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arouse, such a society might evcn secure a 
small fuild for i ts  mai~itenance. 

Last,  ancl if such a work be  l~ossiblc, best 
of all, the association might, through a proper 
committee, clo much to promote science-teach- 
ing in  the schools of the cities where i t  each 
Sear bides. Every meeting of tlie association 
has among its attendants thosc who have the  
much-needed skill in  the matter of teaching 
science. There is  hardly a public school in  
the lancl where there is not a c r j ing  need of 
such help as  could best be given a t  such 
times. There shoulcl be  a committee, or even 
perhaps a section of the associatiou, devoted 
t o  tlie lsromotion of sound teacl~ing in natural 
science ; for tlie gravest danger before this 
bra11ch of learning is t o  be foulid in  the racli- 
cal imperfection of the methods of science- 
teaching in use in  our schools. These sugges- 
tions may seem t o  lay heavy burdens of 
advice 011 the association, but none of them 
seem beyond the promise of its strength. 

I l R C E N T  EXPLORATIOlVS I N  T H E  RE-
f?lOiV- O F- THE- - - OIILF-STREAM. OP1'. - l'tiE 
E A S T E K N  COAST O F  T H E  U N I T E D  

- . -

a s  to  resemble mud, and is  frequently so  re- 
ported wlien the preliminary soundings are  
made. I n  scver:ll localities the bottom was so  

hard,' i n  ($5 t o  125 fathoms, that  the bnlli of 
the  material brought u p  consisted of sponges, 
worm-tubes, shells, etc., with sorne gravel, but  
witti neither mud nor fine sand. Such bottoms 
were very rich i n  animal life. I n  many 
instances, eve11 ill our deeper dredgings (about 
700 fathoms), and throughout tlie belt euam-
inecl, we have talien numerous pebbles, and  
small, ronridecl bomlclers of all sizes, up  t o  sev- 
eral pounds in  weight, consisting of granite, 
sienite, mica schist, etc. These a re  abundant i n  
sorne localities, and covered with Actiniae, 
etc. Probably, while frozen illto the shore-ice 
i n  winter and spring, they have been recently 
floated out from our shores and rivers, and 
dropped i n  this region, where the ice melts 
rapidly under the influence of the warmer Gulf- 
Stream water. Probably much of the sand, 
especially the coarser portions, may have been 
transportecl by the same agency. 

Another may, generally overloolied, in  which 
fine beach-sand can be carried long distances 
out t o  sea, is in consequence of its floating o n  
the surface of the water after it has been ex-
posed t o  the air,  and clried on the beaches. T h e  
rising tide carries off a considerable amount 
of d q  sand,  floating in this way. I n  our fine 
towing-nets we often take more or less fine 
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4. Nature and origin of the deposits. 
ALONGpart  of the Gulf-Stream slope exam- 

ined by us, the bottom, i n  6.5 t o  150 fathoms, 
80 t o  110 niiles from the shore, i s  composed 
mainly of very fine siliceous sand, mixed with 
a little clay, ancl co i t t a i~~ing  always a consid-
erable percentage of tlie shells of E'oraminifera 
aiicl other calcareous organisms, and frequently 
spherical, rocl-lilie, and stellate sand-covered 
rhizopods, sometimes in large quantities. 
Among the Foraminifera, Globigerina is 
abundant ; but many other forms occur, some 
of them of large size ancl elegant in form. 
Grains of green sand (glauconite) were fre- 
quently met with, but were not abundant. 
Large quantities of the tabes of annelids fre- 
c l~~ent lyoccur. Some of these are nlacle of 
cemented mud, fine sand, or of gravel ; others, 
of parchment-like secretions. On the iasllore 
plateau, and also in the deeper localities on the  
slope, there is  usually more or less genuine 
muti or clay ; but this is  gonerally mixed with 
considerable fine sand, even in 300 to 600 
fatlioms. T h e  sand, however, is  often so  fine 
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siliceous sancl n~liich is  evidently floating on the 
surface, even a t  consiclerable distances from 
the shore. T h e  vast sand-beaches, extending 
from Long Island to Florida, afforcl a n  iaex- 
haustible supplr of this fiue sancl. 

T h e  re valence of fine sand along the Gulf- 
Stream slope in this region, and the remarkable 
scarcity of fine mud or  clay deposits, indicate 
that  there is here, a t  the bottom, a current 
usuallg suHicient t o  prevent, for the most part,  
the deposition of fine argillaceous sediments 
over the upper portion of the slope, in  65 t o  
150 fathoms. Such materials are  probably 
carried along, for the greater part,  till they 
eventually sink to greater depths, nearer the 
base of the slope, or beyoncl in  the ocean-basin 
itself, where the curreats are  less active. 
Doubtless, there a re  also belts along which the 
northern current meets and opposes the Gulf 
Stream, causing less motion, and favoriilg the 
deposition of fine secliments. I t  is probable 
that  motion of the water along the upper part  
ofethe slope may also be caused by tidal cur-
rents,  which would modify the north-eastern 
flow of the Gulf Stream, both in  direction and  
velocity. Currents procluced by protracted 
storms might have the same effect. I n  depths 



greater than 200 fathoms on the outer slope, 
and in 25 to 60 fathoms on the inshore plateau, 
there is clonbtless a slow, cold current to the 
south-west. I t  is not probable that these 
bottom-cnrrents are strong enough to move 
even the fine sancl after it lias once actually 
reached the bottom ; nor is i t  strong enouqh 
to prevent the general cleposition of oceanic 

foraminifera, pteropocls, etc. 
The existence of actual ctlrrents in this 

region, sufficiently powerful to directly effect 
an  erosion of the bottom, is harclly supposable. 
Such a result may be effected, however, in con- 
sequence of the peculiar habits of certain fishes 
and crustacea that abound on these bottoms. 
&Xally fishes, like the ' hake ' (Phycis), of 
which three species are cominon here, have the 
habit of rooting in the mud for their foocl, which 
consists largely of Annelida ancl other mud- 
b~~rrowing Other fishes, t l~ose with creatures. 
sharp tails especially, burrow actively into the 
m~ldor sancl, tail first ; an(] in all prol~ability 
AZacrurus, abundant on these slopes, has this 
habit. Several burrowing species of true eels 
ancl eel-like fishes are very abnnclant on these 
bottoms. 31a11y of tlie crabs and other crus- 
tacea are S L I C ~active bnrrowers. creatures, 
.by continually stirring up the l~ottom sediments, 
give the cnrrents R chance to carry away the 
finer arid lighter materials, leaving the coarser 
behind. 

I n  many localities there are great quantities 
of deacl shells, both broken and entire. A 
sninll proportion of tlie nnhroke~i bivalves have 
been drilled by carnivorous @stropocls, but 
there are large numbers that show 110 such 
injury. These have, for tlie most part, nn-
do~tbtedly served as food for the star-fishes ancl 
large Actiniae, abundant on these grounds, 
and from which I have often talien many kinds 
of entire shells, including delicate pteropods. 
Many fishes, like the cod, haddoclc, halre, 
flounders, etc., have the habit of swallowing 
shells entire, and, after cligesting the contents, 
they disgorge the uninjured shells. Such fishes 
abouncl here. Species of Octopus are also 
known to feecl upon bivalves without breaking 
them, and 0. Bairdii is common in these 
depths. The broken shells have probably been 
clestroyecl, in largc part, by the large crabs and 
other crustaceans having clams strong enough 
to cracli: the shells. The large species of Cancer 
and Geryon, and the larger Paguri, abunclant 
in this region, have strength sufficient to brealr 
most of the bivalve shells. Alany fishes that 
feed on mollusca also crash the shells before 
swallowing them. Both fishes ancl crabs have, 
doubtless, thus helpecl to accumulate the brolien 
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shells that are often scatterecl abundantly orer 
the bottom, both in deep ancl shallon, water. 
Snch accnmulations of shells \vonlcl soon become 
far more extensive than they are, if they were 
not attacked by boring sponges ancl annelids. 
Certain cominon spoiiges, belonging to the 
genus Clioila, very rapiclly perforate the harcl- 
est shells in every direction, making irregular 
galleries, ailcl finally ~lttcrly clestroying tlieni. 
On the outer grounds nTe dredge up rarely 
fragments of woocl; h i t  these are generally 
perforatecl by the borings of bivalves (ust~ally 
Xylophaga dorsalis) and other creatures, and 
by them would evidently soon be clestroyecl. 

We  very rarely meet with the bones of 
vertebrates at  a distance from the coast. 
Although these waters svvarm with vast schools 
of fishes, while shalli-s, and a large sea-porpoise, 
or dolphin (l>elpliinus, sp.) ,  often occur in 
large numbers, me very rarely dredge up any 
of their bones. In a few instances nTe have 
clredgecl a single exainple of a shark's tooth, 
ant1 occasionally the hard otoliths of fishes. 
I t  is celtain that not merely the flesh, k~nt most 
of the bones also, of nearly all the vertebrates 
that die in this region, are very speedily tle- 
vourecl by the ~rarious animals that swarm on 
the bottom. Echini are very fond of fish-
bones, which they rapidly consume. Fishes 
caught 011 tlie hooks in this region, ancl left 
clown an hour or two, were nearly stripped of 
their flesh by small arnphipocl crustacea. 

Relics of rnan ancl his works are of es-
tremely rare occurrence at  a distance from 
the coast, or even at  a short clistance otltside 
of harbors, with the exception of the clinliers 
ancl fragments of coal thrown overboard from 
steamers with the ashes. As oar dreclgings 
are in the track of European steamers, such 
materials are not rare. A few years ago, 
even these mo~lld not have occurred. A rock 
forming on this sea-bottom ~~ou lc l ,  therefore, 
not contain much evidcnce of the existence of 
man, nor even of the commonest fishes and 
cetaceans inhabiting the waters. 

5. Fossiliferous niagnesian limestone nodules. 

A t  several localities in 234 to 640 fathoms, 
we rlreclged fragments and nodular masses or 
concretions of a peculiar calcareous rocli, evi- 
dently of deep-sea origin, and tioubtless formed 
at  or near the places where it mTas obtained. 
These specinlens varied in size from a few 
inches in diameter 1111 to one irregular nodular 
or concrrtionary mass talceii ill 6-10 fathoms, 
which as 29 inches long, 14 broacl, and G 
thick, with all parts well rounded. Thcse 
masses differ much in apllearalice, color, tes-  
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ture, and fineness of grain;  but they are all 
composed of distinct particles of siliceous salid, 
often veryfine, cemented by more or less abun- 
rlant lime and magnesia carbonates. Some-
t~messmall quartz pebbles occur in them. Tlie 
fine-grained varieties of the rocli are often ex- 
ceedingly compact, liar($, and tough, osnally 
grayish or greenish in color. They are often 
bored by annelids, sponges, etc., alid are 
usually ~veatliered brown, due to the yrcsence 
of iron (probably in part as carbonate, some- 
times as pyrite). Tlie sand consists mainly of 
rounded grains of quartz, with some felspar, 
mica, garnet. and magnetite. I t  is like the 
loose sa~rcl dredged from the bottom in the 
same region. The calcareous cementing ma- 
terial seems to have been derived mainly from 
the sliells of Foraminif(~ra, abunclantly dis- 
serninatetl through tlie sand just as we find the 
rccc~it Foraminifera ill the same region. I n  
some cases, clistinct casts of Foraminifera are 
.\.isible in the rock. I n  some pieces of the rock, 
distinct fossil shells were found, apl~arcntly of 
recent species (Astarte, etc.) . The larger 
ninsses appear to hare been origit~ally cou- 
cretions in a softer deposit, ~ h i c h  has I~een 
morc or less worn away, l c a ~ i n g  the Imrd 
~iodules so exposed that the trawl coultl pick 
then1 up. The age of these rocks may be as 
great as the pleistocene, 01. even the l)liocene, 
so far as t l ~ e  evidence goes. No rocks of tliis 
lii~ldare founcl on tlie dry land of this coast. 
I t  is prohal)le, hon-erer, that tl1e7 belong to a 
part of the same forniation as tlie Inasses of 
fossiliferous sandy limestone and calcareous 
sandstone, often hrougllt up 'riy the Gloncester 
fishermen from deep water on all the fishing- 
hanks, from George's to the Grand Banlr. 

The chemical composition of these limestone 
noilnlcs is of much interest geologically. 
Analyses marle by Prof. 0. D. Allen prove 
that they contain a considerable amount of 
magliesin. They are, therefore, to bc regarded 
as magnesian limestones, or dolomites, of' 
recent submarine origin. They also contain a 
notable quantity of calcium phosphate. The 
presence of tlie latter is not surprising when 
me consider the innnense nnnlber of c~lrnivo- 
rous fishes, ceplialopods, etc., nhicli inhabit 
these waters, ancl feed largely uljon the smaller 
fishes, whose comminuted bones mr~st, in part 
at  least, be discharged in their excrements. 
I n  fact, it is probable that the greater ])art of 
all the ~ n n d  and sancl that cover these bottoms 
has passetl more than once throu0.h the ~rites- 
tiaal canals of living animals. he Echini, 
liolotli~u.ians, and many of tlie star-fishes and 
worms, continually swallow large quantities of 

~ n ~ r dand sand for the sake of the ininutc organ- 
i su~s  contained in it,  and from which tiicy 
clerire tlieir sustenance. 

The following partial analysis by Prof. 0.D. 
Allen gives the percentage of the rnost impor- 
tant constituents. Tlie sample analyzed was a 
hard, coinptict, and w r y  fine-grained magne- 
sian lirnesto~re. I t s  color was yellonrish green, 
with a darker green surface, weathered rusty 
hromn in some places. I t  contained some 
minute specks of iron pyrite. I t s  specific 
gravity was 2.73. 

Cnntpositiorz of  a cleep-tcater limesto~ze. 
Per cent. 

Lime . . . . . . . . . . . . . . . 24.95 
RIagnesia . , . . . . . . . . . . . 14.41 
Iron (estilriated as protoside) . . . . . . 2.00 
Phospllorie acid (riot ~veigl~ed).  
I~isolublel.esidue (sand) . . . . . . . . 16.97 
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ITwould nat~~ral ly  he expected that a t  an 
exhibition of this kind in England, where so 
niclch has been clone in the past for deep-sea 
in~cstigations, tliere woulti be found a good 
collection of the apparatus usecl in deep-sea 
worli. Great Britain has, in fact, showll al- 
rnost nothing of tlie kind; indeed, one may 
say, nothing wliaterer that especially relates 
to deep-sea i~irlestigation. After spencling the 
not inconsiclerable stun of money required to 
fit out the Challenger, tlie British government 
seems to have lost all interest in deep-sea ex- 
ploration ; and otller nations are carrying on 
the work with greatly improved apparatus, 
while Great Britain rests cotitent with the lau- 
rels already won. 

The Uiiited States esliibit is the most com-
plete of all, as regards apparatus of this liind. 
Dcnrnark and Sweden h a ~ esome apparatus 
for collecting specimens of water and ohserva- 
tions of te~nperatnre, nhich, with the later 
forrus uscd by tlie U.S. fish-eommissiou ancl by 
tlie coast-survey, will form the main subject of 
this article. 

The Swcdih  apparatns mas devised by Prof. 
F. L. Ekman, principally for the use of the 
Swedish expedition of 1877, which carried out 
very thorougli ancl sgstelnatic hydrographic 
in~estigations in tlie waters extending from 
the North Sen, throngli tlie Baltic, to the ex-
treme end of the Chlf of Botllnia. Although 
the apparatus worked with entire satisfaction, 
i t  would scarcely be used at  tlie present timel 
for it is ~~nnecessnrily heavy and large, 


