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event, with all its at tendant  circumstances, appeared so T h e  three others a re  sirlipler in form a n d  mucli a l ~ k e  in 
fami1ia.r to  llini t h a t  h e  w a s  a l~so lu te ly  sure h e  had pre- their topographical fertares.  Capt. Dut ton  f i ~ s t  exhibi- 
17iously enptr ierced the  sanie impressions, surrouutle~l  by ted a vien- of t h e  cnhon in the  Uinkai-et clivision, s!~owing 
the  same ::eople or objects, Ivith the s r m e  s!<y, weather,  ' its sitnplest act1 most  4y:~ical f,ir~-n. I t  consists of a n  
etc. If he venturetl to u ~ ~ t l e r t a k ea iltn. occupation of inner and a n  outer cliasm, or  a ca i io~l  v.ithin a c a i ~ o n .  
any liintl whatever, he \v2s certili~l 11e hat1 clone it hefore T h e  outer  chazm is five to  s i s  mile; wide antl is  ~vallecl 
and  under itientical colltlitions. i;o3l?etiines the sen- on either sic!e mi:h ]~a l i sades  2030 feet high,  of singulzrly 
sation \voultl occur the same (la!-, in the  coulse of a few nollle 2nd graceful proti!es, \v!iicll coilfront each other  
miautes or liours, son~et imes  it tlitl not stiiice him until : acr.css a cornparati\-ely s t r~ooth  plain. IITithin this 11lai11 
the day fol lo\~it ig.  11ut it \?:is alw;i!-s a t l is~inct  i~ilpreqsion, is s u r k z n  the  inner xoi- te ,  clescenciing 3000 f re t  l o ~ v t r ,  

In  this phc~io tnr i~oi iof O1.e melnory, tliere is a11 anti h a v i t ~ g  a nitllll a little greater  than its depth.  A t  
a romaly  of meii:nl n:ech:inis:n \vllicll esc2;)es us,  ant1 tile I>ot ton~ of the  Inner go ige  flo\:is the  Coloratlo River, 
\\,l-iich is tlificult to c ~ m l ~ r e i i r i l d  iu a healthy state.  T h e  a stream ahout  a s  large a s  the  Ohio berween Pittsbul-g 
perso11 affectetl, no  m:~tter h o w  acute an observer h e  at;tl n ' l - ieel i~~g.  T h e  strata in n-hich the  chasm is cu t  
might  be, coi~lil only analyze tho cnnclitior~ ~x;lieil h e  are chiefly of c a r l ~ o ~ ~ ~ f e r o u s  T h e  summit  ofage.  the  
ceased to  be deceived by i t  F r o m  the  t \ i ~ ~ l p l ~ i  outer  cailon \\.a11 is i-ery n e i r  tile i u n o i t  of tha t  series.given it 
would seen1 to m e  tha t  !he im;)ression receiveti is I-frro-  ' T h e  chasm ! h r o u ~ l ~ o t i ttlie greater  par t  of its extent 
ducetl in the  icrm of some image. T o  ern!i:o!- a pl~!-i~o- cuts  belo\v the  c a ~ l ~ o n i f e r o u santi ljenetrates the  Lower ! even the  Arclizean lcgical terol, tliere is a rel1rtitio1-i of the primafive cer rbr i l  
process. T h i s  is a very urtlir-iary plier~ornenon. I t  cccurs 
iu every recollection which is not caused by t h e  :ictual 
prtsence of tile ol1j:ct. T l ~ eonly tl~fficalty is to discover 
~ v h y  this image 1vhic11 aiises a m i ~ l u t e ,  ail hour  or  a clay 
after tlie real ccntlition, should appear :o Ile a repetition 
of t h e  latter. \\ e [nay ~ " s s i b l y  at i i i l~t  t h a t  tile mechan- 
ism of recollection acts  in a tlistortrcl nl:unrer, for 175; 

part, holvever, th- follon.ing ex~lxna! ion  seerns illore ex-
plicit : 

T h e  image for~netl  in this manner  is very i ~ i t e r ~ s e  and  
partakes of t h e  liature of a n  I~;.,llucil-iatio~i. I t  is, appar- 
el-illy, a reality, for nothing rectifies the  illusion. Collze-
quentl!-, the leal i r i~pressio~i  is forcetl back, a s  it were, and  
assumes the  character  of a recollection. I t  I~ecomes  
realized 111 t h e  pasi, erroneously if lye consitlc-r t h e  facts, 
objectively, properly, if Ive co:lsitler them su1)jectively. 
T h e  iiallucination, al thoug!~ very vivitl, tloes not t f face  
the actual impression, Ijut a s  the  1a:ter is quite sepal-rte, 
and  a s  the fortrier is proriuci.tl a t  a co:nparatirely late 
periotl, the  real occurrrnce appears to  be a secontl ex-
perieuce. Tile hall~icination assun,es t h e  place o l  tlie 
actual impressioi~,  it s tems to  11e more recent, ant1 this is 
really t h e  case. Of coilrie, to us ~ v l i o  judge according 
to  \\.hat we see externally, it is false to say t h a t  the  im- 
pression Jvas r e c e i ~ e d  t a i c r  T o  t h e  persorr afdicttrl, 
however, 11-ho deteriniiies so!ely a s  liis consciousriess 
may dictate, it is t rue rhat  the impressioii \\.as actually 
received t\\-icr. 

T o  t h e  s u p p o ~  t of this e s p l a n a t i o ~ ~ ,  atten-I \voulcl call 
tion to  tlie fact tha t  false merncry is ~ iear ly  al\vays allietl 
to  solile ~iierltal affection. T h e  r:ersoll n-ientioneti by 
Pick suffered from a form of insaivity. H e  \vas contin- 
ually entieavoring to  escapr from r;eople h e  supposeti 
were his persecutors. I-Iall~~cinationsin this  instance 
\vould he perfectly natural. I (lo not ,  liov-ever, nrish to 
assert tha t  my t l i e o ~ y  is the only rossiljle one. 111 regard 
to  this isolated contlrtion of fa1.e ~ n e m c r y ,  n:uch more 
numerous ant1 concise o b s e r ~ a t i o n s  tiian rniilc a rc  protj-
ably requiretl. 
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THE E);CAT\rATiON C)F .TIiE GRAND CA$oN 
CF TI-IE C:iI,OIZADi) I<IT;EI<,':: 

BYCAI'T. C. E.Ur  TI‘^\:, C.5..\. U. S. i;eologicnl Survey. 

T h e  Grantl Canon cf the  Cclol.atlo River is the  
longest, n i d e s t  artti tleepest of th; almost  continuous 
chanl of caiion valleys through 1~11icl1 tlie upper 11:~lf of 
t h a t  river f lo~vs.  i t s  length is 218miles, its witit11 from 
5 to I I miles, ai:d i ts  cleptl~ from <.;a0 to  6000 feet. F o r  

Silurian, and  schists, re rea l i~ ig  the  
fact tha t  before the  crlrl~o~liferous 1v;is dcpositetl he 
country hat1 been exiensively r a v a ~ e t l  11; a n  erosion 
v;l~ich sivept anray heavy bodies of Silurian, anti probably 
also of D ~ v o ~ i i a ~ ~  T h e  carl~onifei-ous restsstrata.  now 
u p o ~ i  the  bt-veled ec!ges of' the t l e ~ e t i  older sti-ata, and  
in In:iny places resrs upon he co~np:e te ly  tlenuded 
Arcl1;cal;. 

T h e  region atljoinii~g lie chasm ant1 for 40 to 60 niiles 
on e i ~ i ~ e r  side is a ~ iear ly  lr\.el platform presenti~lg the  
summit  betis of tile c:~rl~oniferouss)-stem ~ ~ a t c l i e t l  over 
here antl there ~vi t l i  fat1il-i~ remnants of tlie I 'er~nian. T h e  
~ L I - a t ais very nearlj-, I ILIL  not quite i~orizontal. Tllere is a 
slight clip to the nortli~vartl I-al-ely exceetlii~g one degree, 
but a s  the  general cour.st of the  I-iver is along tile strike, 
tile etlges of tile i t ra ta  tlisclosetl in tile Cai lan~val l s  a re to  
all alq)earances rigorously horizontal. 

Fro111 40 to 60 iiilles nol-[!I of the river are fountl the  
111-incipal masses of tlle later lorrnatio~is, inclutling tlie 
I 'er~nia~i,TI-ins, Jurassic, Cretaceous :~nd  Lo\ver Eocene. 
These  fol-m a serles of termces I-king successively lilte t h e  
steps of a gigantic stairtvay as \ye move north\vartI, E a c h  

a ion is terniinatetl so~tt l~wart l ly cliff ant1 11y a g~-e :~ t  
the s t r ,~ ta  a re  nearly 1101-i~o~ital, collect^\-ely they have ljeen 
nameti the Soutliern 'I'erl-aces of the I-Iigli P1:~teaus. T h e  
latest f o r ~ a r ~ l i o n  in illis xvaso-iiicli rvas deposited region 
the Lo\ver Eocene.  

T o  the geologist it is ol)\ ioas that  the formations of t h e  
Terraces 1101~lrrminatetl 11)- gigalltic cliffs once e ~ t e n t l e d  
further out ton.artls ilie so~t t I~ \vard  ant1 formerly c o ~ . e ~ - e d  
a regions fl-0111 11-hich they 11al-e heen tlenutletl. Captain 
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, U u t t o ~ i  is contitlent tliat all these terrace forn~at ions  once 
reaclietl entirely acl-oss tlie (;rant1 Cafion platform in 
full 1-olunie, antl that  tlieir :incie~it sliore 11ne is fountl in 
Centl-a1 Arizo~ia. Tlie  tliicliness of tile s t ra ta  thus tle- 
nutletl \vas a little more averanethan 10,000 feet on an b . ' 
a i~ t l  the area from \~li icl i  tlie!. hal-e been slvept a\vay 1s 
l i ~ o r c  than ~ ; , o o o  square ~iiiles. I t  is t l l rougl~ tlie heart 
of illis tienutled region that  the course of die Grand Cail- 
011ir laitl. T h e  t l e ~ i ~ ~ t l a t i o n  anbegan probal~ly a! cpocli 
not f a r  from \litltlle I'oci.ne t i~i ie ,  since at that  cl)ocli tool; 
11l:~ce the fin;il c ~ i l e ~ - g e ~ i c e  of tlie region from a ~iiarinecon- 
tlitioll (through t l ~ c  l~rrrcl;isl~ \vater ant1 lacustl-ine stages) 

I to tlie contlilion of iii.?n li'i i:irr. 

convenitnce of discussiori it niav 11r at i j i~rari ly tliv~tled 
into four d i ~ i s i o n s  : 1st. T h e  l ia ihah  clivision : ztl. T h e  
ICaiiab ; gd. T h e  Viriliaret : 4th.  T l ~ e  Slleav~vitstlil-ision. 
T h e  upper or  l i a ihah  division is t h e  granclest, ~viclcsl 
a n d  most divtr~ifie$,, aild a little t leel~er than  the  otllers 

* Read befcre the A.  '1, S. Cincinnati, 1881. 

11 is apparent  tha t  the cutt ing antl clevelop~lient of t h e  
present Gratitl C ~ h o nis only a closi i~g episode of a long  
liistory of erosion, exte:-itliiig fl-om 3iitltile Eocene t ime 
t lo~vn to t h e  prese~i i .  Hefore the  1.iver coultl begin its 
at tack u1)on tlie sumnii t  l ~ e t l s  oi tile cat l~oniferous ~ v l ~ i c l l  
: io~v form t h e  c r t s i s  of its upper ~xa l l s ,i r  liatl to  cut  
through lnore than  10,ooo feet c,f sup t r ic r  s trata.  This  
would alone inciicate t1:at i h e  i~eginni::g of tile present  
ca l io~icannot  da te  far baclc in Ti r i ia ry  Itme, antl Capt .  
Uutton thir!;s tll>.t t h e  e\ic!ence ]joints strongly to the  
co~lclusion t h a t  its excavation 111the  carboniferous began 
iil Pliocene tiru,e. T h i s  ex-itlence is cuillulative and not  
direct, bu t  IS derived from a comparison of Inally groups 
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of facts which are too numerous ancl complex to l ~ e  sum-
marized very briefly. One group of facts bearing upon 
the question of age is found in the comparative study of 
the lateral drainage channels and their gradual extinc- 
tion by the progressive development of the arid climate 
of the region which took place in Plioceile time. Nearly 
all the ancient tributaries of the Grand (:a?~on appear to  
have dried up at  the beginning of its excavation or very 
soon after, and the whole worli shows the influences upon 
arid climate. 

T h e  Grand Cafion district has also been subject to a 
great amount of uplifting, amounting in the aggregate 
according to locality, to 16,000 to 19,000 feet. T h e  pres- 
ent elevation of its surface above the sea is the difference 
between the amount of uplift and the thickness of strata 
removed, and is froin 7,030 to 9,000 feet. This great 
elevation is considerably sur!~assed in some other portiorls 
of the West. Obviously, it has been an important factor 
or essential condition in the process of cafioil cutting. 

T h e  peculiar forms of the drainage channels of the 
Plateau country, and of which the chasms of the Colo- 
rado are extreme developments, are ascribed to the op- 
eration of two groups of processes acting under abnor- 
mal conditions. I t  is customary to say that the rivers 
have cut their cafions. This is but a partial truth, for 
the  rivers cut passages no wider than their water sur- 
faces. T h e  first group of processes is terined corrasion, 
the result of which is the continuous sinking of the bed 
of the stream by the grinding action of flowing water 
charged with sand. Many factors enter into this result, 
and their m u ~ u a l  relations are highly complex. But in a 
general way it may be said that a river with a rapid de- 
scent, carrying a notable quantity of sediment, but not 
enough to overload it or overtax its transporting polver, 
will continuously corrade or grind down and deepen its 
channel. I f  it is overloaded, a portion of its sediment 
wlll be  deposited and form a protective covering to t h r  
bed-rock. Under special conditions it will actually build 
up its bed. hlost rivers, along their middle and lower 
courses have their general conditions so adjusted that 
there is little or no tendency either to build up or cor- 
rade. T o  this equilibrium of adjustment all rivers are 
tending, and most rivers have nearly or quite reached it. 
T h e  Colorado is exceptional in this respect, and its ten- 
dency is to corrade. Its waters, though carrying great 
quantities of sediment, a re  still under-loaded, and cculd 
carry more if they coultl get it. This tendency to cor-
rade may be ascribed to the fact that the country through 
cvhich it flows has been gradually rising in altitude 
through Tertiary and probably also Quaternary time, and 
this elevation produces and maintains a rapid declivity 
in the stream-bed, cvhich in turn imparts a high velocity, 
and consequently great transporting power to  its waters. 

The widening of the cuts made by corrasioil is the 
work of the second group of processes, viz., weathering. 
This is also a very complex action, and cannot be  briefly 
summarized. T o  this action is due the remarltable sculp- 
ture of the cafion and cliff walls and all those surprising 
resemblances to architectural forms which are so abun- 
dantly displayed in the Plateau country, and most especi- 
ally in the Grand Callon. 

T h e  concludillg portion of Captain Dutton's lecture 
was devoted to a description of the scenery in the ICai- 
bab division of the cafion, which is declared by all who 
have seen it to be the most sublime and impressive spec- 
tacle in the world, 

NEW OBSERTTATORY.--A meteorological station is to be 
erected at Pavia, under the direction of Professor Cautoni. 
Investigations w ~ l l  be made at this station on the influence 
of heat, light, electricity, etc., on vegetation in genelal, and 
some cultivations in particular, and also the diurnal and 
annual variations of terrestrial magnetism. 

/ hZIXED SUGARS.* 
EY PRO~ESSORH. \?I. ~VILI;Y. 

hIised sugars are made of cane sugar and niizylose 
(starch sugar.) Within a few years the mixed sugar in- 
dustry has advanced from a small beginning to a busi- 
ness of considerable importance. I t  is difficult to get  
accurate data of the ainounts of this sugar made. hlan-
ufacturers and dealers are extremeiy reticent on the whole 
subject, ancl often refuse to talk about it at  all. I have, 
h o w e ~ ~ c r ,after consitlerable trouble, beeu able to get  at  
the figures ~vhich  will give at  least an approximate esti- 
mate. 

T h e  priilciple centers of the grape sugar industry are 
13rooklyn and New Yol.k, Buffalo and Peoria. Froin a 
careft11 comparison of the data which I have been able 
to collect, 1 place the daily product of nixed sugars at  
the several factories at 1,500barrels. This will be found 
not far from the truth. I t  is rather under than over the 
true numher. It is thus seen that the mixing of sugars 
is a fact which is altogether too large to be laughed at. 
It must be rememberetl, too, that  the manufacture is 
rapidly increasing, and is only linliteil now by the quan- 
tity of dry white ainylose that can be made. 

Amylase costs 3% to 4 cents a pound by wholesale. 
Uuntil the price of corn became so high it was half a 
cent less than this. I t  is, therefore, a very profitable 
business to mix it with cane sugar and sell the whole 
for the s a n e  price cvhich the cane sugar would fetch 
alone. I have here on the table specimens of these 
mixetl sugars. Here are eleven samples made by the 
12anhattan Refinery, of New York, also six samples iron1 
the Atlautic Refinery, of Buffalo, and six sainples from 
Henry Hobart, of Ne\v Yorli. These sugars are sold re- 
tail under various names. Of these I may mention "New 
Process Sugar," " Niagara A I3 C," " Harlem B," '' Ex-
celsior C." and varions others. T o  the eye these sugars 
look very much like straight cane sugars, and are gener- 
ally pure and .ivholesome. They differ from the pure 
cane sugars in being less soluble in water and in being 
less sweet to the taste. 

It has been estimated that amylose is two and a half 
times less sweet than sucrose ; but this depends largely 
on the inetilotl of manufacture. Some samples of amy- 
lose will be found quite sweet, while others impart even 
a bitter taste. 

In the manufacture of mixed sugars it is highly im-
portant that the amylose be dry. If hydrated amylose 
be used it is found almost impossible to pulverize it, and 
a h e n  ground it is pasty and sticky. Machines have been 
patented for obtaining finely granulated amylose from 
the well dried specimens. It is quite impracticable, how- 
elrer, to obtain amylose entirely dry, and it is capable of 
being worked very well when it still contains 8 to 10 per 
cent of water. This water is put in when sold a t  the 
same price as  pure sucrose. In a cominercial sense it is, 
therefore, not a tlisadvantage. T h e  amylose which is 
used in inixing is generally nlade by high conversion 
uuder plessure. It, therefore, contains a high percentage 
of glucose, (clertrose) as compared with the maltose and 
drxtrine present. I t  is, therefore, less sweet to the taste 
than the licluid amylose, where the percentage of maltose 
is larger. 

hlany schemes for the estimation of the different con- 
stituents of a mixed sugar have been proposed. Fo r  a 
discussion of the methotls of analysis by reduction and 
fermentation. I refer to mv 1,aI)er read before this section 
last Saturday. I 11111 cdnt'en't nlyself here with a brief 
outline of the method uhich  I have employed. T h e  
water is estimated by heating t ~ v o  or three grammes in a 
flat platinum dish to I ;oO C. for trio hours. T h e  per-
centage of cane sugai I determine 11y Clerget's method. 
F ~ r s t  get the total ro ta t~on in tile polariscope then invert 

::: Read before the A. A. A. S., Cincinnati, 1881. 


