XXIIL.—ON THE NOMENCLATURE, ORIGIN, AND DISTRIBUTION
OF DEEP-SEA DEPOSITS.

By JonN MURRAY AND A. RENARD.

[A paper read before the Royal Society of Edinburgh.]

The sea is unquestionably the most powerful dynamic agent on the
surface of the globe, and its effects are deeply imprinted on the external
crust of our planet; but among the sedimentary deposits which are
attributed to its action, and among the effects which it has wrought on
the surface features of the earth, the attention of geologists has, till
within quite recent times, been principally directed to the plienomena
which take place in the immediate vicinity of the land. It is incon-
testable that the action of the sea along coast and in shallow water has
played the largest part in the formation and accumulation of those
marine sediments which, so far as we can observe, form the prineipal
strata of the solid crust of the globe; and it has been from an attentive
study of the phenomena which take place along the shores of modern
Seas that we have been able to reconstruct in some degree the condi-
tions under which the marine deposits of ancient times were laid down.

Attention has been paid only in a very limited degree to deposits of
the same order, and, for the greater part, of the same origin, which differ
from the sands and gravels of the shores and shallow waters only by a
lesser size of the grains, and by the fact that they are laid down at a
8reater distance from the land and in deeper water. And still less
attention has Leen paid to those true deep-sea deposits which are only
known through systematic submarine investigations. One might well
ask what deposits are now taking place, or have in past ages taken
Place, at the bottom of the great oceans at points far removed from
land, and in regions where the erosive and transporting action of water
has little or no influence. Without denying that the action of the tidal
Waves can, under certain special conditions, exert an erosive and trans-
Dorting power at great depths in the ocean, especially on submerged
Peaks and barriers, it is none the less certain that these are exceptional
Cases, and that the action of waves is almost exclusively confined to the
Coasts of emerged land. There are in the Pacific immeuse stretches of
thousands of miles where we do not encounter any land, and in the
Atlantic we have similar conditions. What takes place in these vast
tegions where the waves execrcise no mechanical action on any solid
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object? We are about to answer this question by reference to the facts
which an examination of deep-sea sediments has furnished.

A study of the sediments recently collected in the deep sea shows
that their nature and mode of formation, as well as their geographical
and bathymetrical distribution, permit deductions to be made which
have a great and increasing importance from a geological point of view.
In making known the composition of these deposits and their distribu-
tion, the first outlines of a geological map, of the bottom of the ocean
will be sketched.

This is not the place to give a detailed history of the various contri-
butions to our knowledge of the terrigenous deposits in deep water near
land, or of those true deep-sea deposits far removed from land, which
may be said to form the special subject of this communication. IFrom
the time of the first expeditions undertaken with a view of ascertaining
the depth of the ocean, small quantities of mud have been collected by
the sounding lead and briefly described. We may recall in this con-
nection the experiments of Ross and the observations of Hooker and
Maury.

These investigations, made with more or less imperfect appliances,
immediately fixed the attention, without, however, giving sufficient
information on which to establish any general conclusions as to the na-
ture of the deposits or their distribution in the depths of the sea.

‘When systematic soundings were undertaken with a view of estab-
lishing telegraphic communication between Europe and America, the
attention of many distinguished men was directed to the importance,
in a biologieal and geological sense, of the specimens of mud brought
up from great depths. The observations of Wallich, Huxley, A gassiz,
Baily, Pourtales, Carpenter, Thomson, and many others, while not neg-
lecting mineralogical and chemical composition, deal with this only in
a subordinate manner. The small quantities of each specimen at their
command, and the limited areas from which they were collected, did
not permit the establishment of any general laws as to their composi-
tion or geographical and bathymetrical distribution. These early re-
searches, however, directed attention to the geological importance of
deep-sea deposits, and prepared the way for the expeditions organized
with the special object of a scientific exploration of the great ocean
basins.

The expedition of the Challenger takes the first rank in thesc inves-
tigations. During that expedition a large amount of material was col-
lected and brought to England for fuller study under the charge of Mr-
Murray, who has in several preliminary papers pointed out the compo-
sition and varieties of deposits which are now forming over the floor of
the great oceans. In order to arrive at results as general as possible,
it was resolved to, investigate the subject from the biological, mineral-
ogical, and chemical points of view, and M. Renard was associated with
Mr. Murray in the work. In addition to the valuable collections and
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observations made by the Challenger, we have had for examination
material collected by other British ships, such as the Porcupine, Ball-
dog, Valorous, Nassau, Swallow, Dove; and, through Professor Moln,
by the Norwegian North Atlantic expedition. Again, through the lib-
erality ot the United States Coast Survey and Mr. Agassiz, the material
amassed in the splondid series of soundings taken by the American
ships Tuscarora, Blake, and Gettysburg, were placed in our hands.
The results at which we have arrived may therefore be said to have
been derived fromn a study of all the important available material.

The work connected with the examination and description of these
large collections is not yet completed, but it is sufficiently advanced to
permit some general conclusions to be drawn which appear to be of con-
siderable importance. In addition to deseriptions and results, we shall
briefly state the methods we have adopted in thesstudy. All the details
of onr research will be given in the report on the deep-sea deposits in
the Challenger series, which will be accompanied by charts indicating
the distribution, plates showing the principal types of deposits as seen
by the microscope, and numerous analyses giving the chemical composi-
tion and its relation to the mineralogical composition. The description
of each sediment will be accoinpanied by an enumeration of the organ-
isms dredged with the sample, so as to furnish all the biological and
mineralogical information which we possess on deep-sea deposits, and
finally, we shall endeavor to establish general conclusions which can
only be indicated at present,

Before entering on the subject, we lelieve it right to point out the
difficultics which necessarily accompany such a research as the one now
under consideration, difficulties which arise often in part from the small
quantity of the substance at our disposal, but also from the very nature
of the deposit. Since we have endehvored to determine, with great
exactitude, the composition of the depositat any given point, we have,
whenever possible, taken the sample collected in the sounding-tube.
That procured by the trawl or dredge, although usunally much larger,
is not considered so satisfactory on account of the washing and sorting
to which the deposit has been subjected while being hauled through a
&reat depth of water. We have, however, always examined carefully
the contents of these instruments, although we do not think the mate-
Tial gives such a just idea of the deposit as the sample collected by the
Sounding-tube. The material collected by the last-named instrument
has beeu taken as the basis of our investigations, although the small
Quantity often gives to it an inherent difficulty. It was the small quan-
tity of substaibce collected by the sounding-tube in early expeditious
Which prevented the first observers from arriving at any definite re-
sults, but when such small samples are sapplemented Ly occasional
large hauls from the dredge or trawl, they becomo much more valuable
and indicative of the nature of the deposit as a whole. Not only the
Scantiness of the material, but the small size of the grains, which in
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most instances make up deep-sea deposits, render the determipations
difficult. In spite of the inprovements recently effected in the micro-
scopical examination of minerals, it is impossible to apply all the opti-
cal resources of the instrument to the determination of the species of ex-
tremely fine, loose, and fractured particles. Again, the examination of
these deposits is rendered difficult by the presence of a large quantity
of amorphous mineral matter, and of shells, skeletons, and minute par-
ticles of organic origin. Itis also to be observed that we have not to
deal with pure and unaltered mineral fragments, but with particles upon
which the chemical action of the sea has wrought great changes, and
more or less destroyed their distinctive characters.

What still further complicates these researches is the endeavor to
discover the origin of the heterogeneous materials which make up the
deposits. These have been subjected to the influence of a great number
of agents, of some of which our knowledge is to a great extent still in
its infancy. We must take into account a large number of agents and
processes, such as ocean currents; the distribution of temperature in
the water at tho surface and at the bottom ; the distribution of organ-
isins as dependent on temperature and specific gravity of the water;
the influence of aerial currents; the carrying power of rivers ; the limit
of transport by waves ; the eruptions of aerial and submarine volcanoes;
the effect of glaciers in transporting mineral particles, and, when melt-
ing, influencing the specific gravity of the water, which in turn affects
the animal and plant life of the surface. It is necessary to study the
chemical reactions which take place in great depths ; in short, to call
to our aid all the assistance which the physical and biological scienceS
can furnish. It will thus be understood that the task, like all first at-
temptsin a new field, is one of exceptional difficulty, and demands con-
tinued effort to carry it to a succusstul issue.

In presenting a short résumé of our methods, of the nomenclature we
have adopted, and of the investigation into the origin of the deposit in
the deep sea and deeper parts of the littoral zones, we offer it as a sketcl
of our research, prepared to modify the arrangements in any way which
an intelligent criticism may suggest. .

Before proceeding to a description of methods and of the varieties of
deposits, with their distribution in modern ocean, we will briefly enuin”
erate the materials which our examination has shown to take part 11
the formation of these deposits, state the origin of the material, and
the agent concerned in their deposition, distribution, and modification

MATERIALS.—The materials which unite to form the deposits which
wo have to describe may be divided into two groups, viewed in rela-
tion to their origin, viz, mineral and organic.

The mineral particles carried into the ocean have a different form
and size, according to the agents which have been concerned in thelr
transport. Generally speaking, their size diminishes with dista'nce
from the coast, but here we limit our remarks to the mineralogicé
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cliaracter of the particles. We find isolated fragments of rocks and
minerals coming from erystalline and schisto-crystalline series, and
Trom the clastic and sedimentary formations; according to the nature
of the nearest coasts they belong to granite, diorite, diabase, porphyry,
&e.; crystalline schists, ancient limestones, and sedimentary rocks of
all geological ages, with the minerals which come from their disinte-
gration, such as quartz, mouoclinic and triclinic feldspars, hornblende,
augite, rhombic pyroxene, olivine, muscovite, biotite, titanic and mag-
betic jron, tourmaline, garnet, epidote, and other secondary miuerals.
The trituration and decomposition of these rocks and minerals give rise
to waterials more or less amorphous and without distinctive characters,
but the origin of which is indicated by association with the rocks and
minerals just mentioned. ’

Although the débris of continental land to which we have just re-
ferred plays the mostimportant »élein the immediate vicinity of shores,
yet our researches show beyond doubt that when we pass out towards
the central parts of the great ocean basins, the débris of continental
rocks gradually disappears from the deposits, and its place is taken by
Iaterials derived from modern voleanic rocks, such asbasalts, tl‘aclnyteé,
dugite-andesites, and vitreous varicties of these lithological fumilies,
for instance, pumice, and loose, incoherent, volcanic particles of recent
Cruptions, with their characteristic minerals. All these mineral sub-
Stances being usually extremely fine or areolar in structuve, are easily
attacked by the sea water at the place where they are deposited. This
chemical action brings about an alteration of the minerals and vitreous
faagments, which soon passes into complete decomposition, and in
Special circumstances gives rise to the formation of secondary products.
In some places the bottom of the sea is covered with deposits due to
this chemical action, principal among which is clayey matter, associ-
ated with which there are often concretions composed of manganese
and iron., In other regions the reactions which result in the formation
of argillaceous matter from volcanic products give rise also to the for-
ation of zeolites.

Among other products arising from chemical action, probably com-
bined with the activity of organic matter, may be mentioned the for-
ation of glanconite and phosphatic nodules, with, in some rare and
doubtfu] examples, the deposition of silica. The decomposition of the
tlssu(&s, shellg, and slkeletons of organisms adds small quantities of iron,
ﬁuorine, aud phosphoric acid to the inorganic constituents of the deep-
8ea deposits.

Finally, we must mention extra-terrestrial substances in the form of
Cosmic dust,

We now pass to the consideration of the 76le played by organisms in
the formation of marine. deposits. Organisms living at the surface of
the ocean, along the coasts, and at the bottom of the sea are countinu-
ally extracting the lime, imagnesia, and silica held in solution in sea
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water. The shells and skeletons of these, after the death of thie animals
and plants, accumulate at the bottom and give rise to calcareous and
siliceous deposits. The calcareous deposits are made up of the remains
of coccospheres, rhabdospheres, pelagic and deep-sea Foraminifera, pe-
lagic and deep-sea Mollusks, Corals, Aleyonarians, Polyzoa, Echino-
derms, Annelids, Fish, and other organisms. The siliceons deposits are
formed principally of frustules of' Diatoms, skeletons of Radiolarians,
and spicules of Sponges.

‘While the minute pelagic and deep-sea organisms above mentioned
play by fur the most important part in the formation of deep-sea de-
posits, the influence of vertebrates is recognizable only in a very slight
degree in some special regions by the presence of large numbers of
sharks’ teeth and the ear bones aud a few other bones of whales. The
otoliths of fish are usually present in the deposits, but, with the ex-
ception of two vertebrae and « scapula, no other bones of fish have been
deteeted iu the large amount of material we have examined.

AGENTS.—Having passed in review the various rmaterials whiclh go
to the formation of depesits in the deep water immediately surrounding
the land and in the truly oceanic areas, attention must now be directed
to the agents which are concerned in the transport and distribution of
these, and to the sphere of their action. The relations existing between
the organic and inorganic elements of deposits to which we have just
referred, and the laws which determine their distribution, will be
pointed out at the same time,

The fluids which envelop the solid crust of the globe are incessantly
at work disintegrating the materials of the land, which, becoming
loose and transportable, are carried away, sometimes by the atmos:
phere, sometimes by water, to lower regions, and are eventually borné
to the ocean in the form of =olid particles or as matter in solutiou. Tho
atmosphere, when agitated, after having broken up the solid rock;
transports the particles from the continents, and in some regions car:
ries them far out to sea, where they form an appreciable portion of the
deposit, as, for instance, off the west coast of North Africa and the
southwest coast of Australia. Again, in time of volcanic erupt-iOB'S;
the dust and scoria which are shot into the air are carried immense dis
tances by winds and atmospheric currents, and no small portion event
nally falls into the sea.

Water is, however, the most powerful agent concerned in the formd-
tion and distribution of marine sediments. Running water corrodes
the surface of the land and carries the triturated fragments down into
the ocean. The waters of the ocean, in form of waves aud tides, attack
the coast and distribute the débris at a lower level. Independently ©
the action of the waves, there exists along most coasts currents, more
or less constant, which bhave an effect in removing sand, gravel, an
pebbiles farther from their origin.  Generally, terrestrial matters appear
to be distributed by these means to a distance of one or two hundré
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miles from the coast. Waves and currents probably have no erosive
or trausporting power at depths greater than 200 or 300 fathoms, and
even at such depths it is necessary that there should be some local and
special conditions in order that the agitated water may produce any
mechanical effect. However, it is not lmprebable that, by a peculiar
configuration of the bottom and ridges among oceanic islands, the de-
posit on a ridge may be disturbed by the tidal wave even at 1,000
fathoms ; and this may be the cause of the hard ground sometimes
met with in such positions. By observations off the coast of France it
has been shown that fine mud is at times disturbed at a depth of 150
fathoms; but while admitting that this is the case on exposed coasts,
the majority of observations indicate that beyond 100 fathoms it is an
oscillation of the water, rather than a movement capable of exerting
any geological action, which concerns us in this connectiou.

Although the great oceanic currents have no direet influence upon
the bottom, yet they have a very important indirect effect upon depos-
its, because the organisms which live in the warm equatorial currents
101 i a very large part of the sediment being deposited there, and this
in consequence differs gxeatlv from the depOSltb forming in regions
where the surface water is colder. In the same way a high orlow spe-
¢ific gravity of the surface water has an important bLearing on the
animal and vegetable life of the ocean, and this in its turn affects the
character of the deposits.

The thermometric observations of the Challenger show that a slow
movement of cold water must take place in all the greater depths of the
Ocean from the poles, but particularly {rom the southern pole, towards
the equator. It could be shown from many lines of argument that this
extremely slow massive movement of the water can have no direct in-
fluence on the distribution of marine sediments.

Glaciers, which eveutually became icebergs that are carried far out
to sea by currents, transport detrital matter from the land to the
ocean, and thus modify in the Arctic and Antarctic regions the deposits
taking place in the regions affected Ly them. The detritus from ice-
bergs in the Atlantic can Le traced as far south as latitude 36° off the
American coast, and in the southern hemisphere as far north as lati-
tude 400,

The fact that sea water retains fine matter in suspension for a much
l_shox‘ter time than fresh water should be referred to here as having an
mportant influence in limiting the distribution of fine argillaceous and
Other materials borne down to the sea by rivers, thus giving a distine-
tive character to depogits forming near land.

We have pointed out the influence of the temperature aud salinity
Upon the distribution of the surface organisms whose skeletons form a
1"“‘5?0 part of some oceanic deposits, and may state also that the bathy-
metrical distribution of calcareous organisms is influenced by the
chemical action of sea water. We will return to these influences pres-
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ently when describing the distribution of the various kinds of deposits
and their reciprocal relations, especially in those regions of the deep
sea far removed from the mechanical action of rivers, waves, and super-
ficial currents. The action of life as a geological agent has been indi-
cated under the heading Materials.

MRrrHODS.—We give here an example showing the order followed in
describing the deposits examined :,

Station 338 ; latitude 21° 15’ 8., longitude 14° 2’ W.; March 21,1876;
surface temperature, 76°.5; bottom temperature, 36°.6; depth, 1,990
fatboms.

Globigerina ooze, white, with slightly rosy tinge when wet; granular,
homogencous, and very slightly coherent when dry; resembles chalk.

I. Carbonate of calcium, 90.38 per cenut., cousists of pelagic Forami-
nifera (80 per cent.); coceoliths and rhabdoliths (9 per cent.); Miliolas,
Discorbinas, and other Foraminifera, Ostracode valves, fragments of
Echini spines, and one or two small fragments of Pteropods (1.38 per
cent.).

1L, Residue, 9.62 per cent., reddish brown, consists of—

1. Minerals [1.62] m. di. 0.459m, fragments of feldspar, hornblende,
magnetite, magnetic spherules, a few small grains of manganese, and
pumice.

2. Siliceous organisms [1.00], Radiolarians, spicules of Spouges, and
imperfect casts ot Foraminifera. .

3. Fine washings [7.00], argillaceous matter with small mineral par-
ticles and fragments of pumice and siliceous organisms.

The description of the deposits has been made upon this plauy, which
was adopted after many trials and much consideration. This is not
the place to give the reasons which have guided us in adopting this
mode of description, or to give in detail the methods that we have sys-
tematically employed for all the sediments which we are engaged in
describing. These will be fully given in the introduction to our Chal-
lenger report. We limit ourselves liere to explaining the meanings
and arrangement of terms and abbreviations, so that the method may
be understood and made available for others,

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

We have always endeavored to give a complete chemical analysis of
the deposit, but when it was impossible to do this we have always de
termined the amount of carbonate of calcium. This determination wa$
generally made by estimating the carbonic acid. We usually took 2
gram of a mean sample of the substance for this purpose, using Wea_k
and cold hydrochloric acid. However, as the deposits often contait
carbonates of magnesia and iron as well, the results calculated by asso-
ciating the carbonic acid with the lime are not perfectly exact, but these
carbonates of magnesia and iron are almost always in a very small pro-






