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The sea is unquestio n ab ly  the  m ost pow erful dynam ic ag en t on the 
surface of th e  globe, and  its effects are deeply  im prin ted  on the ex te rna l 
c ru s t of our p la n e t; b u t  am ong the  sed im en tary  deposits which are 
a ttr ib u te d  to  its  action, and  am ong th e  effects w hich i t  has w rough t on 
the  surface fea tu res  of th e  ea rth , the  a tten tio n  of geologists has, till 
w ithin qu ite  recen t tim es, been p rinc ip a lly  d irected  to the  phenom ena 
which ta k e  place in th e  im m ediate v ic in ity  of th e  land. I t  is incon­
testab le  th a t  the  action of the  sea along coast and in shallow  w ater has 
p layed  th e  la rg e s t p a r t  in th e  form ation and  accum ulation of those 
m arine sedim ents w hich, so fa r as we can observe, form the  principal 
s tra ta  of the  solid c ru s t of th e  g lobe; and  it  has been from an a tten tiv e  
s tu d y  of th e  phenom ena w hich tak e  place along the shores of m odern 
seas th a t  we have been able to reco n stru c t in  some degree the condi­
tions under which the  m arine deposits o f ancien t tim es were laid down.

A tten tio n  has been  paid  only  in a very  lim ited degree to deposits of 
th e  sam e order, and, for th e  g re a te r  p art, o f th e  sam e origin, which differ 
from  th e  sands and  g ravels  of th e  shores and  shallow w aters only by a 
lesser size of th e  g ra in s, an d  by  th e  fac t th a t  they  are  laid down a t  a 
g rea te r d istance  from th e  land  and  in deeper w ater. A n d  still less 
a tten tio n  has been paid  to  those tru e  deep-sea deposits which are only 
know n th rough  system atic  subm arine  investiga tions. One m ight well 
a sk  w h a t deposits are  now ta k in g  place, or have in p a s t ages tak en  
place, a t  the  bottom  of th e  g re a t oceans a t  po in ts far rem oved from 
land , and  in regions w here th e  erosive and  tran sp o rtin g  action of w ater 
has little  or no influence. W ith o u t deny ing  th a t the  action of th e  tid a l 
w aves cau, u nder certa in  special conditions, ex e rt an  erosive and  tra n s ­
p o rting  power a t  g rea t d ep th s  in the  ocean, especially  on subm erged 
peaks and  b arrie rs , i t  is none the less certa in  th a t  these are exceptional 
cases, and  th a t  th e  action of w aves is alm ost exclusively confined to  the  
coasts o f em erged land . T here are  in th e  P acific  im m ense s tre tches of 
thousands of m iles w here we do no t encoun ter any  land, an d  in  the 
A tlan tic  we have sim ilar conditions. W h a t tak es  p lace in these  v as t 
regions w here th e  waves exercise no m echanical action on any  solid 
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object ? W e are abo u t to  answ er th is  question  by reference to th e  facts 
which an exam ination of deep-sea sedim ents has furnished.

A  study  of th e  sedim ents recen tly  collected in  th e  deep sea shows 
th a t  th e ir  n a tu re  and  mode of form ation, as well as th e ir  geographical 
and bathym etrica l d istrib u tio n , perm it deductions to  be m ade which 
have a g rea t and  increasing  im portance from  a geological p o in t o f view. 
In  m aking know n th e  com position of these deposits and th e ir d is trib u ­
tion, the  first ou tlines of a  geological map of th e  bottom  of th e  ocean 
will be sketched.

This is no t the  place to give a de ta iled  h isto ry  of the  various contri­
bu tions to  our know ledge of the  terrigenous deposits in  deep w ater n ear 
land , or of those tru e  deep-sea deposits fa r rem oved from land, which 
m ay be said to form th e  special sub ject of th is  com m unication. From  
th e  tim e of the  first expeditions u n d ertak en  w ith  a  view of a scerta in ing  
th e  dep th  of the  ocean, sm all q u an tities of m ud have been collected by 
th e  sounding lead  and  briefly described. W e m ay recall in th is  con­
nection th e  experim ents of Ross and  th e  observations of H ooker and 
M aury.

These investigations, m ade w ith more or less im perfect appliances, 
im m ediately  fixed th e  a tten tio n , w ithout, how ever, g iv ing  sufficient 
inform ation on which to  estab lish  any  general conclusions as to  th e  n a ­
tu re  of th e  deposits or th e ir  d is trib u tio n  in  th e  dep ths of the  sea.

W h en  system atic  soundings were u n d ertak en  w ith a view of e s ta b ­
lish ing  te leg raph ic  com m unication betw een E urope and  A m erica, the 
atten tion  of m any d istingu ished  men was d irec ted  to  th e  im portance, 
in a biological an d  geological sense, of the  specim ens of m ud b ro u g h t 
up from g re a t dep ths. The observations of W allich , H uxley, A gassiz, 
B aily , P o u rta lès, C arpen ter, Thom son, and  m any others, while n o t n eg ­
lecting  m iueralogical and  chem ical com position, deal w ith th is only in 
a  subord inate  m anner. T he sm all quan tities  of each specimen a t  th e ir 
com m and, and  th e  lim ited  areas from which they were collected, d id 
n o t p erm it the  estab lishm en t of any  general laws as to the ir composi­
tion or geographical and  bathym etrica l d istribu tion . These early  re ­
searches, how ever, directed  a tten tio n  to  th e  geological im portance of 
deep-sea deposits, and  p repared  the  way for the  expeditions organized 
w ith  the  special object of a scientific exploration of the  g rea t ocean 
basins.

The expedition of th e  C hallenger takes th e  first ran k  in these inv es­
tigations. D u rin g  th a t  expedition a large am ount of m aterial was col­
lected  and  b ro u g h t to  E n g lan d  for fuller s tudy  under the charge of Mr. 
M urray, who has in several prelim inary  papers pointed  ou t th e  compo­
sition and varieties of deposits which are now form ing over th e  floor of 
th e  g rea t oceans. In  order to arrive  a t resu lts  as general as possible, 
it was resolved to investiga te  th e  sub ject from th e  biological, m in e ra l 
ogical, and chemical points of view, and M. R enard  was associated w ith 
Mr. M urray in the work. In  addition to the  valuable  collections and
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observations m ade by th e  C hallenger, we have had  for exam ination  
m aterial collected by o ther B ritish  ships, such as th e  Porcupine, B u ll­
dog, V alorous, N assau, Swallow, Dove ; and, th rough  Professor Molin, 
by the  N orw egian N orth  A tlan tic  expeditiou. A gain , th rough  th e  lib ­
e ra lity  of the  U nited  S ta tes  C oast Survey  and Mr. A gassiz, th e  m aterial 
am assed in the splendid series of soundings taken  by the A m erican 
ships Tuscarora, B lake, and  G e tty sb u rg , were placed in our hands. 
The resu lts  a t which we have a rriv ed  m ay therefore be said to have 
been derived from a study  of all the  im p o rtan t availab le  m aterial.

The work connected w ith the exam ination  and  descrip tion of these 
large  collections is not y e t com pleted, b u t i t  is sufficiently advanced  to 
perm it some general conclusions to  be d raw n  w hich appear to  be of con­
siderab le im portance. In  addition  to descrip tions and  resu lts, we shall 
briefly s ta te  th e  m ethods we have adop ted  in  th e  study . A ll the  details 
of onr research  will be given in th e  rep o rt on th e  deep-sea deposits in 
th e  C hallenger series, which will be accom panied by  charts  ind ica ting  
th e  d istribu tion , jDlates show ing th e  p rincipal ty p es of deposits as seen 
by  the  microscope, and  num erous analyses g iv ing  th e  chem ical com posi­
tion a u d i ts  relation  to  the  m ineralogical com position. The descrip tion  
of each sed im ent will be accom panied by an enum eration of the  o rg an ­
ism s dredged  with th e  sam ple, so as to  fu rn ish  all th e  biological and  
m ineralogical inform ation which we possess on deep-sea deposits, and 
finally, we shall endeavor to estab lish  general conclusions which can 
only be ind icated  a t p resen t.

Before en te ring  on th e  subject, we believe i t  r ig h t to po in t ou t the 
difficulties which necessarily  accom pany such a research  as the one now 
under consideration, difficulties w hich arise often in p a r t  from th e  sm all 
q u an tity  of th e  substance  a t  our disposal, b u t also from the  very  n a tu re  
of the  deposit. Since we have endeavored to determ ine, w ith  g rea t 
exactitude, th e  com position of the deposit a t  any  given point, we have, 
w henever possible, tak en  th e  sam ple collected in th e  soundiug-tube. 
T h a t procured by the  traw l or dredge, a lthough usually  m uch larger, 
is not considered so sa tisfac to ry  on account of th e  w ashing  and  so rting  
to which th e  deposit has been subjected w hile being  hauled  th ro u g h  a 
g rea t dep th  of w ater. W e have, how ever, alw ays exam ined carefully  
th e  conten ts of these in strum en ts, a lthough  we do no t th ink  the  m a te ­
ria l gives sueli a  ju s t  idea of th e  deposit as th e  sam ple collected by the 
souuding-tube. The m ateria l collected by  th e  last-nam ed in stru m en t 
has been  taken  as th e  basis of our investiga tions, although th e  small 
q u an tity  often gives to i t  an in h eren t difficulty. I t  was the  sm all q u an ­
t i ty  of substance  collected by  th e  sounding-tube in early  expeditious 
which p reven ted  the  first observers from arriv in g  a t any definite re ­
su lts, b u t when such sm all sam ples are  supplem ented by  occasional 
large hauls from th e  dredge or traw l, they  become much more valuable  
and ind icative of the  n a tu re  of the  deposit as a whole. N ot only the 
scan tiness of the  m aterial, b u t the sm all size of the  g rains, which in
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most instances m ake up deep-sea deposits, render the determ inations 
difficult. In  sp ite  of the im provem ents recen tly  effected in the  m icro­
scopical exam ination of m inerals, it  is im possible to  apply  a ll th e  o p ti­
cal resources of th e  in stru m en t to  th e  determ ination  of the  species of ex­
trem ely  tine, loose, and frac tu red  partic les. A gain , the  exam ination of 
these deposits is rendered  difficult by the presence of a large q u an tity  
of am orphous m ineral m a tte r, and of shells, skeletons, and m inute p a r­
ticles of organic origin. I t  is also to be observed th a t  we have no t to 
deal w ith pure and un a lte red  m ineral fragm ents, b u t w ith partic les upon 
which th e  chem ical action of the  sea lias w rough t g rea t changes, and 
more or less destroyed  th e ir  d istinc tive  characters.

W h a t still fu rth e r  com plicates these researches is the endeavor to 
discover th e  origin of the  heterogeneous m ateria ls which m ake up the 
deposits. These have been sub jected  to  th e  influence of a g rea t num ber 
of agen ts, of some of which our know ledge is to  a  g rea t ex ten t s till in 
its  infancy. W e m ust ta k e  in to  account a la rge  num ber of agen ts and 
processes, such as ocean cu rren ts  ; the d istribu tion  of tem p era tu re  in 
the w ater a t  the  surface and  a t  the  bottom  ; th e  d istribu tion  of o rgan ­
isms as dependen t on tem p era tu re  and specific g rav ity  of th e  w a te r; 
the  influence of aerial c u rren ts ; the  carry ing  power of rivers ; th e  lim it 
of tran sp o rt by waves ; the  erup tions of aeria l and subm arine volcanoes; 
the effect of g laciers in tra n sp o rtin g  m ineral particles, and, when m elt­
ing, influencing th e  specific g rav ity  of the w ater, which in tu rn  affects 
th e  anim al and p lan t life of th e  surface. I t  is necessary to stu d y  the 
chemical reactions which tak e  place in g rea t d ep ths ; in short, to call 
to  our aid  all the  assistance  which th e  physical and biological sciences 
can furnish. I t  will th u s  be understood th a t  the  ta sk , like all first a t ­
tem pts in a new field, is one of exceptional difficulty, and dem ands con­
tinued effort to ca rry  i t  to a successful issue.

In  p resen ting  a sh o rt résum é of ou r m ethods, of the  nom enclature we 
have adopted, and  of the  investigation  in to  the origin of th e  deposit in 
the deep sea and deeper p a rts  of the  li tto ra l zones, we offer it  as a  sketch  
of our research, p repared  to modify the arrangem en ts in an y w ay  which 
an  in te lligen t criticism  may suggest.

Before proceeding to a descrip tion of m ethods and  of the varieties of 
deposits, w ith th e ir  d istribu tion  in m odern ocean, we will briefly enum ­
era te  th e  m ateria ls  which our exam ination  has shown to tak e  p a rt in 
the  form ation of these  deposits, s ta te  the  origin of the m aterial, and  
the  agen t concerned in th e ir  deposition, d istribu tion , and modification.

M a t e r i a l s .—The m ateria ls w hich u n ite  to  form the deposits which 
we have to describe m ay be divided in to  two groups, viewed in re la ­
tion to th e ir  origin, viz, m ineral and  organic.

The m ineral partic les carried  in to  th e  ocean hav e  a different form 
and size, according to th e  agen ts which have been concerned in th e ir  
transpo rt. G enerally  speaking, th e ir  size dim inishes w ith d istance 
from the coast, b u t here  we lim it our rem arks to the  m ineralogical
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ch a rac te r of th e  partic les. W e find iso la ted  fragm ents of roeks and 
m inerals com ing from cr5Tsta lline  and schisto-crystalline series, and 
from th e  c lastic  and  sed im entary  form ations ; according to th e  n a tu re  
of th e  n earest coasts they  belong to gran ite , d iorite, diabase, porphyry , 
&e.; c ry sta lline  schists, ancien t lim estones, and  sed im entary  rocks of 
all geological ages, w ith th e  m inerals which come from th e ir d is in te ­
g ration , such as quartz , m onoclinic and triclin ic feldspars, hornblende, 
augite, rhom bic pyroxene, olivine, m uscovite, bio tite , titan ic  and m ag­
netic  iron, tourm aline, garn e t, epidote, and  o th e r secondary m inerals. 
The tr itu ra tio n  and decom position of these rocks and  m inerals give rise 
to  m ateria ls  more or less am orphous and w ithou t d istinctive characters, 
b u t the  origin of which is ind ica ted  by association with the  rocks and 
m inerals ju s t  m entioned.

A lthough  th e  debris of continen tal land  to which we have ju s t  re ­
ferred  p lays the  m ost im p o rtan t rôle in th e  im m ediate v icinity  of shores, 
yet our researches show beyond do u b t th a t  when we pass ou t tow ards 
th e  cen tral p a rts  of the  g rea t ocean basins, the  débris of continental 
rocks g radua lly  d isappears from th e  deposits, and its  place is taken  by 
m ateria ls derived from m odern volcanic rocks, such as basalts, trachy tes, 
aug ite-andesites, and v itreous varie ties  of these  lithological fam ilies, 
for instance, pum ice, and loose, incoheren t, volcanic partic les of recent 
erup tions, w ith th e ir  ch arac teris tic  m inerals. A ll these m ineral su b ­
stances being usually  extrem ely  fine or areo la r in s truc tu re , are  easily 
a tta ck ed  by th e  sea w ater a t  th e  place w here they  are deposited. This 
chem ical action b rings abo u t an  a lte ra tio n  of th e  m inerals and vitreous 
fragm ents, which soon passes in to  com plete decom position, and in 
special c ircum stances gives rise to  the  form ation of secondary products. 
In  some places th e  bottom  of th e  sea is covered w ith  deposits due to 
th is  chem ical action, p rinc ipal am ong w hich is clayey m atter, associ­
a ted  w ith which th e re  are  often concretions composed of m anganese 
and  iron. In  o ther regions the  reactions w hich re su lt im th e  form ation 
of argillaceous m a tte r from  volcanic p roducts g ive rise  also to the for­
m ation of zeolites.

A m ong o ther p roducts aris ing  from  chem ical action, p robably  com­
b ined  w ith  th e  ac tiv ity  of organic m atte r, m ay be m entioned the  for­
m ation  of g lauconite and phosphatic  nodules, w ith, in some ra re  and  
doub tfu l exam ples, the  deposition of silica. The decom position of th e  
tissues, shells, and  skeletons of organism s adds sm all quan tities of iron, 
fluorine, and  phosphoric acid to th e  inorgan ic  constituen ts of the deep- 
sea deposits.

F inally , we m ust m ention ex tra -te rrestria l substances in th e  form of 
cosmic dust.

W e now pass to th e  consideration of th e  rôle p layed  by  organism s in 
the  form ation of m arine deposits. O rganism s liv ing  a t  the  surface of 
th e  ocean, along th e  coasts, and  a t the  bottom  of th e  sea are  con tinu­
ally  ex trac tin g  the lime, m agnesia, and silica held in solution in sea
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w ater. - The shells and  skeletons of these, a fter the death of the anim als 
and p lan ts , accum ulate a t  th e  bottom  and  give rise to calcareous and 
siliceous deposits. The calcareous deposits are  m ade up of the rem ains 
of coccosplieres, rhabdospheres, pelagic and deep-sea Foram inifera, pe­
lagic and  deep-sea M ollusks, Corals, A lcyonariaus, Polyzoa, Ecbino- 
derm s, A nnelids, F ish , and  o ther organism s. The siliceous deposits are 
formed p rincipally  of fru stu les of D iatom s, skeletons of R adiolarians, 
and  spicules of Sponges.

W hile th e  m inute pelagic and deep-sea organism s above m entioned 
p lay  by  far th e  m ost im p o rtan t p a r t in th e  form ation of deep-sea de­
posits, the  influence of v e rteb ra tes  is recognizable only in a v ery  s lig h t 
degree in some special regions by th e  presence of large num bers of 
sh a rk s’ tee th  and  the ear bones and  a few  o ther bones of whales. The 
o to liths of fish are  usually  p resen t in the  deposits, bu t, w ith  the  ex ­
ception of two verteb ræ  and a scapula, no o ther bones of fish have been 
detected  iu th e  large am ount of m ateria l we have exam ined.

A g e n t s .—H aving  passed in review  the various m aterials which go 
to th e  form ation of deposits in the  deep w ater im m ediately surround ing  
the  land and in the  tru ly  oceanic areas, a tten tion  m ust now be d irected 
to the ag en ts  which are concerned in the tra n sp o rt and d is tribu tion  of 
these, and to the  sphere of th e ir  action. The relations ex isting  between 
the  organic and inorganic elem ents of deposits to which we have ju s t  
referred , and the  law s which determ ine th e ir d istribu tion , will be 
pointed  out a t the  same time.

The fluids which envelop the  solid crust of the  globe are incessantly  
a t work d is in teg ra tin g  the m ateria ls of the land, which, becom ing 
loose and transpo rtab le , are  carried  aw ay, som etim es by  th e  atm os­
phere, som etim es by w ater, to lower regions, and are eventually  borne 
to the  ocean in the form of solid partic les or as m a tte r in solution. The 
atm osphere, when ag ita ted , a f te r  hav ing  broken up th e  solid rock, 
tran sp o rts  the' particles from the  continents, and in some regions car­
ries them  far out to sea, w here they  form an appreciable portion of the  
deposit, as, for instance, off th e  w est coast of N orth  A frica  and the  
southw est coast of A ustra lia . A gain , in tim e of volcanic eruptions, 
the d u st and  scoria which are sho t into the  air are carried im m ense d is­
tances by w inds and atm ospheric cu rren ts, and no small portion  even t­
ually  falls in to  the  sea.

W ate r  is, however, the  m ost powerful agen t concerned in the form a­
tion and d istribu tion  of m arine sedim ents. R unn ing  w ater corrodes 
the surface of th e  land  and carries th e  tr itu ra te d  fragm ents down into 
the ocean. The w aters of the  ocean, in form of w aves and tides, a ttack  
the coast and d is tr ib u te  the  debris a t a low er level. Independen tly  of 
the  action of the w aves, th ere  ex ists  along- m ost coasts cu rren ts, more 
or less constan t, w hich have an  effect in rem oving sand, gravel, and 
pebbles fa rth e r  from th e ir origin. G enerally , te rre s tr ia l m a tte rs  appear 
io be d is tribu ted  by these  m eans to a d istance  of one or two hundred
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m iles from th e  coast. W aves autl cu rren ts  probably  bave 110 erosiX'e 
or tran sp o rtin g  pow er a t  d ep th s  g rea te r th an  200 or 300 fathom s, and 
even a t  such d ep ths i t  is necessary th a t  th ere  should be some local and  
special conditions in order th a t  th e  ag ita ted  w ater m ay produce any 
m echanical effect. H ow ever, it  is no t im probable th a t, by a peculiar 
configuration of the  bottom  and  ridges am ong oceanic islands, the de­
posit on a ridge  m ay be d is tu rb ed  by th e  tida l wave even a t 1,000 
fa th o m s; and  th is  m ay be the  cause of th e  h a rd  ground som etim es 
met with in sueli positions. B y observations off the  coast of F rance  it 
has been shown th a t  fine m ud is a t tim es d is tu rb ed  a t a  d ep th  of 130 
fa thom s; b u t while ad m ittin g  th a t th is  is th e  case on exposed coasts, 
th e  m ajority  of observations ind ica te  th a t  beyond 100 fathom s it is an 
oscillation of the  w ater, ra th e r  th an  a m ovem ent capable of exerting  
any  geological action, which concerns us in th is  connection.

A ltho u g h  the g rea t oceanic cu rren ts  have no d irec t influence upon 
th e  bottom , yet they  have a very im po rtan t ind irect effect upon depos­
its, because the  organism s which live in the  w arm  equatoria l cu rren ts  
form a very large p a r t  of th e  sedim ent being deposited  there, and th is 
in consequence differs g rea tly  from  th e  deposits form ing in regions 
w here th e  surface w ater is colder. In  the  sam e way a high or low spe­
cific g rav ity  of the surface w ater has an im p o rtan t bearing  on the 
anim al and  vegetab le  life of the  ocean, and  th is in its  tu rn  affects the 
ch a rac te r of th e  deposits.

The tlierm om etric observations of the  C hallenger show th a t a slow 
m ovem ent of cold w ater m ust tak e  place in all the  g rea te r  dep ths of the 
ocean from the  poles, b u t p a rticu la rly  from  th e  so u thern  pole, tow ards 
tiie equator. I t  could be shown from m any lines of argum en t th a t  this 
ex trem ely  slow m assive m ovem ent of th e  w ater can have  no d irec t in ­
fluence on th e  d istrib u tio n  of m arine sedim eijts.

G laciers, which eventually  becam e icebergs th a t  are carried fa r out 
to sea  by curren ts, tra n sp o rt de trita ! m a tte r  from  th e  land  to the  
ocean, and  th u s  m odify in the  A rc tic  and A n ta rc tic  regions the  deposits 
tak in g  place in th e  regions affected by  them . The d e tritu s  from ice­
bergs in the A tlan tic  can be traced  as far south  as la titu d e  3G° off' the  
A m erican coast, and  in the  southern  hem isphere as fa r  no rth  as la ti­
tude  40°.

The fac t th a t  sea w ater re ta in s fine m a tte r  in suspension for a  m uch 
sho rte r tim e th an  fresh w a te r should be referred  to here as h av in g  an 
im po rtan t influence in lim iting  th e  d is tribu tion  of fine argillaceous and 
o ther m ateria ls  borne down to the  sea b y 'riv e rs , th u s  g iv ing  a d is tin c­
tive ch a rac ter to deposits form ing near land.

W e have po in ted  ou t th e  influence of th e  tem pera tu re  and salin ity  
upon th e  d istribu tion  of the  surface organism s whose skeletons form a 
large p a r t  of some oceanic deposits, and may s ta te  also th a t  the  b a th y ­
m etrical d istribu tion  of calcareous organism s is influenced by the 
chem ical action of sea w ater. W e will re tu rn  to these influences p res­
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ently  when describ ing  th e  d is tribu tion  of th e  various kinds of deposits 
and th e ir reciprocal relations, especially  in those regions of the  deep 
sea far rem oved from the  m echanical action of rivers, waves, and su p er­
ficial cu rren ts. The action of life as a  geological agen t has been ind i­
cated under the heading  M aterials.

M e t h o d s .— We give here  an exam ple show ing the order followed in 
describ ing  the deposits exam ined:

S tation  338 ; la titu d e  21° 15' S., long itude  14° 2' W . ; M arch 21,1870; 
surface tem peratu re, 7G°.5; bottom  tem peratu re , 3G°.5; dep th , 1,990 
fathom s.

G lobigerina ooze, w hite, w ith  slig h tly  rosy tinge when w e t; g ranu lar, 
hom ogeneous, and very  sligh tly  coheren t when d ry ;  resem bles chalk.

I. C arbonate of calcium , 90.38 per cent., consists of pelagic F o ram i­
nifera (80 p e rcen t.)  ; coccolitlis and rhabdo lith s (9 per cent.) ; Miliolas, 
D iscorbinas, and  o th e r F oram inifera , O stracode valves, fragm ents of 
Echini spines, an d  one or two sm all fragm ents of P teropods (1.38 per 
cent.).

I I . Residue, 9.G2 per cent., redd ish  brow n, consists of—
1. M inerals [1.G2] m. di. 0.45min, fragm ents of feldspar, hornblende, 

m agnetite , m agnetic spheru les, a few sm all g rains of m anganese, and 
pumice.

2. Siliceous organism s [1-00], E ad io larians, spicules of Sponges, and 
im perfect casts of Foram inifera.

3. F in e  w ashings [7.00], arg illaceous m a tte r w ith sm all m ineral p a r­
ticles and  fragm ents of pumice and  siliceous organism s.

The description of the  deposits has been m ade upon th is  p lan , which 
was adopted  a fte r m any tria ls  and  m uch consideration. This is no t 
th e  place to give the  reasons which have guided us in adop ting  th is  
mode of descrip tion , or to give in detail the  m ethods th a t we have sys­
tem atically  employed for all th e  sedim ents which we are  engaged in 
describing. These xvill be fully  given in the in troduction  to our C hal­
lenger report. W e lim it ourselves here  to explain ing th e  m eanings 
and a rrangem en t of term s and abbreviations, so th a t  th e  m ethod may 
be understood and m ade available for others.

The description commences by indicating the  k ind of deposit (red clay, 
blue mud, G lobigerina ooze, &c.), w ith the  microscopic characters  of the  
deposit, w hen w et or dry.

W e have alw ays endeavored to give a com plete chemical analysis of 
the deposit, b u t when it  was im possible to do th is  we h a i’e alw ays de­
term ined the  am ount of carbonate  of calcium. T his determ ination  was 
generally  m ade by estim ating  th e  carbonic acid. W e usually  took a 
gram  of a m ean sam ple of th e  substance  for th is purpose, using weak 
and cold hydrochloric acid. H ow ever, as the  deposits often contain 
carbonates of m agnesia and  iron as well, the  resu lts calculated by asso­
c iating  the  carbonic acid w ith th e  lime are  no t perfectly  exact, b u t these 
carbonates of m agnesia and iron are  alm ost alw ays in a very sm all pro­
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portion , and  th e  process is, we th in k , sufficiently accurate, for, owing 
to  the  so rting  of the  elem ents which goes on d u ring  collection and car­
riage, no two sam ples from th e  sam e sta tion  give exactly  th e  sam e p e r­
centage. The num ber which follows the w ords “ carbonate  of calcium ” 
ind icates the  percentage of C aC 0 3 ; we then give th e  general designa­
tions of th e  principal calcareous organism s in th e  deposit.

The p a r t  insoluble in the  hydrochloric acid, a fte r th e  determ ination  
of the  carbonic acid, is designated  in our descrip tions ‘‘ residue.” The 
num ber placed a fte r th is  word ind icates its  percen tage  in the  deposit ; 
then  follow the color and principal physical properties. This residue 
is w ashed and subm itted  to  décan ta tions, which separa te  th e  several 
co nstituen ts  according to  th e ir  d en s ity ; these form th ree  groups, (1) 
m inerals, (2) siliceous organism s, (3) fine w ashings.

1. M i n e r a l s .—The num ber w ithin b rackets ind icates the percen tage  
of p a rticu la r m inerals and  fragm ents of rocks. T his num ber is the  re ­
su lt of an approxim ate evaluation , of which we will give the  basis in 
our report. A s i t  is im p o rtan t to determ ine th e  dim ensions of th e  
g ra in s of m inerals which co n stitu te  th e  deposit, we give, a fter the  con­
trac tio n  m. di., th e ir  mean d iam eter in m illim eters. W e give n ex t the  
form of th e  grains, if  th ey  are  rounded  or angu lar, &c. ; th en  the  
enum eration  of th e  species of m inerals and  rocks. In  th is enum era­
tion we have placed th e  m inerals in th e  order of the  im portance of th e  
role which they  p lay  in th e  deposit. The specific determ inations have 
been m ade with th e  m ineralogical microscope in  paralle l or convergent 
polarized ligh t.

2. S il i c e o u s  o r g a n is m s .— The num ber betw een b rack e ts  indicates 
the  percentage of siliceous organic rem ains ; we obtain  it in th e  same 
m anner as th a t  placed a fte r th e  word “ m inerals.” The siliceous o rgan ­
isms and th e ir  fragm ents are  exam ined w ith  th e  microscope and  d e te r­
mined. W e have also p laced under th is  h ead ing  the  G lauconitic casts 
of th e  F oram in ifera  and  o ther calcareous organism s.

3. F i n e  w a s h i n g s .—W e designate  by th is  nam e the partic les which, 
re s tin g  in suspension, pass w ith the  first décantation . They are  abou t 
0.04mm or less in diam eter. W e have been unable to arrange  th is  m i­
croscopic m a tte r  under th e  category  of m inerals, for, owing to its m inute 
and fragm en tary  na tu re , i t  is im possible to determ ine the species. W e 
have alw ays found th a t  the  fine w ashings increase in q u an tity  as the  
deposit passes to a clay, and  it is from th is p o in t of view th a t  th e  su b ­
division has its raison d’être. W e often designate  the  lig h test partic les 
by th e  nam e argillaceous m atter, bu t usually  th e re  are associated w ith 
th is  very  small partic les o f indeterm inable  m inerals and fragm ents of 
siliceous organism s. The num ber w ith in  b racke ts which follows the  
words “ fine w ash in g s” is ob ta ined  in th e  sam e m anner as those placed 
afte r “ m in era ls” and  “ siliceous organism s.”

These few w ords will suffice to  ren d e r th e  descrip tions intelligible. 
G rea te r details will be given, as a lready  s ta ted  in the  C hallenger report.

\
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I t  may be added th a t  in th e  m ajority  of cases we have solidified the  
sedim ents and  form ed them  in to  th in  slides for microscopic exam ina­
tion, and  th a t  a t  all tim es the  exam ination  by tran sm itted  lig h t has been 
carried  on a t  the  same tim e as th e  exam ination by  reflected ligh t. E ach  
descrip tion  is followed by  notes upon th e  d redg ing  or sounding, upon 
the  anim als collected, and  a discussion of the  analysis w henever a  com­
plete  analysis has been m ade, w hich is alw ays the  case w ith  typ ical 
sam ples of th e  deposits.

K in d s  o f  d e p o s i t s .—W e now proceed to  th e  descrip tion of th e  v a ­
rious types of deposits in to  which i t  is proposed to divide th e  m arine 
form ations th a t  a re  now tak in g  place in  th e  deeper w ater of th e  various 
oceans and  seas. W e will speak  first of those which are  m et w ith  in 
th e  deeper w ater of in land  seas, and  around  th e  coasts of continents 
and islands, and  afte rw ard s of those w hich are  found in th e  abysm al 
regious of th e  g rea t oceans. Those coast form ations w hich are  being 
laid  down on th e  shores, or in  very  shallow  w ater, and  w hich have been 
som ew hat carefully described previous to th e  recent deep-sea exp lo ra­
tions, are  here  neglected.

A  study  of th e  collections m ade by  th e  C hallenger and o th e r expedi­
tions shows—

(1.) T h a t in th e  deeper w ater around  con tinen ts and islands which 
are  ne ither of volcanic nor coral origin, th e  sedim ents are  essentially  
composed of a  m ix tu re  of sandy  and  am orphous m atter, w ith  a  few r e ­
m ains of surface organism s, to  which we give th e  nam e of m uds, and 
which m ay be d istingu ished  m icroscopically by th e ir  color. W e d is­
tinguish  them  by th e  nam es blue, red , and  green  muds.

(2.) A iound  volcanic islands th e  deposits are  chiefly composed of 
m ineral fragm ents derived from th e  decom position of volcanic rocks. 
These, according to  the  size of th e  grains, are  called volcanic m uds or 
sands.

(3.) X ear coral islands and  along shores fringed  by coral reefs th e  
deposits are calcareous, derived chiefly from th e  d isin teg ra tion  of th e  
neighboring reefs, b u t th ey  receive la rg e  add itions from shells and 
skeletons of pelagic organism , as well as from  anim als liv ing  a t  the 
bottom . These are nam ed, according to circum stances, coral or coral­
line m uds and  sands.

L e t us now see w h at are the  chief characteristics  of each of these d e ­
posits.

Blue mud is th e  m ost extensive deposit now form ing around  the  g rea t 
continents and  continental islands and in  all inclosed or p a rtia lly  iu- 
closed seas. I t  is characterized  by th e  sla ty  color which passes in m ost 
cases in to  a th in  layer of a reddish color a t th e  upper surface. These 
deposits are colored blue by  organic m a tte r in a s ta te  of decomposition 
and frequently  give off an odor of su lphure ted  hydrogen. W hen  dried  
a b lue m ud is g ray ish  in color and ra re ly  or never has the  p lastic ity  
and com pactness of a tru e  clay. I t  is finely g ran u lar and occasionally
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contains fragm ents of rocks 2cm in d iam eter 5 generally , how ever, th e  
m inerals, which are derived from  th e  con tinen ts and  are found m ixed 
up with the  m uddy m atte r in these  deposits, have a diam eter of 0.5ram 
and  less. Q uartz  partic les, often  rounded , p lay  the  principal p a r t  ; 
nex t come mica, feldspar, aug ite , hornblende, and all the  m ineral species 
which come from the d isin tegra tion  of th e  neighboring  lands, or the 
lands trav ersed  by  rivers which e n te r  the  sea near th e  p lace where 
the specim ens have been collected. These m inerals m ake up the p rinci­
pal and  characteristic  portion of blue m uds, som etim es form ing SO per 
cent, of the  whole deposit. G lauconite, though  generally  present, is 
never ab u n d an t in b lue m uds. The rem ains of calcareous organism s 
are  a t  tim es qu ite  absent, b u t occasionally  th ey  form over 50 per cent. 
The la tte r  is the case when th e  specim en is taken  a t  a  considerable d is­
tance from th e  coast and a t  a  m oderate dep th . These calcareous frag ­
m ents consist of bottom -liv ing and  pelagic F oram inifera , M ollusks, P o ly ­
zoa, Serpulæ , Echinoderm s, A lcyonarian-spicules, C orals, &c. The re ­
m ains o f D iatom s and  Itad io la rian s  are  usually  p resen t. G enerally  
speaking, as we approach the  shore the  pelag ic  organism s disappear, 
and, on the  con trary , as we proceed seaw ards, th e  size of the  m ineral 
g ra ins dim inishes, and  th e  rem ains of shore and coast organism s give 
place to  pelagic ones, till finally a blue m ud passes in to  a tru e  deep-sea 
deposit. In  those regions of th e  ocean affected w ith  floating ice th e  
coloi- of these deposits becomes g ray  ra th e r  than  blue a t g rea t d istances 
from land, and  is fu rth e r  modified by the presence of a  g rea te r or less 
abundance of g laciated  blocks and  frag m en ts  of quartz .

Green minis and sands.—A s reg a rd s th e ir  origin, com position, and d is­
tribu tion  near th e  shores of con tinen ta l hind, these  m uds and sands 
resem ble th e  b lue m uds. T hey are  la rge ly  com posed of arg illaceous 
m a tte r and  m ineral partic les of th e  sam e size an d  n a tu re  as in th e  blue 
m uds. T heir ch ief ch a rac te ris tic  is th e  presence of a considerable 
q u an tity  of glauconitic  g ra in s, e ith e r iso la ted  or un ited  in to  concre­
tions..- In  the  la tte r  case th e  g ra in s are  cem ented to g e th e r by a brow n 
argillaceous m atte r, and include, besides q u artz , feldspar, phosphate  
of lime, and  o ther m inerals, more or less a ltered . The Foram inifera and 
fragm ents of Echinoderm s and o th e r organism s in these m uds are  fre ­
quen tly  filled w ith g laucon itic  substance, and b eau tifu l casts of tliese 
organism s rem ain a fte r trea tm en t w ith w eak acid. A t tim es th e re  arc 
few calcareous organism s in these  deposits, and  a t  o ther tim es the  re ­
m ains of d iatom s and rad io la rians are  ab u n d an t. W hen these  m uds 
a re  dried  th ey  become ea rth y  an d  of a  gray-green color. They fre­
quently  give o u t a su lp liu re ted  hydrogen  odor. The green color a p ­
pears som etim es to be due to the  presence of organic m atter, probably 
of vegetable origin, and  to th e  reduction of peroxide of iron to protoxide 
under its  influence. The green sands differ from the  m uds only in the  
com parative absence of the  argillaceous and o th e r am orphous m atter, 
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and  by  th e  more im p o rtan t p a r t  p layed  by  the  grains of glauconite, 
w hich chiefly give th e  green color to  these  sands.

Tied muds.—In  some localities, as for instance off the  B razilian  coast 
of A m erica, th e  deposits differ from  blue m uds by  the  large  q u an tity  
of ochrcous m a tte r  b ro u g h t down by the  rivers and  deposited along 
th e  coast. The ferruginous partic les w hen m ixed up w ith th e  arg illa ­
ceous m a tte r g ive th e  whole deposit a  reddish  color. These deposits, 
rich  in  iron in th e  s ta te  of lim onite, do no t ap p ear to  contain any  traces 
of g lauconite, and  have  re la tiv e ly  few rem ains of siliceous organisms-

Volcanic muds and sands.— The m uds and  sands around volcanic 
is lands are  b lack  or g ra y ; w hen dried th ey  are  rare ly  coherent. The 
m ineral partic les a re  genera lly  fragm en tary , and consist of lapilli of the  
basic and acid series of m odern volcanic rocks, w hich are scoriaceous or 
com pact v itreous or crysta lline, and  u sually  p resen t traces of a lteration . 
The m inerals a re  som etim es iso lated , som etim es surrounded by  the ir 
m atrix , and consist p rincipally  of p lagioelases, sanadin , am phibole, p y r­
oxene, b io tite, olivine, and  m agnetic  iro n ; th e  size of the  partic les 
dim inishes w ith d istance  from th e  shore, b u t th e  m ean d iam eter is gen­
erally  0.5mm- G lauconite  does no t ap p ear to  be p resen t in these d e ­
posits, and q uartz  is also very  ra re  or absent. The fragm ents of shells 
and  rocks are  freq u en tly  covered w ith a coating  of peroxide of m anga­
nese. Shells of calcareous organism s are often p resen t in g rea t ab u n ­
dance, and  ren d er the deposit o f a  lig h te r color. The rem ains of D iatom s 
and  B ad io larians are  usually  p resen t.

Coral muds.—These m uds frequen tly  contain as much as 95 per cent, 
of carbonate  of lime, w hich consist of fragm ents of Corals, calcare­
ous A lgæ , Foram inifera, Serpulae, M ollusks, and  rem ains of o th e r lime- 
secreting  organism s. T here  is a  la rg e  am ount of am orphous calcareous 
m atte r, which gives th e  deposit a  sticky  and chalky character. The 
partic les m ay be of all sizes, accord ing  to  th e  d istance  from th e  reefs, 
th e  m ean d iam eter be ing  1 to  2mm, b u t occasionally th e re  are  la rg e  
blocks of coral and  large  calcareous concretions ; th e  particles are  w hite 
and red. R em ains of siliceous organism s seldom  m ake up  over 2 or 3 
p er cent, of a  typ ica l coral m ud. The residue consists usually  of a sm all 
am ount of argillaceous m a tte r, w ith  a few fragm ents of fe ld spar and 
o ther volcanic m inerals ; b u t off b a rrie r and  fring ing  reefs facing con­
tinen ts we m ay have a g rea t v a rie ty  of rocks and  m inerals. Beyond a  
dep th  of 1,000 fathom s off coral islands th e  debris o f the  reefs begins to 
dim inish and  the  rem ains of pelag ic  organism s to  increase ; th e  deposit 
becomes m ore argillaceous, of a  redd ish  or rose color, and g radually  
passes in to  a  G lobigerina ooze or red  clay. Coral sands contain  m uch 
less am orphous m a tte r  th an  coral m uds, b u t in o ther respects they  are 
sim ilar, th e  sands being usually  found n ea re r th e  reefs and  in shallow er 
w ater th an  th e  m uds, except inside lagoons. In  some regions th e  re ­
m ains of calcareous algæ  predom inate, and  in those  cases the  nam e 
coralline m ud or sand is em ployed to  po in t ou t the  distinction.
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Sueli is a  rap id  view of th e  deposits found in th e  deeper w aters of 
tlie  litto ra l zones, w here th e  dóbris from th e  ne ighboring  land  p lays the  
m ost im po rtan t p a r t  in th e  form ation of m uds and  sands.

W hen, how ever, we pass beyond a d istance  of abou t 200 miles from 
land, w e find th a t  th e  d eposits  a re  characterized  by  th e  g rea t ab u n ­
dance of frag m en ta ry  volcanic m ateria ls which have usually  undergone 
g re a t a lte ra tion , and b y  th e  enorm ous abundance  of the  shells and 
skeletons of m inute  pelag ic  organism s which have fallen to the bottom  
from th e  surface w aters. T hese tru e  deep-sea deposits m ay be divided 
into those in w hich  the  organic elem ents predom inate , and  those in 
which th e  m ineral co n stitu en ts  p lay  the  ch ief p a rt. W e shall commence 
with th e  form er.

G l o b i g e r i n a  o o z e .—W e designate  b y  th is  nam e all those tru ly  
pelagic deposits con ta in ing  over 40 p e r cent, of carbona te  of lime, which 
consists p rinc ipally  of th e  dead shells of pelag ic Foraminifera, Globige­
rin a , Orbulina, Pulvinulina , Pullenia , Sphaeroidina, &c. In  some local­
ities th is  deposit contains 05 p e r cent, o f carbona te  of lime. The color 
is m ilky w hite, yellow, brow n, or rose, th e  varie ties  of color depending 
p rincipally  on th e  re la tiv e  abundance  in th e  deposit of th e  oxides 
of iron and m anganese. T his ooze is fine gra ined  ; in th e  trop ics some 
of the  F oram in ifera  shells are  m icroscopic. W hen  d ried  it  is pu lver­
u len t. A nalyses show  th a t  th e  sed im ent contains, in add ition  to  car­
bonate  of lime, p h osphate  and  su lpha te  o f lime, carbonate  or m agne­
sia, oxides of iron and  m anganese, and  arg illaceous m atters. The resi­
due is o f a  redd ish  brow n tinge. L ap illi, pum ice, and  glass}' fragm ents 
often a lte red  in to  palagonite , seem a lw ay s  to  be p resen t, and are  fre­
qu en tly  very  ab u n d an t. The m ineral p a r tic le s  a re  generally  angular, 
and  ra re ly  exceed 0.0Smm in d iam eter j m onoclinic and  tric lin ic  feld­
spars, augite , olivine, hornblende, an d  m ag n e tite  a re  th e  m ost frequent. 
W hen q u a rtz  is p resen t i t  is in th e  form of m inu te , rounded, probably  
w ind-borne g rains, often p a rtia lly  covered w ith  oxide of iron. More 
rare ly  we have w hite and  b lack  mica, bronzite , actino lite , chrom ite, 
glauconite, and  cosmic dust. Siliceous organism s are  p robably  never 
absent, som etim es form ing 20 p e r cent, of th e  deposit, a t  o ther tim es 
only recognizable a fte r  carefu l m icroscopic exam ination . In  some re ­
gions th e  fru stu les  o f D iatom s p redom inate , in o thers the  skeletons of 
llad io la rians.

The fine w ashings, viewed w ith  th e  m icroscope, are no t homogeneous. 
The g rea te r p a r t  consists o f arg illaceous m a tte r  colored by the oxides 
of m anganese. M ixed w ith  th is , we d is tingu ish  fragm ents of m inerals 
with a d iam eter less th an  0.05mm, and  m inu te  p a rtic le s  of pum ice can 
nearly  alw ays be detected . F rag m en ts  of E ad io larians, D iatom s, and 
siliceous spicules can alw ays be recognized, and  are  som etim es very 
abundan t.

F t e r o p o d  o o z e .—This deposit differs in  no w ay from a G lobige­
rina  ooze except in th e  presence of a  g rea te r  num ber and varie ty  of
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pelagic organism s, and  especially  in th e  presence of P teropod  and He- 
teropod shells, such as D iacria , A tlan ta , Styliola, Carinaria, &c. The 
shells of the more delicate species of pelagic Foram inifera and young shells 
are also more ab u n d an t in these deposits th an  in a G lobigerina ooze. 
I t  m ust be rem em bered th a t  the  nam e “ P teropod  ooze” is no t in tended  
to indicate th a t  the  deposit is cliielly composed of the shells o f these 
m ollusks, b u t as th e ir  presence in a deposit is characteristic  and  has an 
im portan t bearing  on geographical and  bathym etrica l d istrib u tio n , we 
th in k  it  desirab le  to em phasize the  presence of these shells in any g rea t 
abundance. I t  m ay here be po in ted  ou t th a t  th ere  is a  very  considera­
ble difference betw een a G lobigerina ooze or a P te ro p o d  ooze situa ted  
near continen tal shores and  deposits bearing  th e  sam e nam es s itu a ted  
tow ards the  centers of oceanic areas, both w ith respect to m ineral p a r ­
ticles and  rem ains of organism s.

D ia t o m  o o z e .—T his ooze is o f a  pale straw  color, and  is composed 
p rincipally  of the  fru stn les of D iatom s. W hen d ry  it  is a  d irty  w hite 
siliceous flour, soft to th e  touch, tak in g  the  im pression of th e  lingers, 
and contains g r itty  partic les which can be recognized by the  touch. I t  
contains on an average  abou t 25 p er cent, of carbonate  of lime, which 
ex ists in th e  deposit in th e  form of sm all G lobigerina shells, fragm ents 
of Echinbderm s and  o ther organism s. The residue is pale w hite and 
sligh tly  p la s tic ; m inerals and  fragm ents of rocks are in some cases 
ab u n d an t ; these are volcanic, or, m ore frequently , fragm ents and  m in­
erals coming from continental rocks and  tra n sp o rte d  by glaciers. The 
fine w ashings consist essen tially  of p ra tic les of D iatom s along  w ith  a r ­
gillaceous and  o ther am orphous m atte r. W cestim a te  th a t  th e  frustn les 
of D iatom s and  skeletons of siliceous organism s m ake up  more than  50 
per cent, of th is  deposit.

It a m o l a r í a n  o o z e .— I t  was s ta te d  w hen describ ing  a G lobigerina ooze 
th a t  E adio larians were seldom, if ever, com pletely absen t from m arine 
deposits. In  some regions th ey  m ake up  a  considerable portion  of a 
G lobigerina ooze, and  are also found in D iatom  ooze and in th e  te rrig e ­
nous deposits of the  deeper w ater su rround ing  th e  land . In  some 
regions of the  Pacific, how ever, th e  skeletons of these  organism s m ake 
up the p rincipal p a r t  of th e  deposits, and to these we have given the  
nam e u I lad io larian  ooze.” The color is redd ish  or deep brow n, due to 
the presence of the  oxides of iron and  m anganese. The m ineral p a r t i­
cles consist of fragm ents of pum ice, lapilli, and  volcanic m inerals, rare ly  
exceeding 0.07lun' in d iam eter. There is no t a  trace  of carbonate  of 
lime in th e  form of shells in some sam ples of E ad io la rian  ooze, b u t 
o ther specim ens contain 20 per cent, of carbonate  of lime, derived from 
the shells of pelagic Foram inifera. The clayey m a tte r and  m ineral 
partic les in th is ooze are  th e  sam e as those found in the  red clays, 
which we will now proceed to  describe.

E e d  c l a y .— O f  a ll th e  d eep -sea  d e p o s its  th is  is  one w hich  is  d is ­
tr ib u ted  over  tin 1, la r g e s t  areas o f  th e  m odern  o cea n s. I t  m ig h t b e  sa id
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th a t  i t  ex ists everyw here in  th e  abysm al reg ions of th e  ocean basins, 
for th e  residue in th e  organic deposits, which h as  been described under 
the nam e G lobigerina, Pteropod, and E ad io la rian  ooze, is no th ing  else 
th a n  th e  red  clay. H ow ever, th is  deposit only appears in its  ch a rac ter­
istic  form in those  areas w here th e  terrigenous m inerals and calcareous 
and  siliceous organism s d isap p ear to  a g re a te r  or less ex ten t from the  
bottom . I t  is in th e  cen tra l regions of th e  Pacific  th a t  we m eet w ith 
.the typ ica l exam ples. L ike o th e r m arine deposits th is  one passes lite r­
ally , accord ing  to position and dep th , in to  th e  ad jacen t k ind of deep- 
sea ooze or m ud.

The argillaceous m atte rs  are  of a  m ore or less deep brow n t in t  from 
the  presence of the  oxides of iron and  m anganese. In  th e  typical ex­
am ples no m ineralogical species can be d is tingu ished  by th e  naked  
eye, for th e  g ra ins are exceedingly  fine and  of n early  uniform  dim en­
sions, ra re ly  exceeding 0.05mm in d iam eter. I t  is p la stic  and g reasy  to 
the  touch ; w hen d ried  i t  coagu la tes in to  lum ps so coheren t th a t  con­
siderab le  force m u st be em ployed to b reak  them . I t  gives th e  b rillian t 
s treak  of clay, and  b reak s down in w ater. T he pyrognostie  properties 
show  th a t  we a re  no t dealing  w ith a  pu re  clay, for i t  fuses easily  before 
th e  blow-pipe in to  a m agnetic bead.

U nder the  term  “ red  c la y ” are  com prised th ree  deposits in which the 
ch arac ters  of clay are  no t well pronounced, b u t w hich are  m ainly  com­
posed of m inu te  p artic les o f pum ice and  o ther volcanic m ateria l which, 
ow ing to  th e ir  re la tiv e ly  recen t deposition, h av e  no t undergone g rea t 
a lte ra tio n s. I f  we calcu la te  th e  analyses of red clay, i t  will be seen, 
m oreover, th a t  the  s ilicate  o f a lum ina p re sen t as clay  (2 S i0 2, A l2 0 3 +  2 
H 20 )  com prises only a  re la tive ly  sm all portion  of th e  sed im en t; the cal­
cu lation  shows alw ays an excess of free silica, which is a ttr ib u te d  chiefly 
to the  presence of siliceous organism s.

Microscopic exam ination show s th a t a red  clay consists of argillaceous 
m atte r, m inute m ineral partic les, an d  fragm en ts of siliceous o rganism s; 
in a w ord, it  is in a ll respects identical w ith  th e  residue of th e  organic 
oozes. The m ineral partic les are, for th e  g re a te r  p a r t, of volcanic origin, 
excep t in those cases w here con tinen ta l m a tte rs  are  tran sp o rted  by 
floating ice, or where th e  sand  of deserts  has been carried  to g rea t d is­
tances by w inds. These volcanic m inerals are  the  sam e con stitu en t 
m inerals o f m odern eru p tiv e  rocks enum erated  in  th e  descrip tion of 
volcanic m uds and  sands. In  th e  g re a t m ajority  of cases th ey  a re  ac­
com panied by  fragm ents of lapilla , and  of pum ice m ore or less altered . 
V itreous volcanic m a tte rs  belonging  to th e  acid and basic series of rocks 
predom inate  in  th e  regions w here th e  red  clay has its  g rea te s t develop­
m ent, and  i t  will be seen p resen tly  th a t  th e  m ost charac teris tic  decom ­
positions which th e re  ta k e  p lace are  associated  w ith  pyroxenic lavas.

A ssociated  w ith th e  red  clay are  alm ost alw ays found concretions 
and  microscopic partic les o f th e  oxides of iron and m anganese, to which 
th e  deposit owes its  color. A gain , in th e  typ ica l exam ples of th e  de­
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posit zeolites in the  form of c rysta ls  an d  crystalline  spherules are p re s ­
ent. along w ith m etallic  globules and  silicates, which are  regarded  as 
of cosmic origin. C alcareous organism s are  so generally  absen t in the 
red clay th a t  they  cannot be reg a rd ed  as characteristic . W hen p resen t 
they  are chiefly the  shells of pelagic Foram inifera, and are  usually  m et 
w ith  in g re a t num bers in  th e  surface layers of th e  deposit, to which 
they  give a lig h te r color. On th e  o ther hand , th e  rem ains of D iatom s, 
E adio larians, and  Sponge-spicules are  genera lly  p resen t, and  are  some* 
tim es very  ab u n d an t. The ear-bones of various cetaceans, as well as 
the  rem ains of o th e r cetacean  bones, and  th e  te e th  of sharks, are, in 
some of th e  typ ical sam ples far rem oved from  the continents, exceed­
ingly abundan t, and are  often deeply  im pregnated  w ith or im bedded in 
th ick  coatings of oxides of iron and m anganese. The rem ains of these 
ve rteb ra tes  have seldom been d redged  in th e  organic oozes, and  still 
moro ra re ly  in th e  terrigenous deposits.

The fine w ashings, as exam ined w ith a pow er of 450 diam eters, are 
composed of an am orphous m atte r, fragm ents of m inerals, the  re ­
m ains of siliceous organism s, and  coloring substances. W h a t we call 
am orphous m a tte r  m ay be considered as properly  the  argillaceous m at­
ter, and  p resen ts ch a rac te rs  essen tia lly  vague. I t  appears as a  ge la t­
inous substance, w ithout definite contours, generally  colorless, perfectly  
isotropic, and  form s th e  base which ag g lu tin a tes  the  o ther partic les of 
the  w ashings. A s these physical p roperties are very indefinite, i t  is 
difficult to estim ate  even approx im ately  th e  q u an tity  p resen t in  a de­
posit. H ow ever, i t  augm ents in proportion  as the  deposit becomes 
more clayey, b u t we th in k  th a t only a sm all q u an tity  of th is  substance 
is necessary to give a clayey ch arac ter to a deposit. Irreg u la r f ra g ­
m ents of m inerals, sm all pieces of v itreous rocks, and  rem ains of sili­
ceous organism s predom inate in th is  fundam ental base. These p a r ti­
cles probably  mako up ab o u t 50 per cent, of the  whole m ass of the  fine 
w ashings, and  th is  largo percen tage  of foreign substances m ust neces­
sarily  m ask the  charac ter of th e  clayey m a tte r  in w hich they  a ie  
im bedded. The m ineral pa rtic le s  are  seldom larger th an  0.01ram in 
diam eter, b u t descend from th is  size to  th e  m erest points. I t  is im ­
possible, on account of th e ir  m inuteness, to  say to w hat m ineral species 
they  belong; th e ir  op tical reactions arc  insensible, the ir outlines too 
irregu lar, and  all special coloration has d isappeared. A ll th a t  can be 
reasonably  said is th a t  these m inute m ineral particles probably  belong 
to th e  same species as th e  la rg e r partic les in the  same deposit, such as 
feldspar, hornblende, m agnetite , &c. In  the  case of pum ice and sili­
ceous organism s the fragm ents can, ow ing to th e ir  s truc tu re , be recog­
nized when of a  much less size than  in th e  case of the  above m inerals.

I t  can be m ade out by m oans of the  m icroscope th a t  th e  coloring 
substances arc h y d ra ted  oxides of iron and  m anganese. The form er is 
sca tte red  th rough  th e  m ass in a s ta te  of very  fine division; in some 
Xioints, how ever, i t  is m ore localized, th e  argillaceous m a tte r here  a p ­
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pearing  w ith a brow ner tinge, b u t these spots are  noticed g radually  to 
d isappear in  th e  su rro u n d in g  m ass. T he coloration given by  th e  m an ­
ganese is m uch m ore d istinc t. There are sm all, rouuded . brow nish 
spots w ith a d iam eter o f less th an  0.01mln, w hich d isappear under the  
action of hydrochloric acid w ith  d isengagem ent of chlorine. These 
sm all rou n d  concretions, w hich are  probab ly  a  m ix tu re  of th e  oxides 
of iron and  m anganese, will be described w ith  m ore de ta il in  th e  C hal­
lenger report.

The following tab le  shows th e  nom enclature  we have adopted  :

T e r r i g e n o u s
D e p o s i t s .

Ç Shore form ations, 
B lue m ud,
G reen m ud and  sand, 
R ed  m ud,

Coral m ud an d  sand, 
Coralline m ud and  sand, 
Y olcanic m ud and  sand,

P e l a g i c  D e ­
p o s i t s .

Ç R ed clay,
I G lobigerina ooze, 

^ P te ropod  ooze,
I D iatom  ooze, 

Radiolaria!! ooze,

F ound  in in land  
I seas and along
j th e  shores of
3 continents.

} F o u n d  a b o u t  
oceanic islands 

}> and  along th e
shores of conti- 

3 nents.

1F o u n d  in  t h e  
abysm al regions 
of th e  ocean b a ­
sins.

G e o g r a p h i c a l  a n d  b a t h y m e t r i c a l  d i s t r i b u t i o n .—In th e  p re ­
ceding pages we have confined ou r rem ark s essen tia lly  to  th e  litliolog- 
ical n a tu re  of th e  deep-sea deposits, inc lud ing  in th is  term  th e  dead 
shells and skeletons of organism s. F rom  th is  p o in t of view i t  has been 
possible to define th e  sedim ents and  to  g ive th e m  d istinctive nam es. 
W e now proceed to consider th e ir  geographical and  bathym etrica l d is ­
tribu tion , and  th e  re la tions w hich ex ist betw een th e  m ineralogical and  
organic com position and  th e  d ifferent a reas of th e  ocean in which they  
are formed.

A  cursory  glance a t  th e  geograph ical d is trib u tio n  shows th a t  the  de­
posits w hich we have d esigna ted  m uds and  sands are  s itua ted , a t  various 
dep ths, a t  no g rea t d istance from  th e  land , while the  organic oozes and 
red  clays occupy th e  abysm al regions of th e  ocean basins far from land. 
L eaving ou t of view  th e  coral and  volcanic m uds and  sands w hich are 
found principally  a round  oceanic islands, we notice th a t  our b lue muds, 
green m uds and  sands, red  m uds, to g e th e r w ith all th e  coast and  shore 
form ations, are  situ a ted  along th e  m arg ins of the  continents and  in in ­
closed and  p a rtia lly  inclosed seas. The ch ief charac teristic  of these  de­
posits is th e  presence in them  of con tinen ta l débris. The blue m uds are 
found in all the  deeper p a rts  o f th e  regions ju s t  ind icated , and  especially 
near the  em bouchures of rivers. R ed m uds do no t differ m uch from 
blue m uds except in color, due to th e  presence of ferrug inous m a tte r in 
g rea t abundance, and  we find them  u n d er th e  sam e conditions as th e
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blue m uds. The green  m uds and  sands occupy, as a  ru le, portions of 
the coast w here d e tr ita l m a tte r  from  rivers is not, apparen tly , accum u­
la ting  a t  a  ra p id  ra te , viz, on such  p laces as th e  A nguillas B ank , off the 
east coast o f A u stra lia , off th e  coast of Spain , and  a t various points 
a long the  coast o f A m erica.

L e t us cast a  glance a t  th e  region occupied by terrigenous deposits, 
in which we include all tru ly  litto ra l form ations. This reg ion  ex tends 
from higli-w ater m ark  down, i t  m ay be, to a  dep th  of over 4 miles, and 
in a horizontal d irection  from GO to  perhaps 300 miles seaw ards, and  in­
cludes, in th e  view we tak e , all in lan d  seas, such as th e  F o r th  Sea, N or­
w egian Sea, M editerranean  Sea, Bed Sea, C hina Sea, Ja p a n  Sea, C arib­
bean Sea, and  m any  o thers. I t  is th e  region of change and  of varie ty  
w ith  respect to  lig h t, tem p era tu re , motion, an d  biological conditions. 
In  th e  surface w aters th e  tem p era tu re  ranges from 80° F . in  th e  tropics 
to 28° F . in th e  po lar regions. Below th e  surface down to  th e  nearly  
ice cold w a te r found a t  th e  low er lim its o f th e  region in  th e  deep sea 
th ere  is in th e  trop ics an  equally  g rea t ran g e  of tem pera tu re . P la n ts  
and anim als are  ab u n d an t n e a r th e  shore, and  anim als ex tend  in re la ­
tively  g rea t abundance  down to  th e  low er lim its o f th is  region, w hich is 
now covered w ith  these  te rrigenous deposits. T he specific g rav ity  of 
the  w ater varies m uch, ow ing to  m ix tu re  w ith  river w ater or g rea t local 
evaporation , and  th is  varia tion  in  its  tu rn  affects th e  fauna and  flora. In  
the  terrigenous reg ion  tides and  cu rren ts  produce th e ir  m axim um  ef­
fect, and these  influences can in  some in stances be traced  to a depth  of 
300 fathom s, or nearly  2,000 feet. The u p p er or continental m argin  of 
the  region is clearly  defined by  the  h igh-w ater m ark of th e  coast-line, 
which is constan tly  chang ing  th rough  b reak er action, elevation, and  
subsidence. The lower or abysm al m arg in  is less clearly m arked  out. 
I t  passes in  m osteases insensib ly  in to  th e  abysm al region, b u t m ay be 
regarded  as ending  w hen th e  m ineral partic les from th e  neighboring 
continents begin to  d isappear from the deposits, which th en  pass in to  
an  organic ooze or a  red  clay.

C on trast w ith these  those conditions w hich prevail in th e  abysm al 
region in  which occur th e  organic oozes and  red  clay, th e  d istribu tion  of 
which will p resen tly  be considered. T his area  com prises v as t u n d u la ting  
p lains from 2 to  5 m iles beneath  th e  surface of the  sea, th e  average  be­
ing  abou t 3 miles, here  and  th e re  in te rru p ted  by huge volcanic cones 
(the oceanic islands). F o  sun ligh t ever reaches these deep, cold trac ts . 
The range of tem p era tu re  over them  is no t more th an  7°, viz, from 31° 
to 38° F ., and  is ap p aren tly  co nstan t th ro u g h o u t the  whole year in each 
locality. P la n t  life is absen t, and, a lthough  anim als belonging to all 
th e  g rea t types are  present, th e re  is no g rea t varie ty  of form or abun­
dance of individuals. C hange of any  k ind  is exceedingly slow.

W h at is th e  d is tribu tion  of deposits in  th is  abysm al region of the  
earth ’s surface? In  th e  trop ical and  tem pera te  zones of th e  g rea t 
oceans, w hich occupy about 110° of la titu d e  betw een the  two polar



[19] ON DEEP-SEA DEPOSITS. 777

zones, a t  dep ths where the action of the waves is no t felt, and a t  points 
to  which tlie terrigenous m aterials do no t extend, th ere  are now form ­
ing v a s t accum ulations of G lobigerina and o ther P elag ic  Foram inifera, 
coccoliths, rhabdo liths, shells o f pelagic M ollusks, and rem ains of o ther 
organism s. These deposits may perhaps be called the sedim ents of me­
dian dep ths and  of w arm er zones, because they  dim inish in g rea t dep ths 
and  ten d  to  d isappear tow ards the poles. This fac t is evidently  in 
re la tion  w ith th e  surface tem p era tu re  of th e  ocean, and  shows th a t 
pelagic F oram in ifera  and  M ollusks live in th e  superficial w aters of the 
sea, w hence th e ir  dead  shells fall into th e  bottom . G lobigerina ooze 
is no t found in inclosed seas nor in po la r la titu d es. In  the  sou th ­
ern hem isphere i t  has no t been m et w ith beyond the fiftieth parallel. 
In  th e  A tlan tic  i t  is deposited upon th e  bottom  a t  a very high la t i­
tu d e  below th e  warm  w aters o f the  G ulf S tream , and is no t observed 
under th e  cold descending  po lar cu rren t which ru n s  south  in th e  same 
la titu d e . These facts are  read ily  exp la ined  if  we adm it th a t th is  ooze 
is form ed chiefly by the  shells o f surface organism s which req u ire  an 
elevated  tem pera tu re  and  a  wide expanse of sea. B u t as long as th e  
conditions of th e  surface are  th e  sam e we w ould expect the  deposits a t  
the  bottom  also to  rem ain the  sam e. In  show ing th a t  sueli is no t the  
case we arc  led  to tak e  in to  account an  a g e n t which is in d irect correla­
tion with the  dep th . W e m ay reg a rd  it as estab lished  th a t th e  m ajority  
of the  calcareous organism s w hich m ako up the  G lobigerina and  P te ro ­
pod oozes live in th e  surface w aters, and  we m ay also take  for g ran ted  
th a t th e re  is alw ays a specific id en tity  betw een th e  calcareous organism s 
which live a t  the  surface and  th e  shells of these pelagic crea tu res found 
a t th e  bottom . T his observation  will p e rm it us to place in relation the 
organic deposits and  those which a re  d irec tly  or ind irec tly  th e  re su lt of 
the chem ical a c tiv ity  of th e  ocean. G lob igerina  ooze is found in the 
trop ical zone a t  d ep th s  w hich do no t exceed 2,400 fathom s, b u t when 
d ep th s  of 3,000 fathom s are  explored in th is  zone of th e  A tlan tic  and 
Pacific there  is found an  argillaceous deposit w ithout, in m any instances, 
any trace  of calcareous organism s. W hen  we descend from the “ su b ­
m arine p la te a u s ” to d ep th s  w hich exceed 2,250 fathom s the G lobigerina 
ooze g rad u a lly  d isappears, passing  in to  a  gray ish  m arl, and  finally is 
w holly replaced by an argillaceous m ateria l, which covers the  bottom  a t 
all d ep ths g rea te r th an  2,900 fathom s.

The tran sitio n  betw een the calcareous form ations and  the argillaceous 
ones tak es  p lace by  alm ost insensible degrees. The th in n er and  more 
delicate shells d isappear first. The th ick e r and  la rg e r shells lose little  
by little  th e  sharpness of the ir contour and ap p ea r to  undergo a  p ro ­
found altera tion . T hey assum e a  brow nish  color, and  break  up in p ro ­
portion as th e  calcareous con stitu en t d isappears. The red  clay predom i­
nates more and  moro as the  calcareous clem ent dim inishes in th e  de­
posit.
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I f  we now recollect th a t  the  m ost im p o rtan t elem ents of th e  organic 
deposits havo descended from the  superficial w aters, and th a t  th e  v a ri­
a tions in  contour of thebo ttom  of th e s e a  cannot of them selves preven t 
the débris of anim als and  p lan ts  from accum ulating  upon th e  bottom , 
th e ir absence in th e  red clay areas can only be explained by a decom ­
position under the  action  of a  cause which we m ust seek to  discover.

P te ro p o d  ooze, it  will be rem em bered, is a  calcareous organic deposit, 
in which th e  rem ains of P teropods an d  o th e r pelagic M ollusca are  p res­
ent, though th ey  do not alw ays form a  p rep o n d era tin g  constituen t, and 
it  has been found th a t  th e ir  presence is in correlation w ith th e  batliy- 
inctrical d istribu tion .

In  stu d y in g  th e  n a tu re  of th e  calcareous elem ents which are  deposited 
in the pelag ic  areas i t  has been noticed th a t, like th e  shells q f th e  F o ­
ram inifera, those of tlieT hecosom atous P teropoda, which live everyw here 
in th e  superficial w aters, especially in th e  tropics, become fewer in num ­
ber as th e  dep th  from w hich th e  sedim ents are  derived increases. W e 
have ju s t  observed th a t  th e  shells o f Foram inifera  d isappear g radually  as 
we descend along a  series of soundings from  a  po in t w here the  G lobi­
gerina ooze has abundance of carbonate  o f lime tow ards deeper regions; 
b u t we notice also th a t  w hen th e  sounding-rod b rings up  a  g radua ted  
series of sedim ents from a declivity  descending in to  deep w ater, am ong 
the calcareous shells, those of th e  P teropods and  Ile te ropods d isappear 
first in proportion  as th e  d ep th  increases. A t d ep ths less th an  1,400 
fathom s in the  trop ics a  P te ro p o d  ooze is found w ith ab u n d an t rem ains 
of H eteropods and P te ro p o d s; deeper soundiugs then  give a G lobigerina 
ooze w ithout these m ollusean rem ains; and  in th e  still g rea te r dep ths, 
as before m entioned, th e re  is a  red clay in w hich calcareous organism s 
are  nearly  if not qu ite  absen t.

In  th is  m anner, then , i t  is shown th a t  the  rem ains of calcareous o r­
ganism s a re  com pletely elim inated  in th e  g rea te s t d ep ths of the  ocean. 
For if  such be no t th e  case w hy do we find all these shells a t  th e  
bottom  of th e  shallow er d ep th s  and  no t a t  a ll in th e  g re a te r  dep ths, 
a lthough  th ey  are  equally  ab u n d an t on the  surface a t  both  places? 
T here is reason to th in k  th a t  th is  solution of calcareous shells is due 
to  th e  presence of carbonic acid th ro u g h o u t all dep ths of ocean w ater. 
I t  is well know n th a t  th is  substance dissolved in w ater is an energetic 
so lvent of calcareous m atter. The investiga tions of B uchanan and 
D ittm ar have  shown th a t  carbonic acid ex ists in  a  free s ta te  in sea 
w ater, and, in the  second place, D ittm ar’s analyses show th a t  deep-sea 
w ater contains more lim e than  surface w ater. This is a confirmation 
of the  theory  w hich reg a rd s carbonic acid as th e  ag en t concerned in 
th e  to ta l or p a rtia l solution of the surface shells before or im m ediately 
after th ey  reach the  bottom  of the ocean, and  is likew ise in relation 
w ith  the  fac t th a t  in h igh la titu d es, where fewer calcareous organism s 
are  found a t  th e  surface, th e ir  rem ains are  rem oved a t  lesser depths 
th an  whero these organism s are in g rea te r abundance. I t  is not iin-
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probable th a t  sea w ater itse lf may have some effect in the solution of 
carbonate of lime, and, fu rther, th a t  th e  im m ense pressure to which 
w ater is subjected in g rea t dep ths may have an influence on its  chem ­
ical activ ity . W e aw ait the  re su lt of fu rth e r researches on th is point, 
which have been undertaken  in connection w ith the  C hallenger reports.

W e arc  aw are th a t  objections have been raised to the explanation  
here advanced  on account of the a lk a lin ity  of sea w ater, b u t we m ay 
rem ark  th a t a lkalin ity  p resen ts no difficulty which need be here consid­
ered (D ittm ar, “ P hys. Cheni. Chaii. E x p .,” p a r t  1, 1834).

This in te rp re ta tio n  perm its us to explain  how the  rem ains of D iatom s 
and Itad io larians (surface organism s like the  Foram inifera) are found in 
g re a te r  abundance  in th e  red clay th an  in a G lobigerina ooze. The 
action w hich suffices to d issolve the calcareous m atte r lias little  or no 
effect upon the silica, and  so the  siliceous shells accum ulate. N or is 
th is  view of the  ease  opposed to th e  d istribu tion  of th e  P te ro p o d  ooze. 
A t first we should expect th a t  the  Foram inifera shells, being sm aller, 
w ould d isappear from a deposit before the  P teropod  shells ; b u t if  we 
rem em ber th a t  th e  la t te r  arc very  th in  and delicate, and , for th e  q u an ­
tity  of ca rbonate  of lime p resen t, offer a la rg e r surface to th e  action of 
the so lven t th an  th e  th icker, though sm aller, G lobigerina shells, we shall 
see the explanation  of th is  ap p aren t anom aly.

I t  rem ains now to po in t ou t the  area  occupied by  the red  clay. W e 
have seen how i t  passes a t  its  m argins in to  organic calcareous oozes, 
found in the  lesser d ep ths of the  abysm al regions, or in to  th e  siliceous 
organic oozes or te rrigenous deposits. In  its  typ ical form th e  red  clay 
occupies a la rg e r a rea  than  any of the  o ther tru e  deep-sea deposits, cov­
ering the  bottom  in v as t regions of the  N orth  and  South Pacific, A tlan tic , 
and  Ind ian  Oceans. A s above rem arked , th is  clay m ay he said to be 
universally  d is trib u ted  over the floor of th e  oceanic basins, b u t it  only 
appears as a  tru e  deposit a t  po in ts  w here th e  siliceous and calcareous 
organism s do no t conceal its  p roper characters.

H av in g  now indicated  its  d is tribu tion , we m ust consider th e  mode of 
its  form ation, and  give, in addition, a concise description of the  m iner­
als and of the  organic rem ains which are  commonly associated with it. 
The orig in  of these v a s t deposits of clay is a  problem  of the  h ighest 
in te rest. I t  was a t  first supposed th a t these sedim ents were composed 
of microscopic partic les  arising  from th e  d isin teg ra tion  of the  rocks 
by th e  rivers and  by th e  w aves on the  coasts. I t  w as believed th a t  
th e  m atte rs  he ld  in suspension were carried  far and  wide by curren ts, 
and g radua lly  fell to the  bottom  of the  sea. B u t the uniform ity  of com ­
position presen ted  by these deposits was a g rea t objection to th is  view. 
I t  could be shown, as we have m entioned above, th a t  m ineral particles, 
even of the  sm allest dim ensions, continually  set ad rift upon d istu rbed  
w aters, m ust, owing to a p ro p erty  of sea w ater, even tually  be p re ­
c ip ita ted  a t  no g rea t d istance  from land . I t  has also been supposed
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th a t  these argillaceous deposits owe th e ir  origin to  th e  inorganic residue 
of th e  calcareous shells which a re  dissolved aw ay in  deep w ater, h u t 
th is  view has 110 foundation in fact. E v ery th in g  seems to show th a t  
th e  form ation of th e  clay is due to  tho  decom position of fragm en t­
ary  volcanic p roducts, whose presence can  be detec ted  over th e  whole 
floor of th e  ocean.

These volcanic m aterials are  derived from floating pum ice and  vol­
canic ashes, ejected to  g rea t d istances by  te rre s tr ia l volcanoes and  ca r­
ried  fa r by th e  w inds. I t  is also know n th a t  beds of lav a  and of tu fa  are 
la id  down upon th e  bottom  of th e  sea. T his assem blage of pyrogenie 
rocks, rich  in  alum inous silicates, decom poses under th e  chem ical action 
of th e  w ater, and  gives rise  in tho  sam e w ay as do te rre s tria l volcanic 
rocks to argillaceous m atte rs , according to  reactions we can alw ays 
observe on the surface of th e  globe, and  w hich are  too well know n 
to need special m ention here. t

The detailed  m icroscopic exam ination  of hundreds of soundings has 
shown th a t  we can alw ays dem onstrate  in  tho argillaceous m atte r the  
presence of pum ice, of lapilli, of silicates, and  o ther volcanic m inerals 
in various stages of decomposition.

A s we have shown in ano ther paper,*  the  deposit m ost widely d is ­
tr ib u ted  over th e  bed  of m odern seas is dne to  th e  decom position of 
th e  p roducts of th e  in te rn a l ac tiv ity  of th e  g lobe; and th e  final resu lt 
o f tho chem ical action  of sea w ater is seen in th e  form ation of th is  
arg illaceous m atte r, which is found everyw here in deep-sea deposits, 
som etim es concealed by th e  abundance of siliceous or calcareous o rgan ­
isms, som etim es appearing  w ith its  own p roper characteristics asso­
ciated w ith  m ineral substances, some of which allow us to appreciate  
the  extrem e slowness of its  form ation, or whoso presence corroborates 
the theory  advanced  to explain  its  origin.

In  the  places whero th is  red  clay a tta in s  its  m ost typical developm ent 
we m ay follow, step  by  step , th e  transfo rm ation  of the  volcanic frag ­
m ents in to  argillaceous m atte r. I t  may be said  to  be the  d irec t p ro d ­
uct of th e  decom position of th e  basic  rocks, represen ted  by  volcanic 
glasses, sueli as hyalom elan and  tachy lite . This decom position, in sp ite  
of th e  tem pera tu re  approx im ating  to zero (32° E.), gives rise, as an u l­
tim a te  product, to clearly  crystallized m inerals, which m ay be consid­
ered th e  m ost rem arkable  products of th e  chemical action of th e  sea 
upon th e  volcanic m a tte rs  undergoing  decomposition. These m icro­
scopic crysta ls are  zeolites ly ing  free in  th e  deposit, and  are  m et w itli 
in g rea tes t abundance in the  typical red-clay areas of th e  C entral Pacific. 
They are  simple, tw inned, or spheroidal groups, which scarcely exceed 
h a lf a  m illim eter in  diam eter. The crysta llograph ic  and chemical s tudy  
of them  shows th a t  th ey  m ust be referred  to christianii« . I t  is known 
how easily  tho zeolites crystallize in the  pores of eruptive rocks in p ro ­
cess of decom position ; and  the crystals of ch ris tian ae , which we ob-

“ On Cosmic anil Volcanic D ust,” Proc, Roy. Soc. Etliu., ÏÖSS-’SI.
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servo in considerable quan tities  in the  clay of th e  cen ter of th e  Pacific, 
have been form ed a t th e  expense o f the  decom posing volcanic m atters  
sp read  o u t upon th e  bed of th a t  ocean.

In  connection w ith  th is  form ation o f zeolites reference may be m ade 
to a chem ical process whose principal sea t is th e  red-elay areas, and 
which gives rise  to nodules of m angauiferous iron. T his substance is 
alm ost un iversally  d is trib u ted  in oceanic sed im en ts; y e t it  is no t so 
m uch of the  areas of i ts  abundance th a t  we in ten d  to speak  as to the 
fac t of its  occurrence in the red  clay, because th is  association ten d s to 
show  a common relation  of origin. I t  is 'ex ac tly  in those regions w here 
th e re  is an  accum ulation of pyroxenie lavas in decom position, co n ta in ­
ing silicates w ith a base of m anganese and  iron, such, for exam ple, as 
aug ite , hornblende, olivine, m agnetite , and  basic glasses, th a t  m anganese 
nodules occur in g rea te s t num bers. In  th e  regions w here th e  sedim en­
ta ry  action, m echanical and  organic, as it  were, suspended, and  where, 
as will ap p ea r in th e  sequel, ev e ry th in g  show s an  extrem e slow ness of 
deposition, in these  calm w aters, favorab le  to  chem ical reactions, ferro- 
m anganiferous substances form concretions around  organic and  inor­
ganic centers.

These concentrations of ferric and  m anganic oxides, m ixed w ith a r­
gillaceous m ateria ls  whose form and  dim ensions a re  ex trem ely  v a ria ­
ble, belong genera lly  to  th e  e a rth y  varie ty  or wad, b u t  pass som etim es, 
though  rarely , in to  varie ties  of h y d ra ted  oxide of m anganese, w ith d is­
tin c t indications of rad ia lly  fibrous c ry sta lliza tio n . The in te rp re ta tio n  
to  w hich we a re  led in order to  exp la in  th is  form ation  of m anganese 
nodules is th e  sam e as th a t  which is ad m itted  in explanation  of th e  
form ation of coatings of th is  m aterial on th e  surface of te rrestria l rocks. 
These sa lts  of m anganese and  iron, dissolved in w a te r by carbonic 
acid, then  p rec ip ita ted  in th e  form of carbona te  of p rotoxide of iron 
and  m anganese, become oxidized, and  give rise in th e  calm and  deep 
oceanic reg ions to  m ore or less pu re  ferro-m anganiferous concretions. 
A t th e  sam e tim e i t  m ust be ad m itted  th a t  rivers  m ay b rin g  to th e  
ocean a contribu tion  of th ese  sam e substances.

A m ong th e  bodies which, in  certa in  regions w here red  clay p redom i­
nates, serve as cen ters for these m anganiferous nodules, are th e  rem ains 
ot verteb ra tes . These rem ains are  th e  h a rd e s t p a r ts  of tho  skeleton— 
tym panic bones of whales, beaks of Z iphius, tee th  of sharks ; and ju s t  
as th e  calcareous shells are  elim inated  in „the dep ths, so all the  rem ains 
of the  la rg e r v e rteb ra te s  are  ab sen t excep t th e  m ost re s is ta n t portions. 
These bones often serve as a  cen te r for th e  m anganese-iron concretions, 
being frequen tly  su rrounded  by layers several cen tim eters in th ickness. 
In th e  sam e dredg ings in  tho  red-elay  areas some sh a rk s’ tee th  and  
cetacean ear-bones, some of which belong to ex tinc t species, are  su r­
rounded  w ith  th ick  layers of th e  m anganese, and  o th ers  w ith m erely a 
sligh t coating. W e will m ake use of these  fac ts  to establish  th e  conclu­
sions which term in a te  th is  paper.
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In  these red clays th ere  oceur, in  addition , th e  g rea test num ber of 
cosmic m etallic spherules, or chondres, th e  n a tu re  and  ch arac ter of 
which we have pointed  ou t elsew here. W e m erely inu ieate  th e ir  p res­
ence here, as we will support our conclusions by  a  reference to  th e ir 
d istribu tion .

E eriew ing , then , th e  d is tribu tion  of oeeanie deposits, we m ay sum ­
m arize th u s  :

(1) The terrigenous deposits—th e  blue m uds, green m uds and  sands, 
red m uds, volcanic m uds and  sands, coral m uds and  sands—are m et w ith 
in those regions of th e  o c e a n 'n e a re s t to  land . W ith  th e  exception of 
the  volcanic m uds and  sands and  coral m uds an d  sands around oceanic 
islands, these deposits are  found only ly ing  along th e  borders of con­
tin en ts  and  con tinen ta l is lands and  in  inclosed and  partia lly  inclosed 
seas.

(2) T he organic oozes and red  clay are confined to  the  abysm al re. 
gions of the  ocean basins. A  P te ro p o d  ooze is m et with in tropical and 
subtrop ical regions in d ep th s  less th a n  1,500 fathom s, a  G lobigerina 
ooze in th e  sam e reg ions betw een th e  d ep th s  of 500 and 2,800 fathom s, 
a E adio larian  ooze in th e  cen tra l portions of the  Pacific a t  dep ths g rea te r 
th an  2,500 fathom s, a  D iatom  ooze in  th e  Sou thern  Ocean south  of the  
la titu d e  of 45° south , a  red  clay anyw here w ith in  th e  la titu d es of 45° 
north  and south  a t d ep th s g rea te r  th a n  2,200 fathom s.

C o n c l u s io n s .—A ll th e  facts and  deta ils enum erated  in th e  foregoing 
pages po in t to ce rta in  conclusions which are  of considerable geological 
in terest, and  which ap p ea r to be w arran ted  by  th e  p resen t s ta te  of our 
investigations.

W e have said th a t  th e  débris carried  aw ay from th e  land  accum ulates 
a t  the  bottom  of the  sea before reach ing  th e  abysm al regions of th e  
ocean. I t  is only in exceptional cases th a t  th e  finest terrigenous m ateri­
als are tran sp o rted  several hun d red  miles from th e  shores. In  plaee of 
layers form ed of pebbles and  c lastic  elem ents w ith  g rains of considerable 
dim ensions, which p lay  so large  a p a r t  in th e  com position of em erged 
lands, th e  g rea t areas of the  ocean basins are  covered by the  microscopic 
rem ains of pelagic organism s, or by th e  deposits com ing from the a lte r­
ation  of volcanic products. T he d istinc tive  elem ents th a t  ap p ear in th e  
riv er and  coast sedim ents are, p roperly  speaking , w an ting  in th e  g rea t 
dep ths far d is ta n t from th e  coasts. To such a  degree is th is  th e  case 
th a t  in a  g re a t num ber of soundings, from th e  cen ter of th e  Pacific, for 
exam ple, we have n o t been able to  d istingu ish  m ineral partic les on 
which the  m eehanieal aetiou of w ater h ad  le ft its  im prin t, and  quartz  
is so ra re  th a t i t  m ay be said  to  be absen t. I t  is sufficient to indicate 
these fac ts  in o rder to  m ake ap p a ren t th e  profound differences which 
separa te  the  deposits o f th e  abysm al areas of th e  ocean basins from 
the  series of rocks in  th e  geological form ations. A s regards the  vast 
deposits of red  clay, w ith  its  m anganese concretions, its  zeolites, cosmic 
dust, and rem ains of verteb ra tes , and  th e  organic oozes which are
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spread  ou t over the bed of the  C en tral Pacific, A tlan tic , and  Indian 
O ceans, have they  th e ir  analogues in th e  geological scries of ro ck s“? 
I f  it  be proved th a t  in the  sed im entary  s tra ta  tbe pelagic sedim ents are  
no t represen ted , it follows th a t  deep and  ex tended  oceans like those of 
th e  p resen t day  canno t form erly hav e  occupied th e  areas of th e  p re s ­
ent, con tinen ts, and, as a  corollary, th e  g rea t lines of th e  ocean basins 
and  con tinen ts  m ust have  been  m arked  ou t from th e  ea rlie s t geolog­
ical ages. W e th u s g e t a  new  confirm ation of th e  opinion of the  p e r­
m anence of th e  con tinen ta l areas.

B u t, w ithou t a ssertin g  in a  positive m anner th a t  th e  te rrestria l areas 
and th e  areas covered by the  w aters o f th e  g re a t ocean basins have 
had th e ir main lines m arked  ou t since th e  com m encem ent of geological 
h istory , i t  is, neverthe less, a  fact, p roved  by  th e  evidence derived from 
a s tu d y  of the  pelag ic  sedim ents, th a t  these  areas have  a g rea t a n tiq ­
uity. The accum ulation o f sh a rk s ’ tee th , o f th e  ear-bones of cetaceans, 
of m anganese concretions, of zeolites, of volcanic m aterial in an ad ­
vanced s ta te  of decom position, and  of cosmic d u s t, a t  points fa r re ­
moved from th e  con tinen ts , tend  to p ro v e  th is . T here is no reason for 
supposing th a t  the p a r ts  of the  ocean w here these v e rte b ra te  reiufiins 
are found are  more frequen ted  by  sh a rk s  or cetaceans th an  o th er re ­
gions w here they  are  never or only  ra re ly  d redged  from  the  deposits 
at. the  bottom . W hen  we rem em ber, also, th a t  these ear-bones, tee th  of 
sharks, and  volcanic fragm en ts are  som etim es incrusted  Avith tw o cen­
tim eters of m anganese oxide, Avbile o thers have  a  m ere coating, and 
th a t some of th e  bones and tee th  belong to  e x tin c t species, we m ay 
conclude w ith g re a t ce rta in ty  th a t  the  clays of these oceanic basins 
have accum ulated  w ith extrem e slowness. I t  is indeed alm ost beyond 
question th a t  the  red-clay regions of th e  C en tral Pacific contain  accu­
m ulations belonging to geological ages d ifferent from  our own. The 
g rea t an tiq u ity  of these  form ations is likew ise confirmed in a s trik in g  
m anner by th e  presence of cosmic fragm ents, th e  n a tu re  of which we 
haAre described (“ On Cosmic and  V olcanic D u s t,” P roc .K oy .S oc .E d in .). 
In  order to account for th e  accum ulation  o f all th e  substances in such 
rela tive ly  g rea t abundance in  th e  a reas  Avliere th ey  Avere d redged , it 
is necessary  to  suppose th e  oceanic b asin s to  have  rem ained the  same 
for a  ATas t period of time.

The sh a rk s’ tee th , ear-bones, m anganese nodules, a lte red  volcanic 
fragm ents, zeolites, and  cosmic dust, are  m et w ith in g rea test abundance 
in th e  red  clays of th e  C en tra l Pacific, a t  th a t  p o in t on the  e a rth ’s su r­
face fa rth e s t rem o\Ted from continen ta l land . T hey are  less a b u n d an t 
in the R adio lariau  ooze, a re  ra re  in th e  G lobigerina, D iatom , and  P te ro ­
pod oozes, and they  have been d redged  only in a  few instances in the  
terrigenous deposits close to th e  shore. T hese substances are  p resen t 
in all the  deposits, b u t, owing to the  abundance of o ther m a tte rs  in the  
more rap id ly  form ing deposits, th e ir  presence is m asked, and  the  chance 
of d redg ing  them  is reduced. W e m ay then  regard  th e  g rea te r  or less
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abundance of these  m aterials, which a re  so characteristic  of a  tru e  red  
clay, as being a m easure of th e  re la tive  ra te  of accum ulation of the  m a­
rine sedim ents in which th ey  lie. The terrigenous deposits accum ulate 
m ost rap id ly  ; then  follow in order P te ro p o d  ooze, G lobigerina ooze, 
D iatom  ooze, Iiad io larian  ooze, and, slow est o f all, red clay.

From  th e  d a ta  now advanced  i t  appears possib le to deduce o ther 
conclusions im p o rtan t from  a geological po in t of view. In  the  deposits 
due essentially  to the  action of the ocean we are a t  once s tru ck  by the  
g rea t varie ty  of sedim ents which m ay accum ulate in regions w here the  
ex ternal conditions are  a lm ost identical. A gain , m arine fannas and 
floras, a t  least those of th e  surface, differ g rea tly , both w ith  respect to 
species and  to re la tiv e  abundance of ind iv iduals, in different regions of 
th e  ocean ; and  as th e ir  rem ains determ ine th e  charac ter o f th e  deposit 
in m any instances, i t  is leg itim ate  to  conclude th a t the occurrence of 
organism s of a  d ifferent n a tu re  in  several beds is no t an argum ent 
ag a in st the  synchronism  o f th e  layers w hich contain them .

The sm all ex ten t occupied by litto ra l form ations, especially those of 
an arenaceous n a tu re , show n by  our investiga tions, and th e  re latively  
slow ra te  a t  w hich such deposits a re  form ed along a s tab le  coast, are 
m atters  of im portance.

In  th e  p resen t s ta te  of th in g s  th e re  does n o t ap p ear to  be any th in g  
to account for the enorm ous th ickness of th e  clastic sedim ents m aking 
np certa in  geological form ations, un less we consider th e  exceptional 
cases of erosion which are  b ro u g h t in to  p lay  when a coast is undergoing 
constan t elevation or subsidence.

G rea t m ovem ents of th e  lan d  are  doub tless necessary  for th e  form a­
tion of th ick  beds of tran sp o rted  m a tte r  like sandstones and conglom ­
erates.

In  th is connection nmy be noted th e  fac t th a t  in certa in  regions of the 
deep sea 110 appreciab le  form ation is now ta k in g  place ; hence the a b ­
sence in th e  sed im entary  series of a  layer rep resen tin g  a definite hori­
zon m ust no t alw ays be in te rp re ted  as proof e ither of the em ergence of 
th e  bottom  of the  sea d u rin g  th e  corresponding period or of an u lterior 
erosion. A renaceous form ations of g rea t th ickness require seas of no 
g rea t ex ten t and  coasts sub jec t to frequen t oscillations, which perm it 
th e  shores to advance and retire . A long  these, th rough  all periods of 
th e  e a rth ’s h isto ry , th e  g rea t m arine sed im entary  phenom ena have 
taken  iii ace.

The continen tal geological form ations, when com pared w ith m arine 
deposits of m odern seas and  oceans, p resen t 110 analogues to the  red  
clays, Iiad io larian , G lobigerina, P teropod , and D iatom  oozes. On the 
o ther hand , th e  terrigenous deposits of our lakes, shallow  seas, in ­
closed seas, and  th e  shores of th e  con tinen ts reveal the  equivalen ts of 
our chalks, green sands, sandstones, conglom erates, shales, m arls, and 
o ther sed im entary  form ations. Sueli form ation as certain  T ertia ry  de­
posits o f Ita ly , Iiadiolarian  earth  from P arbadoes, and portions of tho
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chalk  w here P elag ic  conditions are  ind icated  m u st be regarded  as h a v ­
ing  been  la id  down ra th e r  a long th e  border of a  con tinen t th an  in a 
tru e  oceanic area. On th e  o ther hand , th e  argillaceous and  calcareous 
rocks recen tly  discovered by  D r. G uppy in  th e  up ra ised  coral islands in 
th e  Solomon group  are n early  iden tical w ith  th e  P teropod  and  G lobi­
gerina  oozes of th e  Pacific.

1 legions s itu a ted  sim ilarly  to inclosed an d  shallow  seas and th e  b o r­
ders o f th e  p resen t con tinen ts appear to  have been, th ro ughou t all geo­
logical ages, th e  th ea te r of th e  g re a te s t and  m ost rem arkab le  changes ; 
in short, all, or nearly  all, th e  sed im entary  rocks o f th e  con tinen ts w ould 
seem to  have been b u ilt up  in areas lik e  those now occupied by th e  te r ­
rigenous deposits, which we m ay designa te  the transitional or critical 
area o f  the earth's surface. This a rea  occupies, we estim ate , abo u t two- 
eigh tbs of the  e a r th ’s surface, w hile th e  con tinen ta l and  abysm al areas 
occupy each ab o u t th ree-e igh ths.

D u rin g  each era  of th e  e a r th ’s h isto ry  th e  bo rders of some lands have 
sunk  b en ea th  th e  sea and  been covered b y  m arine sedim ents, while in 
o ther p a r ts  th e  terrigenous deposits have been elevated  in to  d ry  land , 
and have carried  w ith them  a  record  of th e  organism s w hich flourished 
in th e  sea of th e  tim e. In  th is  tran sitio n a l a rea  th e re  h as  been th ro u g h ­
ou t a con tinu ity  of geological and  biological phenom ena.

Prom  these  considerations i t  will be ev iden t th a t  th e  ch a rac ter o f a 
deposit is determ ined  m uch m ore by  d istance  from  th e  shore of a  conti­
nen t th an  by  ac tua l dep th , and  th e  sam e w ould ap p ea r to  be th e  case 
w ith respect to  th e  fauna sp read  over th e  floor of th e  p resen t oceans. 
D redg ings n ear th e  shores o f continen ts, in  d ep th s  of 1,000, 2,000, or 
3,000 fathom s, are m ore p roductive  b o th  in  species and  ind iv iduals th an  
d redg ings a t  sim ilar d ep th s  several h u n d red  m iles seaw ards. A gain , 
am ong th e  few species d redged  in  th e  abysm al areas fu rth e s t rem oved 
from lau d  the m ajority  show archaic  ch aracters , or belong to  groups 
which have a w ide d is trib u tio n  in time as well as over th e  floor of the  
p resen t oceans. Such are th e  H exactinellida, B rachiopoda, S talked  
C riuoids, and  o th e r Echinoderm s, &c.

A s a lread y  m entioned, th e  tran sitio n a l a rea  is th a t  which now shows 
th e  g rea te s t v a rie ty  in respect to  biological and  physical conditions, 
and  in p a s t tim e it  has been subject to  th e  m ost freq u en t and th e  g re a t­
est am ount of change. T he anim als now liv ing  in th is  area  m ay be 
regarded  as th e  g rea tly  m odified descendan ts o f those which have lived 
in sim ilar regions in p a s t geological ages, and  some of whose ancestors 
have been p reserved  in  th e  sed im entary  rocks as fossils. On th e  o ther 
hand , m any of th e  anim als d redged  in th e  abysm al regions a re  m ost 
p robab ly  also the  descendants of anim als which lived in  th e  shallow er 
w ater of form er geological periods, b u t descended in to  deep w ater to 
escape th e  severe s trugg le  for existence, w hich m u st alw ays have ob­
ta ined  in  those dep ths affected by  ligh t, h ea t, motioD, and  o ther condi­
tions. H av in g  found existence possible in the less favorable and  deeper 
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w ater, th ey  m ay be regarded  as hav ing  slowly sp read  them selves over 
th e  iloor of the ocean, b u t w ithou t undergoing  g rea t m odifications, owing 
to th e  extrem e uniform ity of the  conditions and  th e  absence of com peti­
tion.. O r we m ay suppose th a t  in th e  depressions which have taken  
place n ear coasts some Species have been gradually  carried  down to 
deep w ater, have accom m odated them selves to  the new conditions, and 
have g radua lly  m igrated  to  th e  regions far from land . A  few species 
m ay th u s  have m igra ted  to  th e  deep sea d u ring  each geological period. 
In th is  way th e  orig in  and  d istribu tion  of th e  deep-sea fauna in the  
p resen t oceans m ay in some m easure be explained. In  like m anner 
th e  pelagic Ruma and  fiora of th e  ocean are m ost probably  derived orig i­
nally  from th e  shore and  shallow  w ater. D u ring  each period of the 
e a r th ’s h isto ry  a few anim als and  p la n ts  have been carried  to sea, and 
have u ltim ate ly  adop ted  a pelagic mode of life.

W ith o u t in sis tin g  strong ly  on th e  correctness of some of these deduc­
tions and  conclusions, we p re sen t them  for th e  consideration of n a tu ra l­
is ts  an d  geologists as th e  re su lt o f a  long, careful, b u t  as y e t incom plete 
investigation.


