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of October there would be litt le or no chance of recovering the 
comet. 

The comet's heliocentric cq11atorial-coor<linatc,; at perihelion 
are-

x ... -1·1148 }' ... -0·4305 C ••• + 0"0018. 
If we combine these with the sun's coordinates, X, Y, Z, in 

the Nautical Almanac, we readily obtain an idea as to the 
chances of finding the comet, according to different assumed 
dates of arrival at perihelion. The most advantageous condi
tions are presented when this falls about the middle of April. If 
we assume April 11, the R.A. is found to be 208°, N.P.D. 54°, 
and the intensity of light II ·05, which is four times greater than 
on the date of the comet's discovery by Tuttle in 1858. As it 
was then extremely faint, its rediscovery may be a matter of 
difficnlty. We have already one "Tuttle's comet," of short 
period, and it may perhaps occur to astronomers that the third of 
1858 will be aptly named Sclwlhoj's comet. 

CHEMICAL NOTES 
POTILITZIN has recently (Ber., xvii. 276) made some interest

ing observations on the hydration and dehydration of cobalt 
chloride. He shows that, besides the already known hydrate 
CoC12 • 6H"O, there exist two hydrates, CoC12 • 2H,O and 
CoCI,. H 20, the former being rose-red in colour, and the latter 
dark violet. When the dehydrated salt is heated to about 100°, 
it parts with water, which is again absorbed on cooling. When 
an aqueous solution of the ordinary hexhydrated salt is heated, 
or is mixed with a dehydrating agent, the colour changes from 
pink to blue or dark violet. Potilitzin shows that this change, 
which he proves to be due to partial decomposition of the hex
hydrated salt, may he brought about without raising temperature 
by the capillary action of unsized paper or a porous plate of 
stucco. 

ToLLENS has made experiments on the sugar-like substance 
obtained by the action of alkalies on an aqueous solution of 
formaldehyde. He oxidises methylic alcohol by air in presence 
of platinum foil at 54°-55°, and distils; he then treats the 
crude distillate with baryta water, and so obtains a yellowish 
precipitate, which, when freed from barium, yields an amorphous 
syrup that reduces Fehling's solution, and gives results on 
analysis approximating to the formula C 6HJ001,. This syrup is 
optically inactive, and does not undergo fermentation ; on treat
ment with sulphuric acid, it gives formic and lactic acids 
(Landw. Vei-suchs-Stat., xxix. 355). 

KANNONIKOW (B<1'., xvii. p . 157, abstracts) attempts to 
measure the refraction-equivalents of various metals by deducting 
the refraction-equivalents of salts of these metals with organic 
acids (determined with aqueous solntions of the salts) from the 
refraction-equivalents of the acids themselves. So far as his 
results go, they appear to indicate that the refraction-equivalents 
vary periodically with variations in the atomic weights of the 
metals. 

MM. NILSON A:-.D PETTERSON have prepared pure beryllium 
chloride by heating the metal in perfectly dry hydrochloric acid 
gas, and have dete,mined the density of the vapour of this com
pound. Beryllium chloride can be volatilised without decom
position in an atmosphere of dry nitrogen or carbon dioxide, 
provided every trace of air is excluded. The density of the 
gaseous compound for the temperature-interval 686°- 812° agrees 
with that calcnlated from the formula BeCl2 (Be= 9 ·I). The 
question as to the value to be assigned to the atomic weight of 
beryllium, which has been so much discussed of late, appears to 
be now finally settled in favour of the number deduced by apply
ing the periodic law to the study of the properti es of thi s metal 
and its compounds (Be,-. xvii. 987). 

CONTINUIN G the research es of Kramers, Prof. Mendeleeffhas 
shown at a recent meeting of the Russian Chemical Society 
( fournal of the Society, vol. xvi . fasc. 2) that the densities of 
solutions of salts increase together with the increase of their 
molecular weights. Thus if we take the series of salts HCl, 
LiCl, NaCl, KCl, ... BaC12, SnCl4, HgCl,, and Fe2Cl6, the 
molecular weights of which are respectively 36·5, 42·5, 58·5, 
74·5, ... 208, 259, 271, and 325, the densities of their solu
tions in 100 parts of water, at 15° to 20°, are: I ·010, 1 ·014. 
1·023, 1·025, . .. 1·098, !"106, 1·128 (calculated), and 1·134. 
The densities increase as the molecular weights increase ; but if 
we take, instead of the molecular weights, the weights of their 

equivalents, or those of the equivalems of metals, the regularity 
of increase disappear,. Prof. :\lendekeff adds that the above is 
true, not only with regard to ch lorides, but also wit_h reg:,i_rd to 
the salts of bromine and io,line, and many others. Reserving to 

·himself· further to pursue his researches in this way, Prof. 
Mendeleeffpoints out the following rc:lation :-If the molecular 
weight of the dissolved body he 111, and the solution be repre
sented by II lvl + 100 I-1 20 (where 11 represents the number of 
molecules), the density, D, of the solmion may be expressed for 

many bodies by the following equation :- ( .........'!_D_ )k =A+ En, 
1.) -- 0 

where D 0 is the density of water, anti k is equal to unity, or very 
near to it. This equation must be considered, however, only as 
preliminary, ulterior researches promising to give a more general 
formula. A and B are two constants, which vary with the 
tempera! .--e. Thus, for HCI at o0 (the density of water at 4° 
being taken= 1), A= 94·5 and B = 1·725; at 20°, A= 102·2, 
and B = 1 ·80; at 40° A = 106·2, and B = 1 ·85 ; at 60° A = 
105·2, and B = 2·05; at 80° A= 100·6, and B = 2·25; and at 
100° A = 94·5, and B = 2·55, the coefficient k being in all cases 
equal to unity. 

ON THE NOMENCLATURE, ORIGJN, AND DIS
TRIBUTION OF DEEP-SEA DEPOSITS 1 

Introduction 
THE sea is unquestionably the most powerful dyn&mic agent 

on the surface of the globe, and its effects are deeply im
printed on the external crust of our planet ; but among the 
sedimentary deposits which are attributed to its action, and among 
the effects which it has wrought on the surface features of the 
earth, the attention of geologists has, till within quite recent tin:es, 
been principally directed to the phenomena which take place in 
the immediate vicinity of the land. l t is incontestable that the 
action of the sea along coasts and in shallow water has played the 
largest part in the formation and accunrnlation of those marine 
sediments which, so far as we can observe, form the principal 
strata of the solid crust of the globe; and it has been from an 
attentive study of the phenomena which take place along the 
shores of modern seas that we have been able to reconstruct in 
some degree the conditions under which the marine deposits of 
ancient times were laid clown. 

Attention has been paid only in a very limited degree to de
posits of the same order, and, for the greater part, of the same 
origin, which differ from the sands and gravels of the shores and 
shallow waters only by a lesser size of the grains, and by the fact 
that they are laid down at a greater distance from the land and 
in deeper water. And still less attention has been paid to those 
true deep-sea deposits which are only known through systematic 
submarine investigations. One might well ask what deposits 
are now taking place, or have in past ages taken place, at the 
bottom of the great oceans at points far removed from land, and 
in regions where the erosive and transporting action of water has 
little or no influence. Without denying that the action of the 
tidal waves can, ur.der certain special conditions, exert an erosive 
and transporting power at great depths in the ocean, especially 
on submerged peaks and barriers, it is none the less certain that 
these are exceptional cases, and that the action of waves is almost 
exclusively confined to the coasts of emerged land. There are 
in the Pacific immense stretches of thousands of miles where we 
do not encounter any land, and in the Atlantic we have similar 
conditions. What takes place in these vast regions where the 
waves exercise no mechanical action on any solid object? We are 
about to answer this question by reference to the facts which au 
examination of deep-sea sediments has furnished. 

A study of the sediments recently collected in th e deep sea 
shows that their nature and mode of formation, as well as their 
geographical and bathymetrical distrir.ntion, re,mit deduction;; 
to be made which have a great and increasing importance from" 
geological point of view. In making known the composition of 
these deposits and their distribution, the first outlines of a geo
logical map of tl1 e bottom of the ocean will be sketched. 

This is not the place to give a detailed history of the various 
contributions to our knowledge of the terrigenous deposits in deep 
water near land, or of those trne cleep-,ca rleposits far removed 
from land, which may be said to form the special subject of this 
communication. From the time of the first expeditions under-

' A Paper r<ad before the Rcy2l Society r,f Edinburgh by J ohn Murray 
and A. Renard. C<mm1:nicated by Jolin Murrciy 
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taken with a view of ascertaining the depth of the ocean, small 
quantities of mud have been collected by the sounding lead and 
briefly described. \Ve may recall in this connection the experi
ments of Ross and the observations of Hooker and Maury. 
These investigations, made with more or less imperfect appli
ances, immediately fixed the atten tion, without however giving 
sufficient information on which to establish any general conclu
sions as to the nature of the deposits or their distribution in the 
depths of the sea. 

\Vhen systematic soundings were undertaken with a view 
of establishing telegraphic communication between Europe 
and America, the attention of many distinguished men was 
directed to the importance, in a biological and geological sense, 
of the specimens of mud brought up from great depths. The 
observations of Wallich, Huxley, Agassiz, Baily, Pourtales, 
Carpenter, Thomson, and many others, while not neglecting 
mineralogical and chemical composition, deal with this only in a 
subordinate manner. The small quantities of each specimen at 
their command, and the limited areas from which they were 
collected, did not permit the establishment of any general laws 
as to their composition or geographical and bathymetrical distri
bution. These early researches, however, directed attention to 
the geological importance of deep-sea deposits, and prepared the 
way for the expeditions organised with the special object of a 
scientific exploration of the great ocean basins. 

The expedition of the Challenger takes the first rank in these 
investigations. During that expedition a large amount of mate
rial was collected and brought to England for fuller study under 
the charge of Mr. Murray, who has in several preliminary papers 
pointed our the composition and varieties of deposits which are 
now forming over the floor of the great oceans. In order to 
arrive at results as general as possible, it was resolved to investi
gate the subject from the biological, mineralogical, and chemical 
points of view, and M. Renard was associated with Mr. Murray 
in the work. In addition to the valuable collections and obser
vations made by the Challenger, we have had for examination 
material collected hy other British ships, such as the Po1·cujine, 
Bulldo_1;, Valo1·ous, Nassau, Swallow, D, ve; and, through Prof. 
Mohn, by the Norwegian North Atlantic Expedition. Again, 
through the liberality of the United States Coast Survey and 
Mr. A. Agassiz, the material amassed in the splendid series of 
soundings taken by the American ships Tusrm·ora, Blake, and 
Cettysb,11-g, were placed in our hands. The results at which 
we have arrived may therefore be said to have been derived from 
a study of all the important available material. 

1 he work connected with the examination and description of 
these large collections is not yet completed, but it is sufficiently 
advanced to permit some general conclusions to be drawn which 
appear to be of considerable importance. In addition to descrip
tions and results, we shall briefly state the methods we have 
adopted in the study. All the details of our research will be 
given in the Report on the Deep-Sea Deposits in the Challeng,r 
series, which will be accompanied by charts indicating the dis
tribution, plates showing the principal types of deposits as seen 
by the microscope, and numerous analyses giving the chemical 
composition and its relation to the mineralogical composition. 
The description of each sediment will be accompanied by an 
enumeration of the organisms dredged with the sample, so as to 
furnish all the biological and mineralogical information which 
we possess on deep-sea deposits, and finally, we shall endeavour 
to establish general conclusions which can only be indicated at 
present. 

Before entering on the subject, we believe it right to point out 
the difficulties which necessarily accompany such a research as 
the one now under consideration, difficulties which arise often in 
part frcm the small quantity of the substance at our disposal, but 
also from the very nature of the deposit. Since we have endea
voured to determine, with great exactitude, the composition of 
the deposit at any given point, we have, whenever possible, 
taken the sample collected in the sounding-tube. That procured 
by the traw I or dredge, although usually much larger, is not 
considered so satisfactory on account of the washing and 
sorting to which the deposit has been subjected while being 
hauled through a great _ depth of water. We have, how
ever, always examined carefully the contents of these in
struments, although we do not think the material gives such a 
just idea of the depo, it as the sample collected by the sounding
tube. The material collected by the last-named instrument has 
been taken as the basis of our investigations, although the 
small quantity often gives to it an inherent difficulty. It was the 

small quantity of substance collected by the sounding-tube in 
early expeditions which prevented the first observers from arriving 
at any defin ite results ; but when ,uch small samples are supple· 
mcntcd by occasional large hauls from the dreclge or trawl, they 
become much more valuable all(! indicative of the nature of the 
deposit as a whole. Not only the scantiness of the material, but 
the small size of the grains, which in most instances make up 
deep-sea deposits, render the determinations difficult. In spite 
of the improvements recently ellected in the microscopical 
examination of minerals, it is impossible to apply all the optical 
resources of the instrument to the determination of the species 
of extremely fine, loose, and fractured particles. Again, the 
examination of these deposits is rendered difficult by the pre
sence of a large quantity of amorphous mineral matter, and 
of shells, skeletons, and minute particles of organic origin. It 
is also to be observed that we have not to deal with pure ard 
unaltered mineral fragments, but with particles upon which the 
chemical action of the sea has wrought great changes, and more 
or less destroyed their distinctive characters. 

What still further complicates these researches is the endeavour 
to discover the origin of the heterogeneous materials which make 
up the deposits. These have been subjected to the influence of 
a great number of agents of some of which our knowledge is to a 
great extent still in its infancy. vVe must take into account a 
large number of agents and processes, such as ocean currents ; 
the distribution of temperature in the water at the surface and at 
the bottom ; the distribution of organisms as dependent on tem
perature and specific gravity of the water ; the influence of aerial 
currents; the carrying power of 1-iYers ; the limit of transport by 
waves ; the eruptions of aerial and sul:marine volcanoes; the 
effect of glaciers in transporting mineral particles, and, . when 
melting, influencing the specific gravity of the water, which m 
turn affects the animal and plant life of the surface. It is neces
sary to study the chemical react i?ns which ta½e place i1;1 great 
depths; in short, to call to our aid all th~ assistance which tl1e 
physical and biological sciences can furnish. It will thus be 
m:derstood that the task, like all first attempts in a new field, is 
one of exceptional difficulty, and demands continued effort to 
carry it to a successful issue. 

In presenting a short n!sume of our method~, of the nom_rn
clature we have adopted, and of the .mvest1gat1on mto tht, _ongm 
of the depos: ts in the deep sea and deeper parts of the htto~al 
zones, we of:er it as a sketch of our research, prepared to modify 
the arrangEments in any way which an intelligent critici,m may 
suggest. 

Before proceeding to a description of methods and of the 
varieties of deposits, with their dist'.ibutioi: in modern ocea~s, 
we will briefly enumerate the matenals which our exammat1un 
has shown take part in the formation of these deposits, state the 
origin of these materials, and the agents concerned in their depo-
sition, distribution, and modification. . 

Matcrial.<.-The materials which unite to form the deposits 
which we have to describe may be divided into two groups, 
viewed in relation to their origin, viz., mineral and organic. 

The mineral particles carried into the ocean have a different 
form and size, according to the agents which have been concernEd 
in their transport. Generally speaking, their size diminishes 
with distance from the coast, but here we limit our remarks to 
the mineralogical character of the particles. We find isolatEd 
fragments of rocks and minerals coming from the crysta)line and 
schisto-crystalline series, and from the elastic and sedimentary 
formations ; according to the nature of the nearest coasts. t~ey 
belong to granite, diorite, diabase, porphyry, &c. ; crystallme 
schists, ancient limestones, and the sedimentary rocks of all geo
logical ages, with tl1e minerals _which com~ fi:o~ their disintegra
ration, such as quartz, monochmc and_ t_nchmc feldspars, _h~rn
blende, augite, rhombic pyroxene, ohvme, muscovite, b1otite, 
titanic and magnetic iron, tourmaline, garnet, epidote, and other 
secondary minerals. The trituration and decomposition of these 
rocks and minerals give rise to materials more or less amor:phol:s 
and without distinctive characters, hut the origin of w h1ch 1s 
indicated by association with the rocks and minerals just 
mentioned. 

Although the debris of continental land to which we have just 
referred plays the most important ,Ne in the immediate vicinity 
of shores yet our researches show beyond doubt that when we 
pass out towards the central parts of t_he great ocean basins, !l1e 
debris of continental rocks gradually cl1_sappears from the deposits, 
and its place is taken by materials <lenved frcm modern volcarnc 
rocks, such as basalts, trachytes, augite-andesites, and vitreol's 
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varieties of these lithological families, for instance, pumice, and 
loose, incoherent, volcanic pa rticles of recent eruptions, with 
their characteristic minerals. All these mineral substances being 
usually extremely fine or areolar in structure, are easily attacked 
by the sea water at the place where they are deposited. This 
chemical action brings about an alteration of the minerals and 
vitreous fragments, which soon passes into complete decompo
sition, and in special circumstances gives rise to the formation of 
secondary products. In some places the bottom of the sea is 
covered with deposits due to this chemical action, principal among 
which is clayey matter, associa ted with which the re are often 
concretions composed of manganese and iron. In other regions 
the reactions which resul t in the formation of argillaceous 
matter from volcanic products give rise also to the formation of 
zeolites. 

Among other products ansmg from chemical action, pro
bably combined with the activity of organic matter, may be 
mentioned the formation of glauconite and phosphatic nodules, 
with, in some rare and doubtful examples, the deposition of 
silica. The decomposition of the tissues, shells, and skeletons 
o f organisms adds small quantities of iron, fluorine, and phos
pho1:ic ac id to the inorganic constituents of the deep-sea deposits. 

Fmally, we must mention extra-terrestri al snhstances in the 
form of cosmic dust. 

'Ne how pass to the consideration of the ,-i}fe played by organ
isms in the formation of marine deposits. O rganisms living al 
the surface of the ocean, along the coasts, and at the bottom of the 
sea a re continually extracting the lime, magnesia, and silica held in 
solution in sea water. The shells and skeletons of these, after the 
death o f the animals and plants, accumul ate at the bottom and 
g ive ri se to calca reous and siliceous deposits. The calcareous 
d eposits are made up of the remains of coccospheres, rhabdo
spheres, pelagic and deep-sea F oraminifera, p elagic and deep-sea 
Mollusks, Corals, Alcyonarians, P olyzoa, E chinoderms, Anne
lids, Fish, and other organisms. The siliceous deposits are 
forme d principally of frnstules of Diatoms, skeletons of Raclio
l.arians, and spicules of Sponges. 
. \Vhile the minute pelagic and deep-sea organisms above men

tioned play by far the most important part in the formation of 
deep-sea deposits, the influence of V erteb rates is recognisable 
only in a very slight degree in some special regions by the pre
sence of large numbers of sharks' teeth, and the ear-bones and 
a few other hones of whales. The otoliths of fi sh are usually 
present in the deposits, but, with the exception of two vertcbrre 
and a scapula, no other bones of fish have been detected in the 
large amount of material we have examined. 

A.,rent.r.-Having passed in review the various materials which 
go · to the format ion of deposits in th e deep water immediately 
surrounding the land and in the truly oceanic a reas, attention 
must now be directed to the agents which are concerned in the 
transport ::incl distribution of these, and to the sphere of their 
action. The relations existing b etween the organic and inorganic 
elements of deposits to which we have just referred, and the laws 
which determine their distribution, will be pointed out al the 
same time. 

The fluids which envelop the solid crust o f the globe are in
cessantly at work disintegrating the materials of the land, which, 
becoming loose and transportable, are carried .a way, sometimes 
by th e a tmosphere, sometimes by water, to lower regions, and 
a re eventually borne to the ocean in the form of solid particles 
or as matter in solution. The atmosphere when agitated, after 
having broken up the solid rock, transports the pa rticles from 
the continents, and in some regions carries them far out to sea, 
where they form an appreciable portion of the de posit ; as, for 
instance, off the west coast of North Africa and the south-west 
coast of Australia. Again, in times of volcanic eruptions, the 
dust and scoria which are shot into the a ir are carried immense 
distances by winds and atmospheric currents, and no small por
tion eventually falls into the sea. 
"'t W ater is, however, the most powerful agent concerned in the 
formation and distribution oLm arinc sediments. Running water 
corrodes the surface of the land, and carri es the trituratcd frag
m ents down into the ocean. The waters of th e ocean, in the form 
of waves :rnd ticlcs , at tack the coasls and cli stribute the debris at 
a lower level. Independently of the action of waves, there exist 
a long most coasts currents, more or less constant, which have an 
effect in removing sand, gravel, and pebbles further from their 
o rigin . Generally, terrestrial matters appear to be distributed by 
these means to a distance of one or two hundred miles from the 
coast. \Vaves ,rnd currents p robably have n o erosive or trans-

porting power at depths greater than 200 or 300 fathoms, and 
even a t such depths it is necessary that there should be some 
local and special conditions in order that the agitated water 
may prod uce any mechanical effect. However, it is not im
probable that, by a peculiar configuration of the bottom and 
ridges among oceanic islands, the deposit on a ridge may be dis
turbed by the tidal wave even at 1000 fathoms ; and this may be 
the ca.use of the hard ground sometimes met with in such posi
tions. By observations off the coast of France it has been shown 
that fine mud is a t times disturbed at a depth of 150 fathoms ; 
hut, while admi tting that this is the case on exposed coasts, the 
majority of observa tions indicate that beyond 100 fathoms it is 
an oscillation of the water, rather than a movement capable of 
exerting any geological action, which concerns us in this 
connection. 

Although the great oceanic currents have no direct influence 
upon the bottom, yet they have a very important indirect effect 
on deposits, because the organisms which li ve in the warm equa
torial currents fo rm a very large part of the sediment being de
posited there, and this in consequence di ffe rs greatly from the 
deposits forming in regions where the surface water is colder. 
In the same way a high or low specific gravity of the surface 
water has an important bearing on the animal and vegetable life 
of the ocean, and this in its turn affects the character of the 
deposits. 

T he thermometric observations of the Challm ,fei· show that a 
slow movement of cold water must take place in all the greater 
depths of the ocean from the poles, but pa rticularly from the 
southern pole, towards the equalor. It could be shown from 
many lines of argument that this extremely slow massive move
ment of the water can have no direct influence on the distribu
tion of marine sediments. 

Glaciers, which eventually become icebergs that are carried 
far out to sert by currents, transport clelri lal matter from the land 
lo the ocean, and thus moclify in the Arctic and Antarctic regions 
the ,leposits taking place in the regions affected by them. The 
detri tus from iceb ergs in the Atlantic can be traced as far south 
as latitude 36° off the American coast, and in the southern hemi
sphere as far north as latitude 40°. 

The fact that sea water retains fine matter in suspension for a 
much shorter time than fresh water should be referred to here as 
having an important influence in limiting the distribution of fine 
a rgillaceous and oth er materials borne cl own to the sea hy rivers, 
tlrns giving a distinctive character to deposits fo rming near land. 

\Ve have pointed out the influence of temperature and salinity 
upon the distribution of the surface organisms whose skeletons 
form a large part of some oceanic deposits, and may state also 
that the hathymct rical distribution of calcareous organisms is 
intluenced by the chemical action of sea water. We will return 
to these influences presently when describing the distribution of 
the variOLlS kinds of deposits and their recip rocal relations, espe
cially in those regions of the deep sea fa r removed from the 
mechanical action of rivers, waves, and superfici al currents. The 
action of life as a geological agent has b een indicated under the 
heacling Materials. 

M etho,is.-\Vc give here an example sh owing the order fol
lowed in desc ribing the deposits examined :-

Station 338 ; lat. 21 ° 15' S., long. 14° 2' W. ; March 21, 

1876; surface temperature 76°·5, bottom temperature 36° ·5, 
depth 1990 fathoms. 

G LOB!GER I:-I A OozE, white with slight rosy tinge when wet; 
granular, homogeneous, and very sligh tly coheren·t when dry ; 
resem bles ch alk. 

i . Ca rbonate of Calcium, 90 · 38 per cent., consists of pelagic 
F oraminifera (So per cent.) ; coccoliths and rhabdoliths (9 per 
cent. ) ; Miliolas, Discorbinas, and other F oraminifera, Ostracocle 
valves, fragments of Echini spines, and one or two small frag
ments of Pteropods (I ·38 per cent.). 

ii. Residui, 9 ·62 per cent., reddish brown ; consists of-
1. Jlfmr.ra!s [1·62] m. di. 0·45 mm., fragments of feldspar, 

hornblende, magnetite, magnetic spherules, a few small grains 
of manganese, and pumice. 

2. S iliceous Ore-a nis111s[1 ·oo], Radiolarians, spicules of Sponges, 
all(l imperfect casts of Foraminifera. 

3. Fin! Was!tin,gs [7·00], Argillaceous matter with small 
mineral particles and fragments o f pumice and siliceous 
organisms. 

The clescript ;on of the tleposits has been made upon this plan, 
which was aJ.optecl after many trials and much consideration. 
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T his is not the place to give the reasons which have guided us 
in adopting this mode of description, or to give in detail the 
methods that we have systematically employed for all the sedi
ments which we are engaged in describing. These will be fully 
given in the introduction to our Challenger Report. \Ve limit i 
omselves here to explaining the meanings and arrangement of ' 
terms and abbreviations, so that the method may be understood 
and made available for others. 

complete analysis has been made, which is a lways the case with 
typical samples of the deposits. 

.Kinds o.f D eposits.-We now proceed to the description of the 
various types of deposits into which it is proposed to divide the 
marine formations that are now taking place in the deeper water 
of the va rious oceans and seas. W e will speak first of those 
which arc met with in the deeper water of inland seas, and 
around the coasts of continents and islands, and afterwards of 
those which are found in the abysmal regions of the great oceans. 
T hose coast fo rmations which are being laid clown on the shores, 
or in very shallow water, and which have been somewhat care
full y desc ribed previous to the recent deep-sea explorations, are 
here negleclecl . 

The description commences by indicating the kind of deposit 
(red clay, blue mud, Globigcrina ooze, &c. ), with the macrosco
pic characters of the deposit, when wet or dry. 

\Ve have always endeavoured to give a complete chemical 
analysis of the deposit, but when it was impossible to do this we 
have always determined the amount o f Carbonate o.f Calcium. 
This determination was generally made by estimating the car
bonic acid. ~ ' e usually took a gramme of a mean sample of 
th~ substance for this purpose, using weak a nd cold hydrochloric 
acid. H owever, as the deposits oft en contain carbonates of 
magnesia and iron as well, the results calculated by associating 
the carbonic acid with the lime are not perfectly exact, but these 
carbonates of magnesia an<l iron arc almost always in very small 
proportion, anrl the process is, we think, sufficiently accurate, 
for, owing to the sorting of the elements which goes on during 
C?llection and carriage, no two samples from the same station 
give exactly the same percentage. T he number which follows 
the words " Cm·bonate of Calc,um " indicates the percentage of 
CaCO,i ; we then give the general designations of the principal 
calcareous organisms in the deposit. 

The part insoluble in the hydrochloric acid , after the deter
mination of the carbonic acid, is designated in our descriptions 
"Residue. " The number placed aft er thi s word indicates its 
percentage in the deposit; then follow the colour and principal 
physical properties. This residue is washed and submitted to 
decantations, which separate the several constituents according 
to their density; these form three groups- (1) Minerals, (2) 
Siliceom Organisms, (3) Fine iVashings. 

I. lvli nera/s.-Thc number within brackets indicates the per
centage of particular minerals anrl fragments of rocks. This 
nu m her is the result of an approximate eval nation, of which we 
will give the basis in our report. As it is important to determine 
the d imensions of the grains of minerals which constitute the 
deposit, we give , after the contraction 111 . di. , their mean diame
ter in millimetres. We give next the fo rm of the grains, if they 
a re rounded or angular, &c. ; then the enumeration of the species 
of minerals and rocks. In this enumeration we have placed the 
minerals in the order of the importance o f the 1-,Jle which they 
play in the deposit. The specific determinations have been made 
with the mineralogical microscope in parallel or convergent 
pola rised light. 

2 . ,\ilzceous Orga11ism s.-The nu mber he lween brackets in,li
catcs the percentage of siliceous organic remains ; we obtain it 
m the same manner as that placed aft er the word ,11il1erats. The 
siliceous organisms and their fragments are examined with the 
microscope and determined. \Ve have also placed under this 
heading the glauconitic casts of the F oraminifera and other 
calcareous organisms. 
. 3. Fin_~ Washi11gs._-\Ve designate by. this name the par

ticles which, restmg m suspension, pass wi th the first dccanta
tion. They are about 0·05 mm. or less in diameter. \Ve have 
heen unable to a rrange this microscopic matter under the cate
gory of J11inerals, for, owing to its minute and fragmentary 
nature, it is impossible lo determine the species. \Ve have 
always fou nd tha t the Fine 1'Va .1hings increase in quantity as lhe 
deposit passes to a clay, and it is from th is poin t of view that the 
subdivision has its raison d'ltn. \Ve often designate the lightest 
par ticles by the name argillaceous matter, but usually there are 
associated with this very small particles of indeterminable 
minerals and fragments of siliceous organisms. The number 
within brackets which follows the words fl,ne 1'Vas!1ings is ob
tamed 111 the same manner as those placecl aft er 111i1urals and 
S iliceous Organisms. 

. These few words will suffice to rend er the descriptions intclli
g1ble. G reater details will be given, as already stated, in the 
Challrn.rer R eport. It may be added that in the majority of 
cases we have solidified the sediments and form ed them into thin 
slides for microscopic examination, and tha t at all times the 
e_xamination hy transmitted light has been carried on at the same 
time as the examination by reflected light. Each description is 
fo~owed by notes upon the dredging or sounding, upon the 
ammals collected, and a discussion of the analysis whenever a 

A study of the collections made by the C/iallenger and other 
expeditions show-

( I ) That in the deeper water around continents and islands 
which a re neither of volcanic nor coral origin, the sediments are 
essentiall y composed of a mixture of sanely and am.,rphous 
matter, with a few remains of surface organisms, to which we 
give the name of muds, and which may be d istinguished macro
scopically by their colour. \Ve distinguish them by the names, 
blue, red, and i:reen 1nuds. 

(2) Around volcanic islands the deposits are chiefly composed 
of mineral fragments derived from the decomposition of volcanic 
rocks. These, according to the size of the grains, are called 
vo!ranic 1nuds or srznds. 

(3) Near co rn! islands and along shores fringed by coral reefs, 
the deposits are calca reous, derived chiet1y from the disintegra
tion of the neighbouring reefs, but they receive large additions 
from shells and skeletons of pelagic organisms, as well as from 
animals living at the bottom. These are named, according to 
circumstances, coral or coralline muds and sands. 

L et us now see what are the chief characteristics of each of 
these deposits. 

Blzie 111,ed is the most extensive deposit now forming around 
the great continents and continental islands, and in all inclosed 
or pa rtially ·inclosecl seas. It is characterised by a slaty colour 
which passes in most cases into a thin hyer of a reddish colour 
at the upper surface. These deposits a re coloured blue by 
organic mat ter in a state of decomposition, and frequently give 
off an odour of sul phurettecl hydrogen. \Vhen dried, a blue mud 
is grayish in colour, anrl rarely or never has the pl asticity and 
compactness of a true clay. It is finely granular, ancl occasion
ally contains fragments of rocks 2 cm. in diameter; generally, 
however, the minerals, which are deri ved from the continents, 
ancl a re fo und mixed up with the muddy matter in these de
posits, have a diameter of 0·5 mm. and Jess. Quartz particles, 
o ft en rounded, play the principal pa rt, next come mica, feldspar, 
augite, horn blende, and all the mineral species which come from 
the disintegration of the neighbouring lands, or the lands tra
versed by rive rs which enter the sea near the place where the 
specimens h ave been collected. These minerals make up the 
principal and characteristic portion of blue muds, sometimes 
forming So per cent of the whole deposit. Glauconite, though 
generall y p resent, is never abundant in blue muds. The remains 
of calcareous organisms are at times quite absent, but occasion
ally they fo rm over 50 per cent. The latte r is the case when 
the specimen is taken at a considerable clistance from the coast 
and at a moderate depth. These calca reous fragments consist 
of bottom-living and pelagic Foraminifera , Mollusks, Polyzoa, 
Serpuhe, Echinoderms, Alcyonarian-spicules, Corals, &c. The 
remains of Dia toms and Radiolarians are usually present. Gene
rally speaking, as we approach the shore the pelagic organisms 
disappenr ; and on the contrary, as we proceed seawards, the 
size of the mineral grains diminishes, and the remains of shore 
and coast organisms give place to pelagic ones, till finally a blue 
mud passes into a true deep-sea deposit. In those regions of 
the ocean affected with floating ice, the colour of these deposits 
becomes gray rather than blue at great distances from land, and 
is further modifi ecl by the presence of a greater or less abundance 
of glaciated blocks and fragments of quartz . 

Green /1,Jurls and Sands.-As regards their orgin, composition, 
and distribution near the shores of continental Janel, these muds 
and sands resem blc the hlue muds. They are largely composed 
of argillaceous matter and mineral particles of the same size and 
nature as in the blue muds. Their chief. characteristic is the 
presence of a considerable quanti~y of glauconitic grains, eit1!:er 
isolated or united into concretions. In the latter case the grams 
are cemented together by a brown a rgillaceous matter, and in
clude, bes ides quartz, feldspars, phosphate of lime, and other 
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minerals, more or less altered. The Foraminifera and fragments 
of Echinoderms and other organisms in these muds a,e frequently 
filled with glauconitic substance, and beautiful casts of these 
organisms remain after treatment with weak acid. At times 
there are few calcareous organisms in these deposits, and at other 
times the remains of Diatoms and Radiolarians are abundant. 
\Vhen these muds arc dried they become earthy and of a gray
green colour, They frequently give out a sulphuretted hydrogen 
odour. The green colour appears sometimes to be clue to the 
presence of organic matter, probably of vegetable origin, and to 
the reduction of peroxide of iron to protoxide under its influence. 
The green sands differ from the muds only in the comparative 
absence of the argillaceous and other amorphons matter, and by 
the more important part played by the grains of glauconite, 
which chiefly give the green colour to these sands. 

Red Jl[uds.-In some localities, as for instance off the Bra
zilian coast of America, the deposits differ from blue muds by 
the large quantity of ochreous matter brought down by the rivers 
and deposited along the coast. The ferruginous particles when 
mixed up with the argillaceous matter give the whole deposit a 
reddish colour. These deposits, rich in iron in the state of 
limonite, do not appear to contain any traces of glauconite, and 
have relatively few remains of siliceous organisms. 

Volcanic Muds and Sands.-The muds and sands around vol
canic islands are black or gray; when dried they are rarely 
coherent. The mineral particles are generally fragmentary, and 
consist of lapilli of the basic and acid series of modern volcanic 
rocks, which are scoriaceous or compact, vitreous or crystalline, 
and usually present traces of alteration. The minerals are 
sometimes isolated, sometimes surrounded by their matrix, 
aud consist principally of plagioclases, sanadin, amphibole, 
pyroxene, biotite, olivine, and magnetic iron ; the size of the 
particles diminishes with distance from the shore, but the mean 
diameter is generally 0·5 mm. Glauconite does not appear to 
he present in these deposits, and quartz is also very rare or 
absent. The fragments of shells and rocks are frequently 
covered with a coating of peroxide of manganese. Shells of 
calcareous organisms are often present in great abundance, and 
render the deposit of a lighter colour. The remains of Diatoms 
and Radiolarians are usually present. 

Coral Muds.-These mucb frequently contain as much as 95 
per cent. of carbonate of lime, which consists of fragments of 
Corals, calcareous Algce, Foraminifera, Serpula,, Mollusks, and 
remains of other lime-secreting organisms. There is a large 
amount of amorphous calcareous matter, which gives the deposit 
a sticky and chalky character. The particles may be of all sizes 
according to the distance from the reefs, the mean diameter 
hcing I to z mm., but occasionally there are large blocks of 
coral and large calcareous concretions; the particles are white 
and reel. Remains of siliceous organisms seldom make up over 
2 or 3 per cent. of a typical coral mud. The residue consists 
usually of a small amount of argillaceous matter, with a few 
fragments of feldspar and other volcanic minerals ; but off 
barrier and fringing reefs facing continents we may have a great 
variety of rocks and minerals. Beyond a depth of 1000 fathoms 
off coral islands the debris of the reefs begins to diminish, and 
the remains of pelagic organisms to increase ; the deposit be
comes more argillaceous, of a reddish or rose colour, and gra
dually passes into a Globigerina ooze or red clay. Coral Sands 
contain much less amorphous matter than coral muds, but in 
other respects they are similar, the sands being usually found 
nearer the reefs and in shallower water than the muds, except 
inside lagoons. In some regions the remains of calcareous alga, 
predominate, and in these cases the name coralline mud or sand 
is employed to point out the distinction. 

Such is a rapid view of the deposits found in the deeper waters 
of the littoral zones, where the debris from the neighbouring 
land plays the most important part in the formation of muds and 
sands. 

When, howe,·er, we pass beyond a distance of about 200 

miles from land, we find that the deposits are characterised 
by the great abundance of fragmentary volcanic materials which 
have usually undergone great alteration, and by the enormous 
abundance of the shells and skeletons of minute pelagic organisms 
which have fallen to the bottom from the surface waters. These 
true deep-sea deposits may be divided into those in which the 
organic elements predominate, and those in which the mineral 
comtituents pby the chief 1nrt. \Ve shall commence with the 
fonncr. 

( To {c" (Oil tin ued. ) 

THE TWO MANNERS OF MOTION OF 
WATER 1 

IT has long been a matter of very general regret with those 
who are interested in natural philosophy that in spite of the 

most strenuous efforts of the ablest mathematicians the theory of 
fluid motion fits very ill with the actual behaviour of fluids, and 
this for unexplained reasons. The theory itself appears to be 
very tolerably complete, and affords the means of calculating the 
results to be expected in almost every case of fluid motion, but 
while in many cases the theoretical results agree with those actu
ally obtained, in other cases they are altogether different. 

If we take a small body, such as a raindrop, moving through 
the air, the theory gives us the true law of resistance ; but if we 
take a large body, such as a ship moving through the water, the 
theoretical law of resistance is altogether out ; and what is the 
most unsatisfactory part of the matter is that the theory affords 
no clue to the reason why it should apply to the one class more 
than to the other. 

When seven years ago I had the honour of lecturing in this 
room on the then novel subject of vortex motion, I ventured to 
insist that the reason why such ill success had attended our theo
retical efforts was because, owing to the uniform clearness or 
opacity of water and air, we can see nothing of the internal 
motion, and while exhibiting the phenomena of vortex rings in 
water, rendered strikingly apparent by partially colouring the 
water, but otherwise as strikingly invisible, I ventured to predict 
that the more general application of this method, which I may 
call the method of colour-bands, would reveal clues to those 
mysteries of fluid motion which had baffled philosophy. 

To-night I ventnre to claim what .is at all events a partial 
verification of that prediction. The fact that we can see as far 
into flnids as into solids naturally raises the question why the 
same success should not have been obtained in the case of the 
theory of fluids as in that of solids. The answer is plain enough. 
As a rule there is no internal motion in solid bodies, and hence 
our theory, based on the assumption of relative internal rest, 
applies to all cases. It is not, however, impossible that an at 
all events seemingly solid body should have internal motion, and 
a simple experiment will show that if a class of such bodies 
existed they would apparently have disobeyed the laws of motion. 

These two wooden cubes are apparently just alike, each has a 
string tied to it. Now if a ball is suspended by a string you 
all know that it hangs vertically below the point of suspension, 
or swings like a pendulum ; you see this one does so, the other 
you see behaves quite differently, turning up sideways. The 
effect is very striking so long as you do not know the cause. 
There is a heavy revolving wheel inside which makes it behave 
like a top. 

Now what I wish you to see is that had such bodies been a 
work of Nature so that we could not see what was going on-if~ 
for instance, apples were of this nature while pears were what 
they are, the laws of motion would not have been discovered, or 
if discovered for pears wonld not have appliecl-.to apples, and so 
would hardly have been thought satisfactory. 

Such is the case with fluids. Here are two vessels of water 
which appear exactly similar, even more so than the solids, 
because you can see right through them, and there is nothing 
unreasonable in supposing that the same laws of motion would 
apply to both vessels. The application of the method of colour
bands, however, reveals a secret-the water of the one is at rest 
while that in the other is in a high state of agitation. 

I am speaking of the two manners of motion of water-not 
because there are only two motions possible : looked at by their 
general appearance the motions of water are infinite in number ; 
but what it is my object to make clear to-night is that all the 
various phenomena of moving water may be divided into two 
broadly distinct classes, not according to what with uniform 
fluids are their apparent motions, but according to what are the 
internal motions of the fluids which are invisible with clear fluids 
but which become visible with colour-bands. 

The phenomena to be shown will, I hope, have some interest 
in themselves, but their intrinsic interest is as nothing compared 
to their philosophical interest. On this, however, I can but 
slightly touch. I have already pointed out that the problems of 
fluid motion may be divided into two classes, those in which the 
theoretical results agree with the experimental and those in which 
they are altogether different. Now what makes the recognition 

1 Lectur~ at the Roy:d· Institut:on on Friday, March 28, by Prof. Osborne 
Reyn0ld.:;, F.R.S. 
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