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her of monographs on many points connected with the 
lunar theory duri17g the last six or seven years ; and 
his works show great familiarity with, and expertness 
in, the involved coinputations of this sort of astrono- 
inical research. 

If me nlay judge from the appearance of the 
pamplllet before us, Mr. Stockwell has now quite ter-
ininated his lunar in~restigatioas, and inteuds to com- 
plete the ~~ublicatioil  of his fi;lished tlleory of the 
mooil's motion at  sonle early date. I11 his Introduc- 
tion he has sketched the early historic development of 
the question wit11 that explicitness wllicll we should 
expect rather to have seen in seine thorough elemen- 
tary text-book; strangely, he devotes twice as much 
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space to the ante-Nento~liaa aspect of the problem as 
3838. 
 to the illost ren~arkable derelopments of the mathe- 

- 150 I,EAT)EKIIALL illatical theory which hare occurred since his time. SI'. 


THE S"LTELL1TES OF MARS. 

Tile outer satellite of Mars was seen here on Nov. 
1gt11, and by an observation of Nov. 20th its positioi~, 
was 

WASHIXGTOX, &I. T. 

h. ? I t ,  $5. S. 

1881. Nov.20, 13 15, 7 1 ~ ~ 7 ,45.6. 

This satellite is therefore near the predicted place. 
An hour later Phobos seeined to be visible, also near 
the computed position, but the sky had beconle a 
little thick and I could not be certain of seeing this 
satellite. 

The  planet will continue to approach the earth un-
til Decenlber 2 I ,  and the satellites will beconle bright- 
er. I t  is possible, therefore, that they may be obser~red 
for nearly two nlontlls d ~ r i n g  the present opposition. 

A. HALL. 
\VASIIINGTON,D. C. ,  Aruv. 22, 1881. 

THEORY OF THE 110GY'S ilIOTION.'" 

About a year ago the Trice-President of the Pllysi-
cal Section of our chief scientific associatioaremnrlied, 
in his farewell address : "tllere are nlally subjects in 
astrollonly that need investigation, but ii: illost cases 
the labor required is very great, and the completion 
of the work would occupy a long time. * * * 
T h e  lunar tlleory has beell a vexed question for the 
last tvvo centuries, and may remain so for a long time 
to come." If perslsteilt, painstaking, ailil conscien- 
tious effort have aught to do wit11 such a matter, we 
must add to the list of distinguished lunar theorists, in- 
cluding Plana, Da~noiseau, Hansen, and Delaunaj, the 
nanle of Stockwell. We cannot say that his researches 
have yet met with that notice to ~vllicll they are perhaps 
rightly entitled. Mr. Stock~vell has published a num- 

:"ohn N. Stockwell, Ph. D. (Ii~trocluctory.) 

H e  illalies no mention of Damoiseau, who takes high 
ranli not o111y among pure lunar theorists, but among 
the constructors of tables of the 1110011. His tables 
are ~vell linown to have been the first ever constructed 
from pure theory. 

Though the age of the great lunar investigators is 
now gone, there are sonle very surprising results of 
Mr. Stoclimell's "new nlethod of analysis " to which the 
attention of the few theorists now working at the moon's 
nlotion nligllt well 11e directecl. H e  insta~lces several 
conlparisons of the values of his co-efiicients with 
those obtained by Delaunay in his very refined devel- 
opment; in one case he ol)tains, by a rapidly-converg- 
ing series of four terms, a result ideiltically the same 
~vitll that of I)elaunay1s series of seven terms; and re- 
marks, " the four ternls of illy develol~meat are illore 
accurate than the seven terins of Delaunay's, since the 
seveiltll tern1 of the latter series is thirty tinles greater 
than the fourth tern1 of the former." There is 110th- 
ing new in the fact that the sunl of a very snlall 
nunlber of ternls should coine out equal to a very 
large series, but if theorists call be brought to  
acknowledge the essential accuracy .of the ''new 
metllod," Ltr. Stockvvell nlust no doubt be credited 
with effecting an enormous advance in nlatllenlatical 
astronomy, Mr. Stock~vell llas sho~vn satisfactorily 
to hiinself the correctiless and value of his method, 
and the facility of its application-he nlust now 
address llinlsrlf to the equally difficult task of nlaliing 
others see it in the same light. 

I t  seeins a wholesale assertio~i on the part of Mr. 
Stockwell that there are " seve~al  terins of considera- 
ble magnitude in the tlleories of L a  Place, Plana, 
PontGcoulant and Delaunay, which are not f~unctions 
of the distnrljing force ;"ancl we should, at first blush, 
be inclined to place much confidence in his deinon- 
stration that the general integr:tl assunles the incleter- 
ininate fonn in special cases ~vhich occur in those 
theories. I t  is certainly a no st inlportant oversight, 
and leacls us to believe that the lunar theorists who 
follo~ved I,a Place would have done ~llucll better to 
have built up theories ol' their own with entire inde- 
~ e n d e n c eof what anyone else had done. I t  is a re-
nlarkable fact if this discovery has been left for LIr. 
Stockwell to make. H e  coilcludes : " if the coinpu- 
tations of the present work are correct, astronoiners 
have carried their approximations to ternls of the/t'ft/c, 
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siiwt/z, niirl . S ( ' ~ J C I I ~ / ?orders of magnitude,  before those 3ize fro111 half ;in incli to an incli ant1 a Ilalf ill tliamerer, 
o f  tllc f,$i,.ri jliii;-t/chad  heell  correctly collll,uted. ant1 consist of frlilsl~nr clu;rrt~, l ~ o r l ~ h )  I~ascrlt. 011i')., :"id 
'rl1is secllls to be a sufticiellt ror llearly hlie \ vcs t c r~~  side of lla\l,eli County tlic coppc~- i~ctl is 

~~ac11ct1not far froii: tl-ic 1;r:izos rivi-r; allti \lest of theof tile lullnr tileory during tile copljer :Lgrcnt lxlt  of g! l)suiii liills, sevcrnl niilcs i l l  widtli,
pas t  tliree-quarters of n century, notwithstanding the  e,telltls Ilortll\vnrtl, witll col,l,el. illto t ~ l e  
grea t  efforts n-hich linve been mncie t o  perfect its solu- 
t ~ o n .  I t s  advancement  lins heen blocked by tlie !
ohstncles tlirowa in its pa th  by mln!ysis i tself;  a n d  
\$re slay therefore reasollably llolle for s,lhst,zlltinl illl-
Ixoyen,ent in tile theory alld tsl,les n-lle,l tile)- ,lo 
lollger elll~,nrmssedJJ,itll ecluatiolls ml,icll llave 
e s i s t e i~cc  ili nature." 

IIJe may  rcii1n1.k tha t  there are  t w o  mays in  r~~liicl i  
t h e  correctness of l l r .  Stockwell's coi~clusioils may  he 
tested : first, n mathematicnl expert  competeat  t o  pro- 
i l o ~ i ~ l c c~11011 liis theoretic processes should g o  over 
his morlc !vitll lllost senrcilillg criticislll ill every 
tletnil; allti secontl, his theory sllould be  collll,nre~ 
wit11 obser~.ntiolls. this lat ter  ~ ~ ~ o u l t l  be  n task  of 
such immei?sity tha t  n o  astrol~oli ler  unassistetl would 
hope  for its completion. 

K EiSi UORI< tZCAUEhIY OF SCIENCES. 


Oct. 31, 1881, 


T h e  President,  Dr .  J. S. Newberry, in the  Chair .  
,-I wenty persons present. 
'The follo~villg papel. nras read by Mr. Jollii H. 

P ~ i r m a i l: 
" 7'1ie Geology of thc Copper Kegion of Nortllel-11 Texas 

:,iltl tllc lllt1iai-i 'l'erritol-y." 
Tlie \\ell-.~iinrl;cti crctnceous hetls of Parker Coullty, 

Tes:rs, estcntl for ;o miles nortli of \yest fl.om ]veatliel.- 
fortl, on tlie roatl to Graliam. They co~isist of strata of 
siiell!- liiiiestone, snntlstone anti s1i;iIy clay, tlie latter gray-. 
is11 or retltlisli in color, i l l 1  occasio~ial tliill scan1 of soft 
coal is fount1 ; aiitl tlic n-ater is strongly i~iipregiiatetl \\it]l 
11nie. stlatuni oi snntlstone stretclics for tliirtlr liiilcsi\ 


X. IT .  from Fort  I\-ortli. Tn this rock springs are fountl 
containing sotiic cal-l~onatc, silnilar to tile waters of t]le 
artesian wells of Fort IYortli, T; i r~ .a~l t  atC O L ~ I ~ ~ ) . ,tlelltll 
of allout 270 feet. To\vartls Graham, the coulltry as- 
siimes a senii-~iiou~itninousappearance, antl, for t\\-enty- 
Jive ~ililes or !liar?, santlstone ridges alternate ~vitli prnil-ies, 
tire liills being coveretl with scriil~ oak. Sonic of tile 
ridges attain an elevation of tlvo or three hundred feet 
;ii~ove tile l~rairies. l'lie strata are liorizontal, all(\ large 
poriioiis of tile original surface liave I~een cal-l-ietl alva)- ST 
erosion. '1'11e ul)per stratum is in rnany places a collgloln- 
el-ate, matle up of small pe l~l~les .In  this I-egioii the 
seanis of conl met \vi~li are generally soft, ant1 tile only 
\vol-l;able l~etl laio\vn is one allout tliree feet tllicl;, yieltling 
a fair quality of I~ituminous coal, wl~icli ci-011s out ant1 has 

~ ~ ~ ~ ~ ~(~;yljsulll~ i ~tllere~ ill~ i lnost ofl occurs ~ ~its ~ ~ 
forms, inclutIing sclcliite \\-I~icIi li;rs ljeeli locally mistal;en 
for ~ii ica.  

0111.caclii1ig n scene of nttemptetl m i n i ~ ~ g  ol~erntions in 
searell of supl~osctl veins of col)pcr, a very sliort exn~nina- 
tion con\ iiicetl me that 110 \-?in oultl c\.cr l;e tlisco~ercd. 
L)enutlatio~i lias laid tlie l~etl I ~ I - e ,  s\vzcping an-ay the 
lnrg-er portio~i IIIICOI-crctl a~i i l  Ic:r\.ing only ijatclics ; 1~111 

\yere su~~ ic i e l l tto g i \  ;L co l lcc l j t ion  of lllotle 
of occL~~l-cllcc.~ 1 l c  col)per-l,eal-ing strntunl is all asliy- 
colorctl clay sliale, 111ore or less tingctl \I it11 green, tile 
upper ~ o r t i o ~ i  cop-slio\ving- the tlecl) green c:rrbonatc of 
pCr, usunlll- t\vo 01' tllick.tlli.ce i i l ~ ~ l ~ s  o~fi.l!-illg this 
stratu~ii  is a c;rp-rock of gyl~siferous s;intlsto~ie, :il~out 
tlirce feet tliicl;, wit11 a layer ;;to ,I; inch tliicl;, impreg- 
llatctl nitll cal.llonate of coljl,t.r, as tllougll i t  llatl so;il,etl 
it up  froill l)clolv. ~ , tile grcry or~ lletl~ ~ 
intensely rctl clay shale is genclalI!- foulitl. Nuggets of 
copper are scnttcretl o\.rr the surface of tile set1 l~etl, \~-it]? 
picces of cuprifictl \vootl rr~itl nug-gets of iron pyi-ites. 111 
the \vooti the original sti-uctuse in many i~lstanccs is per- 
fectly prescrvetl, also appearing cuprifictl in :ill stages of 
tlecay, ;is tliougli i t  llad I ) C C O I I I C  half 1.0tte11 I~efore the pet- 
rifactioll cHectctl. Tile oYerlyillg santlstolle ire-
cli~entl!- contains l~iscuit-like colicrctions of gyl~suiii. Jun- 
i1)cr trees al~ountl a11tI niso cover the g!-l~sum IiiIIs, the 
l~erfectly l~reservetl cul~ritiecl \vootl, \\.it11 its 1,iiots ant1 
barl;. s l io~vi i~g 1 fount1 in die a fac-simile of t11:rt gl.o\vth. 
gray 11ed fragliie~its of n-ootl l~artinlly uilaltc!.ed, as tlioug-11 
it hat1 just conimrncetl to al~sorl) cop l~e r ;  also large 
pieces of conl, tlrree 01. four inclies or liiore ill tlizrmeter, 
tlie cracks of ilie same piece ljeing tilled wit11 crys-
talline car1)onate of copper, or \ ~ ~ i t i il \hite gyps~llii, tllus 
appea~- i~ ig:..einetl \\ ith col)l>er anti 2) psu~il .  111 11n1-ts 0i 
tlie l~etl  reninining tile reseni1)l:ince to 1)iles of aslics ant1 
charcoal is str~ltingly tleccptive ; ill o ~ i c  sllaft, sunk to a 
tlcpth of a l~ou t  thirtl- iect, the hcrizoiital l~ositioti of the 
strata Ivns confir~ncti, the sii:ift passillg throug!i the c ~ l p -  
rifcrous gray bed, ant1 then ihrougli a succession of lay- 
ers of reti shale r~ntl soft retl sn~itlstone, in whicli not a 
trace of copprr was fou~itl. Tlie gray stratuni extends 
seventy-five feet or more untler n point of the gypsum 
hill. I n  :L tur~nel trnl-ersing this stratum I noriceti oc-
casionally pebbles belool::~ng to the gl.arel drift. 'This 
copper formation h;rs a grner a1 north ant1 south course, 
usually less than fifty yartls in wititli, alitl was tracetl for a 
tlistance of eight or ten miles to the soutile1.n houlitlni-y of 
Ilaskell County. 

At  one poii~t  tile gray bed lies I~etweeii l~e t l s  of saiitl- 
stone ; tile reti becl tioes not appear, niitl th:: ~1ntIe1-1y~ng 
sandstone strata are allilost \v!iitr, larnina;etl, ant1 very 

been traced for several n-iiles Ileal. the Clear Fork of the hard.  T h e  bed is inore than t\yo miles distant from the 
1:ra~os river in '~'oung County. '1'111s supposeti coal 1-e- gypsum liills; the gravel tlrift is ~ioticeal~le ant1 eseii 
gion lias n general 1.E.ant1 S.\I7. tli~.ectiol~. abuntlant. Obserl-ing the nuggets of copper ore ant1 the 

~ ~ ~ 1 ~ ~ r 0 ~ ~ c h i n gthe 111-airies begin to reseml~le tile tlrift pebl~les lying about in places on the reti i~etl, the ~ ~ ~ ~ h ~ l i i  
plains ; ant1 the ridges, cnppetl \vitIi santlstoiie, s l l ~ \ ~ ~  thereitlea forced itself upon me  that might be a remote 
11'lsf:s of mottleti retitlisIi-coloretI sliales, or clay; salt comiection bet~veen the two. Honever,  the nuggets of 
sljriligs alitl salt sti-eillils are foilntl, intlicating tile I)ortler ore are evitlently concretions, aiitl no 11cbhles occur in the 
of the great allcnlirie region. 17rom Gralin~ii to Fort  Crif- gray bed. Tlie gypsum range e?:tentls several ~iiiles 
fin ill Siiacldeford Count)-, thence north in T l i r o c l ; ~ i ~ ~ ~ t ~ ~  n dec1ivit)- siiliilar that theacross, with western to 011 

Comity, the coLmtrj- rises. Ever)- few iliiles a steppe is 
~liomitetl, tile face ol tile escnrpnients slio\ving horizontal 
thiii liliiestone strata. 'The same features continue, anti 
tlirli the country slopes ton-artls tlie Iirnzos river. 

Turning ivesl\vnrti tllrougli EI:rsi;ell County, the surface 
lo\vers again to\\-artls tile Ernzos, tile ri\.er coursing sout], 
to ~iortli, ant1 a plain is crossetl, tile grountl tl~ffering Irom 
an!. o i~ser \~ed.  7'he soil is niisetl :inti coveretl wit11 gra~rel, 
in mnliy places several feet tleep. The  pel~hles v;~ry in 

eastern sitle. A plain, a little over one liundretl feet be- 
low, reaches beyontl to tlie foot of the great Idlano Esta- 
cado. On these liills and on this v,-ester~i plain the 
gravel drift is wanting. 

Tlie copper bet1 was tracetl five miles furt.lier to the 
north ; also ill ICnos county, not far from tlie I17ichita 
river, alitl forty niiles or more iiortli of the southern por- 
tion of Hasltell county, besides 1e;rrniiig its supposetl oc- 
currellcr north of tlie IVicliita ri~ver, T h e  copper hantl 
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