XLIIL.—PHYSICAL CHARACTERS OF THE PORTION OF THE
CONTINENTAL BORDER, BENEATH THE GULF STREAM, EX-
PLORED BY THE FISH HAWK, 1880 TO 1882.

By A. E. VERRILL.

Although several extended surveys along the region of the Gulf
Stream had been made by the officers of the United States Coast Sur-
vey since 1844, no systematic dredging had been done along its course,
north of Florida, until 1880, During the previous surveys large num-
bers of bottom sawmples bad been saved. Some of these were studied
many vears ago by Professor Bailey, and later by Mr. L. F. de Pourtales.
Many of the Foraminifera and other microscopic.forms have been de-
scribed by them. A few small shells from the same source were de-
scribed by Dr. A. A. Gould, in 1862 These investigations gave a par-
tial knowledge of the nature of the mlaterials of the bottom and the
depth. But many errors existed in the earlier surveys in the determi-
nations of temperature, and little else was known of the physical condi-
tions. In many cases the recorded depths were also unreliable. The .
extensive surveys made by the Blake since 1850 have been conducted
with much better apparatus and far greater accuracy. In 1872 one haul
was made by Messrs. 8. I. Smith and O. Harger, while on the Bache, in
430 fathoms, south of George's Bank, ou this slope, but it happened to
be on a comparatively barren spot. In 1877, the United States Fish
Commission party dredged on the northward continuation of the Slope,
about 120 miles south of Halifax, in 90 and 190 fathoms, but the bottom
was of barren gravel and the results meager and unsatisfactory. In
that region the cold currents are rapid and the slope of the bottom is

exceedingly steep, making the dredgings very difficult.

The real character of the rich fauna inhabiting the bottom beneath
the Guilf Stream,off our eastern coast, was completely unknown until
1880,* when numerous and successful dredgings were made, first by Mr,

* The Challenger, on her cele. rated voyage, n ade a linbd of dredgings from Bermuda
toward New York, but after approaching our coast she turned northward, and went
to Halifax. Her stution nearest to our coast was about 160 miles off New York, in
1,240 fathoms. The fow dredgings made by the Chullenger off Halifax were partly
on the shallow fishing Lanks (Le Have Bunk) and partly in the deep water of the
Atlantic Basin. By mere chance, therefore, the Challenger missed the discovery of
the exceedingly rich and varied deep-water fauna that is now known to occupy the
Gulf Stream Slope at moderate depths all along our coast. ’
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Alexander Agassiz, on the Coast Survey steamer Blake, J. R. Bartlett,
U. 8. N., commander, and later in the scason by the United States Fish
Commission party, on the Fish Hawk.

The Bluko made several lines of dradgiugs off our eastern coast, ¢ross-
ing the Gulf Stream Slope. The mwost southern of these were off tho
Carolina coasts, and the nost northern stations were just south of
George’s Bank. These dredgings extended from shallow water to about
1,400 fathoms. The Blake was furnished with cxcellent apparatus for
sounding and dredging, temperature determinatious, &c. The officers
of the Blake secured, by this exploration, a large amount of relia-
ble physical data, and Mr. Agassiz obtained very interesting collec-
tions, including ]arge numbers of new forms of animal life, many of
which have already been deseribed in the ¢ Bulletin of the Museum of
Comparative Zoology.” Later in the scason of 1830 the United States
Fish Commission dredging party, under the supervision of the writer:
made its first expedition to the Gulf Stream Slope, in the steamer Fish
Hawk, Lieut. Z. L. Tanner commander. The region visited was about
75 to 80 miles south of Martha’s Vineyard, in 65 to 192-fathoms. On
September 4, when this ground was first visited by us, a long day was
spent in dredging and trawling, and with marvelous results. The bot-
tom was found to be occupied by an exceedingly rich apnd abundant
fauna, including great numbers of new and strange forms of animals,
belonging to nearly all the marine orders.

This first trip having been so successful, two others were made, later
in the season, to other parts of the Slope, in depths ranging from 85 t0
500 fathoms. Each trip proved equally productive, and added many
species to the lgng lists of new discoveries.

In 1881 seven trips were made by us to the Gulf Stream Slope, from
Wood’s Holl, and in 1882 five trips. During these fifteen trips, on
most of which a single entire day was employed in dredging, we occll-
pied about 113 stations. At nearly all these stations we used a large
trawl of improved construction. In a few instances we used a large
rake-dredge. . ’

Our dredgings in this region during the three seasons cover a belt
about 160 miles long, east and west, and about 10 to 25 miles wide.
The most eastern stations are southeast of Cape Cod, the most west-
ern are south of Long Island. They are mostly between 90 and 110
miles from the coast-line of Southern New England (see Plate I). The
depths are mostly between 66 and 700 fathoms. Probably no other
equally large part of the ocean basin, in similar depths, has been more
" fully examined than this. Inaddition to the regular work of the party
during the season, Captain Tanner made a special trip to the Gulf
Stream flope, off Chesapeake Bay, iu 1880, and another off Delaware
Bay, in 1881. On both of these occasions valuable collections were
made and additional data in regard to the depths and temperature were
obtained. He occupied seven stations,in 18 to 300 fathoms, in 1880,
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and eight stations, in 104 to 435 fathoms, in 1881. These dredgings
show the direct southward continuation of the inshore cold belt and
the warm belt outside of it, as well as the cold deep-water belt, with
but little change in the fauna of each.

At most of the localities that we have examined the temperature of the
water, both at the bottom and surface, was taken, as well as that of the
air. In many cases series of temperatures, at various depths, were also
taken. Many other physical observations have also been made and re-
corded. Lists of the animals from each haul have been made with care
and arranged in tables, so far as the species have been determined, up
to date. Lists of the fauna will soon be published in these reports.

South of New England the hottom slopes very gradually from the:
shore to near the 100-fathom line, which is situated from 80 to 100 miles
from the mainland. This broad, shallow belt forms, therefore, a nearly
level submarine plateau, with a gentle slope seaward. Beyond the 100-
fathom line the bottom descends rapidly to more than 1,200 fathoms, into
the great ocean basin, thus forming a rapidly-sloping bank, usually as
steep as the side of a great mountain chain and about as high as Mount
Washington, New Hampshire. This we call the «“Gulf Stream Slope,”
becanse it underlies the inner portion of the Gulf Stream all along our
coast, from Cape Hatteras to Nova Scotia (Plate 1I). In our explorations
a change of locality of less than 10 1wiles, transverse to the Slope, would
sometimes make a difference of more than 3,500 feet in depth.

TFarther from the coast the depth continues to increase, but much
" more gradually, until the depth of about 3,000 fathoms is reached. The
Albatross, in 1883, dredged in these deeper waters down to 2,949 fath-
oms, in N. lat. 370 12/ 20/, W. long. 69° 39/, station 2099.

INFLUENCE OF THE GULF STRE_AM.

The bottom along the upper part of this slope and the outermost por-
tion of the adjacent platean, in 65 to 150 fathomws, and sowetimes to 200
fathoms or more, is bathed by the waters of the Gulf Stream. Conse-
quently the temperature of the bottom-water along this belt is decidedly
higher thau it is along the shallower part of the plateau nearer the
shore, in 25 to 60 fathoms.” The Gulf Stream itself is usually limited in
depth to about 150 fathoms, and often even less, in this region; below
this the temperature steadily decreases to the bottom of the ocean basin,
where it is about 389, in 1,000 to 1,400 fathoms. We may, therefore,
properly call the upper part of the Slope, in about 65 to 150 fathoms,
the “warm belt.” According to our observations, the bottom tempera-
ture of the warnier part of this belt, in 65 to 125 fathoms, is usually be-
tween 47° T. and 53° I, in summer and autumn. Between 150 and 200
fathoms, the temperatures, though variable, are usually high enough
to show more or less influence from the Gulf Stream. On the warm
belt we took numerous kinds of animals that were previously known
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only from the Gulf of Mexico or the Straits of Florida. Some belong to
genera that Lave always been considered as tropical orsub-tropical, such
as Dolium, Marginella, Solarium, and Avicula among the shells. In
fact this Lelt is occupied by a northern continuation of the southern
or West Indian Gulf Stream fauna. Our observations, both on the
animal life and the temperature, demonstrate that the western edge of
the Gulf Stream is much nearer this coast thau it is located on most
modern charts. According to our experience the influence of the Gulf
Stream becomes decidedly marked, by the rise in temperature a few
fathoms below the surface, along a belt corresponding nearly with the
65-fathom line, in summer. This is shown both by the abundant occur-
rence of the various pelagic animals, gulf-weed, &c., characteristic of
the Gulf Stream water farther south, and by the temperatures taken by
us. The temperature curves, in 5, 10, 20, 30, and 50 fathows, all illus-
tiate this, as well as the bottom temperatures. The English Admiralty
charts, and others, place the inner edge of the Gulf Stream iu summer
ontirely outside of the Slope, or 40 to 50 miles farther from the coa§ﬁ
than we found it. In summer, as is well known, the Gulf Stream 18
noticed nearer the coast than in winter, but this doubtless applies
strictly, or chiefly, only to the surface water. But in summer, oWing
to the heat of the sun, there is often very little difference between the
temperature of the surface watcr at the Gulf Stream and on the inshore
plateau. Our investigations show that the warm belt, in 65 to 125
fathoms, is inbabited by a peculiar southern fauna that could not exist
there if the Gulf Stream did not flow along this area, at the bottow,
both in winter and summer. It is evideut that what mmany of these spe-
cies require is not a very high, but a nearly uniform temperature, all the
year round. Such an equable temperature could not exist in this region
except under the direct and constant influence of the Gulf Stream. OnR
the lower part of the Slope, in 300 to 780 fathoms, we found numerous
arctic forms of life, corresponding to the lower temperature, which at _
300 to 500 fatbows is usually 41° F. to 40° F., and at 500 to 1,200 fath-
oms, 40° I. to 38° F. On the inshore plateau, which is occupied by 2
Lranch of the cold, arctic current, about 30 miles wide, we found that
the temperature of the bottomn water usually varied from 46° IF. to 42° .,
in August, at the depths of 25 to GO fathoms. In some instances it was
higher than this nearer the shore, and especially opposite the mouths
of the bays and sounds, where the tidal flow rapidly mingles the warmn
surface water (700 I'. to 756° FI.) with the bottom water.

On the cold part of thoe shore plateau we also found an abundance of
arctic species of animals, such as are found at similar and less depth
north of Capé Cod and in the Bay of Fundy. During the colder season
of the year the temperature of the water over this plateau is decidedly
lower, for codfish even arc taken here in large nuwbers in winter. This
plateau, especially over its shallower portions, has, therefore, a variable
cold climate. But the deep water below 300 fathoms has a uniform
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cold climate. 1t is evident that the ¢ warm belt” is here a comparatively
narrow one along the bottom, wedged in between the cold waters of the
inshore plateau and the still celder waters that cover the outer and
deeper part of the Gulf Stream Slope. The actual breadth of this warm
belt varies, however, adcording to the steepness of the slope and in con-
sequence of variations in the currents. Just south of Martha’s Vine-
yard, as will be seen by the map, the slope appears to be less rapid
than it is either to the eastward or southward, and consequently there
is here a broader area occupiced by the warm belt, especially between
the 65 and 150 fathom lines. Probably this warm belt finally narrows
out and disappears from the bottom before reaching the coast of Nova
Scotia. W have hitherto obtained no evidence of such a belt off that
coast from temperature observations and the character of the fauna.
Therefore it is probable that the cold water of the greater depths there
mingles directly with that of the inshore plateau. Southward the warm
belt continues to the Straits of Florida, and beyond, the depth of the
water characterized by identical temperatures gradually increasing as
we go south. At Cape Hatteras this belt becomes very narrow, owing
to the abruptness of the slope, and approaches nearer to the shore; but
off the Carolina coasts it spreads out over a wide area, which is inhab-
ited by a rich fauna, similar to that investigated by ws off Martha’s
Vineyard. Many of the species are already known to be identical.

In the following summary table are shown the uxual range of varia-
tion and the approximate average temperature at the bottom in the
more characteristic zones of depth, beyond 20 fathomns, in summer:

: Approximate
| Fathoms. Usual range. averago.
| o, oT,
| 20to 25 45-51 49
! 25 to 58 4246 44
65to0 130 47-63 50
65to 150 40-53 49.5
150 to 200 43-50 . 47
| 200 to 300 4146 43
300 to 450 4042 40.5
450 to 600 40-41 40
h 800 to 800 30-40.5 30.5
| 800 to 1, 400 38-30 38.5

From this table and from the diagrams a few of the published tewmperature obsor-
vations, which were abuormally high, have been excluded, because they were prob-
ably erroncous, owing to a displacement of the index, or some other aceident.

A singular feature of the serial temperatures taken at many stations
is illustrated by Plates 1V and V. In twenty-nine localitics out of
thirty-six, where sufficiently full scries of temperatures were taken, the
temperature was lower at 20 to 30 futhoms than at 50 fathoms. Usually
the temperature falls pretty regularly fromm 5 to 30 fathowms. It then
rises.often three or four degrees, and sometimes eight to ten degrees,
at 50 fathoms, falling again at 100 fathowmws, but the temperature at 100
fathoms was often higher than at 30 futhoms. In some cases, as shown
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in Plate V, the temperature was lower (45° F.) at 30 fathoms tban
even at tho bottow, in 200 to 250 fathoms. There is, therefore, often a
stratum of colder water, in 20 to 40 fathoms, overlying the warmer Gulf
Stream water, between 50 and 100 fathoms, in this region. This stratum
of cold water may be a lateral extension of the cold water of the in-
shore plateau, sitnated at similar depths. Perhaps the greater density
of the Gulf Stream water, due to evaporation, may so nearly balance
the increaseo in density due to lower temperature as to make this a phe-
nomenon of constant occurrence at these depths.

It happened, not infrequently, that the surface temperature early in
the morning, wheu we usnally began dredging, was one or two degrees
lower than that at 5 fathoms, but during the middle of the day the sur-
face water was generally slightly warmer than that at 5 fathoms.
These changes are illustrated by some of the lines on Plates III and V.

NATURE AND ORIGIN OF THE SEDIMENITS—OCCURRENOE OF FOSSIL-
IFEROUS MAGNESIAN LIMESTONE-NODULES.

Lists of most of the stations occupied in 1881 and 1882 by the United
States Fish Commission steamer Fish Hawk have been given in a per-
vieus article. In the lists the general character of the bo.tom is indi-
cated, as well as the depth and temperature.

A detailed description of the materials covering the bottom in this
region cannot be given at this time, but certain facts observed by us
are of sufficient geological interest to justify a brief notice. At several
localities, but especially at stations 1121, 1122, and 1124, in 234, 351,
and 640 fathoms, respectively, we dredged fragments and nodular
masses, or concretions, of a peculiar calcarcous rock, evidently of deep-
sea origin, and doubtless formed at or near the places where it was ob-
tained. These specimens varied in size from a few inches in diameter
up to one irregular nodular or concretionary mass, taken at station
1124, in 640 fathoms, which was 29 inches long, 14 broad, and 6 thick,
with all parts well rounded. This probably weighed 60 pounds or more.
The masses differ much in appearance, color, texture, and fineness of
grain, but they are all composed of grains of siliceous sand, often very
fine, cemented by more or less abundant caleareous matter. In some
the grains of sand are large enough to be easily seen by the naked eye,
and small quartz pebbles often occur in them, but in others the sand
grains are so0 fine that a microscopic examination is needed to distin-
guish them. These fine-grained varieties of the rock are often exceed-
ingly compact, heavy, hard, and tough, usually grayish or greenish in
color. They usnally weather brown, from the presence of iron (probably
both as sulphide and carbonate). The sand cousists mainly of rounded
grains of quartz, with some feldspar, mica, garnet, and magnetite. It is
like the looge sand dredged from the bottom in the same region. The
calcareous cemonting material seems to have been derived mainly from
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the shells of foraminifera abundantly disseminated througlh-the sand,
just as we find the recent foraminifera, in the sameo region. In some
cases I was able to identify distinet casts of fornwinifera in therock. In
some piaces of the rock distinet fossil shells were found, apparently of
recent species (Astarte, ete.).

The larger masses appear to bave lLeen originally concretions in a
softer deposit, which has been more or less worn away, leaving the
hard nodules so ¢xposced that the trawl could pick them up. The age
of these rocks may, however, be as great as the pleistocene, or even the
pliocene, so far as the evidence goes.  Moreover, it is probable that they
belong to a part of the same formation as the masses of fossiliferous
sandy limestouoe and calcareous sandstone often brought up by the Glou-
_cester fishermen from deep water on all the fishing banks from George’s

to the Grand Bank. No rocks of this kind are found on the dry land of
this coast. :

The ebemieal composition of these liniestone nodules is of much inter-
est geologically.  Analyses made by Prof. O. D. Allen prove that they
contain a considerable amount of magneria. They are, theretore, to bere-
garded as magnesian limestones or dolomites of recent submarine origin.
They also contain a notable quantity of caleium phosphate. The presence
of the latter is not surprising, when we consider the immense number
of earnivorous fishes, Cephalopods, ete., which inhabit these waters, and
feed largely upon the smaller fishes, whose commninuted bones must, in
part at least, be discharged in their excrements.  In fact, it is probable
that the greater part of all the mud and sand that covers these bottoms
has passed more than once through the intestinal canals of living ani-
mals,  Tbe Kehini, Holothurians, and many of the star-fishes and worms
continually swallow large quantities of mud and sand for the sake of
the minute organisms contained in it, and from which they derive their
sustenance.

The following partial analysis of one of the limestone nodules is by
Prof. O. D. Allen, of the Sheffield Scientific School:

ANALYSI8 OF DEEP-S8EA LIMESTONE,

(Specific gravity, 2.73.)

LUl c et it i ie teemoe vece vameacname taccacatasctcssennneaneneaeea . s aans 24.95
Magnesinn ..o et it i e iiatiieieaceaceasecacancetsemaana e 14.41
Tron, eatimated a8 Protoxide .. cocvet ciiinienienomccrenscanseses. smeeanonnns 2.00
Insoluble residne. vovee. caet et it it tcn e e iee e [ 16,97

Turoughout the Gulf Stream Slope examined by us the bottom, in 70
to 300 fathems, 60 to 120 miles from the shore, is composed mainly of
very fine saud, largely quartz, with grains of feldspar, mica, magnetite,
ete.  With it there is always a considerable percentage of shells of for-
aminifern and other calearcous organisms, and also spherical, rod-like,
and stellate, sand-covered rhizopods, often in lurge gnantities. In the
deeper localities there is usually more or less genuine mud or ¢lay, but
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this is often almost entirely absent, even in 300 to 550 fathoms. The
sand, however, is often so fine as to resemblo mud, and is frequently so
reporte(l when the preliminary souudings are made and recorded. In
many instances, even in our deepest dredgings (over 700 fathoms), and
throunghout the Lelt exumined, we have taken numerous pebbles and
small rounded bowlders, of all sizes, up to several pounds in weight,
consisting of granite, syenite, mica-schist, ete. These are sowetimes
abundant aud covered with Actinie, etc. Probably these have beeu re-
cently floated out to this region, while frozen into the shore-ice, in win-
ter and spring, from our shores and rivers, and dropped in this region,
where the ice melts rapidly under the influence of the warmer Gulf
Stream water. Possibly much of tbe sand, especially the coarser por-
tions, may have been transported by the same agency. Aunother way,
geuerally overlooked, in which fine beach sand may be tn'zmsported long
distances, is by reason of its floating on the surface of the water after
it has been exposed to the air on the beaches and dried. The rising
tido always carries off a certain amount of fine dry sand floating in this
way. In our fine towing nets we always take more or less fine siliceous
sand, which evidently was floating on the surface, even at considerable
distances from the shore.

The prevalence of fine sand along the Gulf Stream Slope in this re-
gion, aud the remarkable absence of actual mud or clay deposits indi-
cato that there is here, at the bottom, sufficient current to prevent, for
the most part, the depesition of fine argillacecous sedimeuts over the
upper portion of the slope, in 65 to 150 fathoms. Bug¢h materials are
probably carried along till they eventually sink into the greater depths
nearer the base of the slope or beyoud, in the ocean basin itself, where
the currents are less active. It is probable that such @ movewment of
the water may be partly due to tidal currents, as well as to the actual
nerthward flow of the Gulf Stream, which is here slow, even at the sur-
face.* It is not probable, however, that the bottom currents are strong
enough to move even the fine sand after it has once actually reached
the bottom ; nor is it strong enough to prevent the general deposition
of oceanic foraminifera, pteropods, ete. 1 have above suggested that
the loose nodules of limestove may have been derived from softer rocks
or unconsolidated waterials Ly the removal orf wearing away of the
latter. The existence of actual currents sufficiently powerful to directly
eftect such erosion is not supposable. I believe, however, that such a
result may be due directly to the habits of certaiu fishes and crustacea

*“ Qur observations fully demonstrate that the western edge of the Gulf Streawm is
nearer the coast than it has hitherto been locuted on the charts. In summer, as is
well known, it is nearer the coast than in winter, but this doubtless applies strictly
to thoe surfuce waler. OQur rescurchos show that the warm belt in 65 to 125 fathoms is
inhabited by a pueuliar soutbern fauna that could not exist thereif the Gulf Stream
did not flow along this area at the bottom Loth in winter and summer. Butitis evident
that what many of these species require is not a very high but a nearly uniform tom-
perature. Such an equable temperature caunnot oxist in this region except undeor the
divect and constant influence of the Gulf Stream.






