,on1l6d ridges exte~ld 
northward, i. e., to~vards the> ITauy~le )liver, and are corn- 
posed most generally of fragiiienls of auriferous cpartz, 
granites, syenites, hornblenclic leicispatic roclis. 

These ii1outonn6d ridges have heen delnrclecl and eroded 
by the very energetic and potent meteoroiogical forces in 
this locality, until numerous large bo-ulclers have been 
displaced and lie on the sides ailil nt the 'base of the 
riclges; also numerous gulleys scora deeply the sides cf 
these ridges, and deep ravines or channels of the 8owi11.g 
creeks sepal,? te many of tilorn Eroni each other. These 
rnoutonaCrl ridges are nnquestiouable svidencos c;!' a 
glacial epoch ancl of a long-continuer! glacial 80::. a i  th is 
low parallel-only P4O north from the equator;-~rliich 
covered quite a large part <>Ithe present e:iisting narroiv 
divide of land (contaiaii~g about 18,000 squa-re ~niles) 
between the Pacific Ocean and the Carib'oean Fica, hd-
joining the granite hills ou the norhhwarcl s-ild nortllwcst- 
ward,often between the il1outonn6d and the grailite ridges, 
are a nuliiber of erosion-sculptured hills t'i;nt have Leon 
carved out by tile draining forces ai-teilding the el_evatioil 
of lands ill that locality: and evidence that elevation, :nd  
subsecluently by meteoric forces. Tlrese hills of erosion 
are composecl of the detritus of rocks trmsportcd by 
~ i ~ a t e rfrorii the southeastern eudiug of the ?,latagiilp:~ 
system of inountains (a distance of se~renty to eighty miles 

L4t latitude 129 20' north fro111 the equator sinlilar nioutonned ~ i d g e s  :tnd 
glacial epoch ini,raines wire cl~aco-;t-red otl tlie s.ji~:liside nf rile suutheititern 
termination of tile Matsgalpa sy stcnl oi lrlountni~l range:,, a ~ l dmere es:im~ned 
by the author oC this paper in 1993,and ~ e p o r l e d  oil i o the British Associntion 
for the Advancement of Science, the Anierican Association for the  Advance-
ment of Science, and oflicially to the Government of Nicarapa.t. 

habited r~ildernass; tliej. are, liowever, in a thorouKhlY 
mineralize& locality. The auriferous reefu are of the 
Dioritic gold-evoll-ed ern (as classlBed by David Forbes, 
li'. R.S., in his pnper "9n the Geological Ep~och at Whicll 
Gold Hcis 3lade 4is Appearnnee in the Crust of the 
o:trt!i"),' and Qppeai. at the surface often where many 
greenstone roclis were discovered. 

The am ifi;roii~;,,lacer deposits or leads of clays, gravels, 
sa-itls, goid, aud boulders are of differellt geological epochs, 
viz. : thc strt~.tt% of partly- cemented n,nriIorous drifts of sands, 
gravels. ete., exposed in  ~:atches, ~.,ln:til -to several acres, at  
the sides new t!i': b ~ s e  lihe ero.ir>iz-fornied hills and 
appearing Lo lsitss Lhroilgb t h o ~ ~ i  hills, auc? also found in 
the u p p i '  ~i11lej.s a t  vitrying depths beneath the surface 
a~ndnt :>1xn;y i~iaces exposed in the banks aloag the sides 
of tLi: creelc;. These !eri,cls of gn,a~,eldrifis are frolu 8 to 
20 incl:;i,s i i i i c k  and ni~tlclo~zgh fe\.; masses of gold visible 
to the uar,id!:c! eyu were vbserveil in them, yet ~i-hen tliey 
had k ~ o n~-t:".,:j:~adorit Eror:~ a pan there mere frequently 
left in the pnu particll-3, grains, and small ilodr~las of gold, 
or oCcnsio;in:'y Ii~~~tifi:iti:il small ni:tsses of go!il of augula-L.. 
silb~augulnr,L L I ~oval fo~ms .  Tliese aye '<uiiuvinl clrifts," 
or grayel. beds, foriiird illlring tile latter part, I ail1 in- 
c l i i~eJto  helis~re, of thr: i>iaalupl.a,in eljdch, arid usui:,!ly 
contain only a ~aral! per cerrt of sub-augular ~ , n dpartiy 
r:mudecl cjual'iz. :Fils gd?.c? found in them is in rather 
con,rse graiils nzrd pa~iicics, as describecl., and o ~ r i d e n t l ~  
derived i'ron~ three sourcgs: 

(a) 'Yho rturiferous reefs that traverse th:~t part of the 
country, and- 

(b) li'roa the deeply clisintegraJt~d granite Inasses, and- 
(c) FroL;l the disrnptei? masses of quartz, pyrites, etc., 

$See London Geological Magazine, III., p. &-,. 



November 17,1893.1 SCIENCE, 

that once were enclosed in the moutonn6d ridges, and 
subsequently eroded therefrom. The gold is beiieved to 
be in quantity sufficient to be profitable to mining opera- 
tions, especially bec.use the mining could be done econoni- 
ically by water, which is convenient, abundant, and has 
a rapid fall or descent in the nearby creeks. 

The alluvial beds of auriferous clays, sands, gravels, 
and small boulders that are found in the beds of some of 
the gulches and in the cllannels of some of the present 
system of creeks are often partly cemented by llydrous 
oxide of iron in sorne places and by silica at  other local- 
ities. These deposits were commenced, I am persuaded, 
during the Terrace epoch, and, in some places, are appar- 
ently quite rich in gold of rough, semi-angular pieces and 
in rounded particles; r e t  sonze of the particles of gold 
in the srrlall creeks or nearby dry gulches appe:~: so 
angular and undisturbed at  their eclges as to impress 
one with the opinion that they have irlcrensed in 
size, "grown," where they ara discovered by additious 
from passing solutions conta,ining gold; the chief sources, 
however, of the gold found in these creeks are t.he same 
as those named under the head of reefs or lodes, with ad- 
ditions of gold from the older leads above described 
found in the upper, and apparently passing through the 
erosion-formed hilis and from accretions of gold deposited 
from passing auriferous solutions. The bedrock in some 
of the creeks is an iron-cemeateii arenaceous argillyte 
resting on a bed of partly cemented boulders, sands and 
clays mhich appear, at  one place discovered, probably in 
the entire locality, to rest on strata of auriferous con-
glomerates or breccia and this on an amriferous gravel 
superimposed on a bedrock of nletamorphoscxi shale or 
slate. 

Geological history. \Ye found several obstacles inter- 
vening to prerent, at present, that careful examination 
necessary to determine the geological epoch, when these 
granite ridges mere upheaved and when thereafter they 
were exposed by the denudation of superimposed strata; 
during what epoch the regional elevation occurred and 
the erosion-sculptured hills in that region mere formed; 
from what socks or sources came the gold found now in 
the reefs or lodes traversing, longitudinally, the moun-
tains and ridges. 

One obstacle is that no ravinee or canons were discov-
ered that deeply enough expose the strnta toward the 
centre of the mountains or ridges 

Other obstacles are, the very dcep disj~iteg~ation, in situ, 
of the exposed rocks ancl the deep soil covering the sur-
face and also the dense vegetation, frequently a jungle 
difficult to cut a pathway through, covering in matted 
masses even the nearly perpendicular sides of ravines; 
but, tentatively, and from the clearest examinations me 
could make, we form the following geological history of 
this locality. 

1. The granite in the hills and ridges was forced up 
through Jurassic it ulsturned period and later rocks a ~ ~ d  
to neGly vertical Che superimposed strata, in son~e  of 
mhich strata were discovered moulds of silica (lined with 
sn1a11 crystals of quartz) like the 'Trigonia Conradi, also 
others like moulds of Tancredia iTarreniana. 

The fissures, also the clykes of diorite, appear to have 
resulted from disturbances occurring in epochs :Post-
Oolitic, but not extending later than the Cretaceous, tLi:j 
being the latest known or gencrnlly recognized time or 
period during mhich gold has bee11 c:oiiveyed iu large 
quantities or percentages, as a conatituo~~t in granites and. 
diorites, up to the earth's crust; these :li~riferoils granites 
and diorites are certainly ab~undant in this region and are 
not Palzeozoic nor Cenozoic rocks. T?lc goicl. in the reefs 
or lodes has been dissolved from the grnnites and 
diorite rocks by hot nlineralized 71-aters and deposited 

therefrom into the fissures or reefs, on cooling or on de-
oxidation of the solutions, either enclosed in pyrites or as 
free gold. 

The gold in the placer mines, drifts or leads, appears 
t c  have been d6rived almost entire!y froill the disinte-
grat'ed and denuded granites forn~ing the mountains and 
fro111 the reefs in the n~ountai l~s;  a small percentage of the 
allizvial gold is, however, from the small areas or patches 
of auriferous quartz eroded f-i.0111 the nloutonn6d ridges, 
also a small percentage of gold has been deposited from 
passing alkaline ~vaters that contain gold in solution.^^ '. 

The patches of auriferous quartz foulid generally a t  the 
base of the n~outonnkd ridges as if eroded from them ap- 
pear to have been transported (with the other materials 
composing the moutonn6d ridges) fronl auriferous reefs 
in the ridges forming the southeastern part of the Mata-
galpa system of mountains. 

The boulders of bluish-colored rocks, auriferous and 
containing a large percentage of pyrites, found quite fre- 
quently in that region, are usualiy sorrle rariety of the 
soda-boaring ho2:nblecle rocks like glaucophanyte, although 
bluish trachytes, also bluish hypersthene boulders, 
so:ne of them auriferous (probably all of them) were dis- 
covered. Some of the rery interesting observations noted 
mere: (a) The altitude above the Caribbean Sea (aneroid 
readings) of several of the hills and ridges in the region 
herein described Is from 1,000 to 3,600 feet, consequently 
the flow of water to the Caribbeau Sea, only 90 or LOc) 
miles distant, is very rapid, there being no swamps, only 
those of brackish water in the delta of the rivers; this 
rapid descent of water from the mountains over numerous 
rapicls, cascades and falls in the creeks and rivers offers 
many places where great ~ z t e r  power or pressure could 
be had to move rriachinery for sawing logs, tiefibrenating 
plants, mining, etc.; ( b ) That region, excepting the clay- 
surfaced nloutonned ridges, is corered, from two to twelve 
or more feet deep, with a very fertile soil con~posed in 
large percentage of partly decomposed regetable matter 
(nitrogenous) and potash and other alkalies and alkaline 
earths, from the alkdi-containing rocks, granite, feld-
spar, etc. Consequently there are excellent agricultural 
lands for corn, potatoes, coffee, tobacco, almonds, etc., on 
the sicles of the hills and ridges, and suitable for sugar 
cane, plantains, bananas, cacao, India rubber trees, etc., 
in the valleys. Some of the m o u ~ ~ t a i n  lands are admir-
able for coffee, and in the upper -valley lands, indigenous 
cacao trees (Theobroma) of good varieties are numerous; 
(c) The climate is warm, but not uncomfortable, no 
lagoons nor swamps in the hilly region; (d) On the moun- 
tain ridges grow forests of large trees, among mhich ma-
hogany, cedar, rosewood, sapote (Ulva sylvestra), iron 
wood, guanacaste and nispero appear to be the most nu-
merous. 

The tuuoo trees' are also numerous and of large size, 
and, young vigorous-growing India rubber trees (Sypho-
nia, elasticos) are very e~banclant, while in shadecl moist 
places, the surfaces of ilisintegrati-ng rocks are fre-
ciuently covered with tile beautiful velvet vine of Xicar-
ragua (first discovered about 1856 in Xicaragua), having 

>(.;old being iuvarinl~lv found in the granitic series of rocks especially 
those of P~t1mozo:c and i~eso ro i c  eras and early Ter t iary  yr.- ,-'!. .'' , ,','. I a m  
illclilled t o  beiieve, influence us to recognize.ttle gold as :! : . ' , : I ,  andr n ,  

not  nierely an  accessory mineral in the rock. 
'irI'i:e fact o f  the ens ience  of goln in rocks o' "-7 -.l'::::iL8 .;.:.'. ,. appears to  

::ivc. .. - . - .  .' A . the theory of the successional 8 . ,. . . I  . I : I ,  elements in 
t i l e .  : ,  ; . . of greatest sp. gravi ty  being nearest to  the ezirt11.s centre. 
lJl;;tin:~m, gold and iron appear to  ha\-c been brought to  the  crust of the  
e . ~ r t l ~in every uphea\,al of granitic masma. 

7,rne tu;loij exudes ';.ck,i\-. \<i?!l ., ,nrilietl, a milky juice appearing like the  
ri:il~<or  s.rp it::?t iion-s I'1.c) 1 1  8:ri.G I : i  ':mns 111 a n  India rubber  tree,  but  concretes 
i i l ~ on xu:;l percha. texture of strong li!ie g i ~ ! t : ~  'I'he fibrous inner bark  1s a 
in ius1v~, rcniibrcb and can be ren:o\-ed f rom the t ree  in pieces a s  wide a s  the 
c,r.,uii~;ei.e~lcc feet wide) and of tile tree (irm: t h e e  co six or six and a half 
tweiity to  f o r t y  ieet lung.  'rhe Yooll~oos and Sambos use this bark as bed-
~ l , ~ i h j n g  bark  for  these and as  clothing for tlleir boilies; they prepare the 
purp[jsus af ler  ren~civin:: it ironl the tree 11)- wettlng in water and softening
b y  beating it with sticks. \viie:l i t  "I~c(,L~::-:.ioi i :ill~l l.~?il,iins \-ery strong. 
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its exteriorly pure, white, trumpet-shaped, velvety flower 
tinted with various clear colors of purple, golden, pink, 
etc. Orchids in g re :~ t  variety are numerous, also ferns of 
all sizes, up to trees twenty feet high, are abundant. 

This wilderness contains much undeveloped wealth in 
its export varieties of trees, medicinal and fibrous plants, 
and in its undeveloped minerals, metals, and very fertile 
agricultural lands, and has much to interest scientists, 
especially naturalists. 

J u l y  jo. 

A NEW liEFLECTING ASD DIRECT ACTING POIAR- 

ISCOPE FOE THE ARC LIGHT PROJECTOR. 

BY CSCAR KNIPE, PHILALELPHIA. 

R~FERLIINGto a paper on the subject of Projection, pub- 
lished lately in Engineeri~~gand several other periodicals, 
i t  was then indicated that most of the accessory instru-
ments for Projection, among them the polariscope, would 
become more popular and find increased employment in 
the various courses of instruction. The arc light being 
so convenient, prompt in application and so perfectly sat- 
isfactory, suggests, of course, an extended application, 
and in consequence the expert will frequently find chances 
for improvement. 

The favorite construction of the polariscope has been 
with h'ichol's Prisms, two of these being employed, one 
for the polarizer and the other for the analyzer. To ob-
tain brilliant effects it is necessary that the former should 
be a t  least two inches across the face; unfortunately i t  is 
now imljossible to obtain such large crystals of spar, and 
as the denland for these instruments increases very much 
the reflecting polariscope again comes to the front; the 
old elbow arrangement furnished by some makers of in-
struments is a very clumsy attachment and inconvenient, 
as it requires the projector to be turned side-ways so that 
the light can reach the screen in front of the audience. 

Various modifications have been proposed mainly by 
London makers and amateurs to obtain a direct acting re- 
flecting polariscope by two opposite surfaces set in a box 
at the usual angle and deflecting the beam upward or 
downward, but  the main objection, that of being incon- 
enient, still remained. The optical bench of the Para-

gon Projector offers, however, special advantages in that 
respect; the distance from the centre of the arc to the 
slide base being suEcient to allow a downward polarizer 
tu be adopted, leaving abundant room for the object 
stage, objective and analyzing prism upon the bench. In 
practice this instrument is found to be simple in adjust-
ment with the light, and the results obtained are surpris-
ing; the field projected is perfectly 3ircular and even, al- 
ternating it light and completely dark by rotating the 
analyzer. The object stage here used is a novel devise; i t  
consists of two uprights which open and close by a spring 
forming a clamp, a rotating ring with spring clips is se-
cured to each clamp upright, so that three objects can be 
combined at one time, which is required for circular and 
eliptic polarization. The stage for exhibiting the phe- 
nomena of polarization in crystal, glass forms (verre 
trempe), and those produced by heating the object will 
be described a t  a future time. 

The polariscope described above is specially adapted 
for plane and circular polarization of geometric and 
fancy designs of Selenite and Mica. The latter is eas-
ily obt,ainable and can be split into laminz of various 
thicknesses, the thinnest that can be taken off in a 
square of about two inches is technically known as an 
eighth wave plate, the next thickness equal to two one-
eighth films superposed is termed a quarter wave film 
and another equal to two one-quarter films superposed is 
the half wave film. The quarter and half wave films are 

the most useful in producing the most marvellous color 
combinations imaginable, not only in the gay primaries 
of the solar spectrum, but also in the more quiet grays 
and plain colors generally; taking a specimen composed 
of four or six strips of selenite about one-quarter of an 
inch wide by one and a quarter inches long, laid closely 
together, i t  will project its primary colors a t  once upon 
the dark field obtained by the position of the analyzer; 
the slightest turn to the right or to the left produces a 
change in the colors, but if we more the prism through 
one-quarter of a revolution the field is changed to a 
ground flooded with light and the colors have respective- 
ly changed to their complementary tint, the carmine has 
become a pale green, the lemon color an azure blue and 
so on; they are termed complementary because when su-
perposed they produce white light. dllowing the speci- 
men to remain, we take advantage of the rotary slip in 
front of our triple object stage and place there another 
specimen of selenite strips exactly like the first, but place 
i t  a t  right angles or diagonally and we now will have an 
illustration of the fact alluded to that complementary 
colors produce white light. The reason that only here 
and there a square or diagonal of real black or white is 
produced is found in the difficulty in matching exactly 
the films. After passing through the rarious changes, 
taking a note perhaps of the exact angle a t  which a cer- 
tain color is produced so as to be able to repeat i t  after- 
ward, we will remove the specimen from the front of the 
stage, and replace it by a quarter wave film; these have 
generally the axis marked on the edge by an arrow. We 
shall now obtain a decidedly different set of colors, which 
con be varied by rotating the analyzer; but notice now 
that instead of the two complementary colors we have a 
continual interchange of four or more colors, which can 
all be registered and repeated. When the quarter wave 
or half wave film is placed on the rotary clip a t  the back 
and rotated we obtain a different set of colors as well as 

a colored background. 11specimen representing three or 
four concentric circles, or a wheel divided into a number 
of sections joining a t  the centre or again a thin slab of 
selenite which is ground concave on its face, either of 
these will give the most beautiful and fascinating changes 
of color. As these various types of colors are absolute 
standards taken from the book of nature which can be 
exhibited precisely alike, i t  is obvious that we have here 
in this branch of polariscope study the most brilliant, 
complete and unchangeable system of color samples with 
their complementaries and color contrasts which far sur-
pass any book of artificial colorm. These when projected 
on the screen in a class become the objective point of 
every member, and can be pointed out, and commented upon 
by the instructor. As the geometric designs may be 
varied in composition, the mica films being very inex-
pensive, i t  requires merely a little patience and experi-
ence to produce an unlimited variety. The apparatus 
described in this article is made by Queen & Co. Incor-
porated of Philadelphia. 


