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ABSTRACT

During the sumﬁer of 1950 on the 1lnsular shelf surrounding the
Near Islands, Aleska, 193 oceanographic stations were occupied from
abvoerd the U. S. Geological Survey vessel EIDER. Bottom character and
temperature observationes were made at these stations. The composition
and size distribution characteristics of the bottom semples have
been determined. Components of terrigenocus origin are angular to
subangular sand and silt and angular to well rounded granules,
pebbles, and cobbles, all composed of little-altered fragments of the
fine grained insuler rocks. Components of marine origin are the
skeletons of Foraminifera, diatoms, and sponges and the broken shells
of a few gpecies of mollusks and of omne echinoid species. A chart,
based also on the study of approximately 600 USC&GS bottom notations,
vas prepared to shov the distribution of these compoments of the
sediments. Bed rock is exposed on most of the shelf; where sediment
occurs terrigenous components are generally most 1lmportant near shore,
vhereas marine components are more important seaward of the islands.
Studies of the Foraminifera fauna end the diatom flora (identified by
K. E. Lohman) and the few mollusks of quantitative importance show
these organisms to be forms cheracteristic of cold or deep water or
occurring in a wide range of temperature econditions. The Foramlnifera
exhibit depth zopation which seems to be controlled in part by
temperature and in part by depth or some other variable which is a
function of depth. Sphericity and roundness studies made on pebbles

from the shelf, the beaches, and the fluvio-glaclal deposits together
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with shelf topographic features and Foreminifere from sediment
deposited before lce wastage was complete suggest the shelf was not
subjected to prolonged surf action during the post-glecial rise of
sea level.

To aid in interpreting the sediments and their distribution
several subaerial and marine environmental factors were investigated.
Those factors found to be of most importance 1in determining sediment
character and distribution are recent geologic history, nature of
terrigenous source materiel, temperature, topography, rainfall, size
ol source area, history of the water masa, waves, and currents. The
data derived from this study show the importance of climate as an
important variable in determining sediment character and distribution

in the Wear JIslands.
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INTRODUCTION

General Statement

An opportunity was extended to the Scripps Institution of
Oceanography by the Volcano Investigation Unit of the U. S. Geological
Survey working in the Near Jslands, Alaska, to study oceanographic
conditiong in this area during the sumrmer of 1950, Because the
emphasis of the expedition was geological, it was felt that the marine-
investigation should augment the work of the field parties ashore.

It was intended that this work should provide information of

value in interpretetion of the glacial and post-glacial history of

the 1sland mass from a gtudy of the echelf sediments in addition to

that which could be obtained from charte of the U. S. Coast and
Geodetic Survey. In addition to providing information for interpreting
local history, this study was undertaken with the hope that through

a detailed inveatigation of sediments and the environment in which
they are created and deposited, something of the relationships

between them might be learned. Subaserial and marine environmental
factors which seem to be of importance in determining character and
distribution of the sediments are subaerial and marine topography,
glacial snd post-glacial history, climaste, vegetation, soils, ageunte

of subaerial transportation, properties of the water mass surrounding
the Near Islands including temperature, salinity, and nutrient
characterlstics, also large scale semi-permanent currents, tidal
currents, and wind waves at different seasons of the year. Interaction

of these environmental characteristics controls the production
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of terrigenous and marine components of the sediments and their
distribution.

The fleld vork was carried out aboard the motor-vessel EIDER,
a 90 foot camverted hallbut schooner, whose primary purpose was to
transport the U. S, Geological Survey personnel and gear from the
continental United States to the area of investigation. The vessel
was outfitted in Seattle with a regular electric bethythermograph
winch, 1,000 feet of 3/32 inch wire line, and a davit to serve as a
boon for handling the oceanographic equipment. The EIDER departed
Seattle on July 1, 1950, and proceeded via the Insida Passage to
Ketchikan, Wrangell, Petersburg, and Juneau, Alaska. From Juneau
the route led across the Gulf of Alaska to Kodiak and thence along
the Alaskan Peninsula, through Unimak Pass into the Bering Sea and
west along the Aleutian Chain. GStops along the chain were mede only
at the islands of Unalaska, Umnak, Adak and Kiska for stores or to
seek shelter from storms. Massacre Bay or Attu Island, the tease of

operations in the Near Islands, was reached on July 28.

Field Methods

Information on dlstribution of bottom types is besed primerily
on the 193 etations made by the EIDER during the summer of 1950 and
on approximately 600 bottom notations which appear on the unpublished
"smpoth" manuscript sheets of the U,S5. Coast and Geodetic Survey.

The locations of EIDER stetions are shown in figure 2. A large
portion of the U.3. Coast Survey observations are in the shallower

vaters which surround the islands, although many are at greater
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depths. The character of the bLottom aiso was directly observed at
meny places in the clear shallow waters close to shore. In addition
to these direct obtservations of bottowm character, it is possible to
infer the character of the tottom from the topography in many areas.

Sanmpling was done on a grid system laid out on the insular shelf
in order to cover the aree insofar as possible during the time
available. The exes of this grid are aligned approximately NNE and
85W to conform with the elongetion of the shelf area. Stations gre
gspaced at a distance of two to three and one-half mileg within the
grid and at greater distances where sampling is less complete. The
sample network was amplified by numerous, closely spaced samples in
the vicinity of Massacre Bay on Attu Island.

Navigation was with compass bearings, dead reckoning, and echo-
gounding methods. Traverses were adjusted, where unecessary, by dis-
tributing the navigation error among the sample stetions on the tra-
verse in proportion to the total tire elapsed, assuming a constant
source of error throughout the traverge. Positions assigned in this
nanner wvere controlled by staetion depths.

Bottom sampling was with either a light coring rig designed by
Phleger (1951, pp. 3-4) or a clam-shell snapper similar to that
figured by Shepard (1948, p. 21, fig. 7). The Phleger coring appara-
tus obtains a core 1.375 inches in diameter up to 18 inches long. It
will not sawple pure sand or gravel, however, and when these boltowm
tyves were encountered the ¢lam shell snapper was used. The clam

shell snapper obtains apnrovimately one pint of the surface materianl

and also was used in all areas of rock bottom. The samples were
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stored.for shipment in either glass jars, plastic core liners, or
cloth sample bags.

Evaluation of a chart showing bottom character should be based
on the type of sampling apparatus employed as well as the density of
sampling. The question should be asked: "VWow well adapted is a
particuler device for providing a sample for suitable representation
of the bottom typet?" In the present investigation it is apparent
that the equipment was only partially adequate. Neither of the
primary sampling instruments used 1is ideal for study of the distri-
bution of very coarse sediments or ledge (bed) rock. A dredge
capable of bringing to the surface very large samples or of breaking
off fragments of ledge rock is desirable equipment, but such a device
was impractical with the facilities of the EIDER.

On the chart showing bottom types (fig. 4, in pocket) the
inshore areas are the most accurate because of density of sampling,
the distinctive topography, and the ability, in many places, to
observe the bottom. The accuracy decreases seaward and in some areas
(as eround the Semichi Islands) is based entirely on chart notations
and topography. Details of distribution of bottom types are infi-
nitely more complex over most of the shelf than is shown on figwe &4,
end the chart indicates only the most probable bottom type to be
found st a particular place.

Surface temperature measurements were made at all stations using
& bucket thermometer. In addition, a bathythermogreph, & device for
measuring water lemperature versus depth, was used at a large number

of stations, furnishing considerable detailed information on the



subgurface distribution of temperature.
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. i PHYSIOGRAPHY OF THE NEAR ISLANDS AREA

General Physiography of Near Islands Section of Aleutian Ridge

The Aleutisn Ridge 1s a long arcuate projection from the Alaskan

Peninsula which is more or less continuous the entire-distance to the
Kamchatka Peninsula of Siberia. This ridge forms the boundary
between the North Pacific Ocean on the south and the Bering Sea on
the north and in most areas limits the exchange of marine water
betvween these regions to the uppermost layers. The Aleutian Ridge,
the adjacent Aleutian Trench to the south, and the Bering Sea basin
have been discussed at some length by Murray (1945) who utilized all
available topographic date.

The general form of the ridge in the Near Islands region is
. ' similar In cross section %o that of the Sierra Nevada of California
wlth the north face of the ridge corresponding to the east face of

the Sierra Nevada. The sea bottom rises toward the north from the

maximum depth of h,200 fathoms in the Aleutian Trench with an average

gradient of approximately 5°. The descent to the bottom of the Bering
Sea on the north 1s at an average slope of approximately 12° to almost
2200 fathoma. This is the inverse of ihe condition which exists
farther to the west. A cross section through Umnak Island shows the
gteep slope to be to the south and the more gentle one to the north

(Murray, 1945). The slope north of tihe Kear Islands between the 100

end the 1000 fathom curves is greater than the averapge slope on
| either the north or south sides. On the south this slope between 100
ond 1000 fethoms averages approximately 10° and on the north it

averages avout 17 1/2°.




The submarine topography, as well ss the mggnitude of the slopes,
is different on the north from that on the south. To the south the
slope 1is irregular, beilng intersected along its length by a great
deep trough and several lesser valleys together with numerous sea
mounts which rise to considerable elevations above the adjaceni sea
floor. The slope on the northern side for much of the distance is
slong a straipght line which trends approximately W20°N and shows
neither pronounced valleys nor mountains. North of the western por-
tion of Attu this slope is more irregulaer: the trend chanpges somewhat
in direction to between west and W1O0°N, but maintains an approximately
straight line.

Transverse sags which occur more frequently and in greater magni-
tude toward the west divide the Aleutian Ridge 1nto natural geo-
graphic units, The Near Islands are the relatively small subaeriel
portions of one of these natural geographic units. The Near Islands
segment is separated from Buldir Islend to the east by a sag which
reaches a maximum depth of some 350 fathoms. The Komandorski Islaends
to the northwest along the continuation of the ridge are separated
from the Near Islands by the deepest sag in the ridge which atteins a
maximum deptin of slightly over 1800 fathoms.

The summit of the Near Islands segment of the Aleutian Ribe ie
an area, within the 100 fathom curve, of 23563 square navtical miles.
Located on this broad platf{orm are toe five islands which make up the
Near Islands group. The islands have an aggregate area above sea

level of 330 square miles, so that approximately one-seventh of the

geographic unit is available for direct study and more than 2800
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square miles are below sea level.

In general, the relief of the islands is greatest on the northern
sides of the islands (see figs. 21, 22, in pocket). Agattu Island
has a small range of mountains along its northern coast, the remain-
der being e lower gently rolling plateau of relatively insignificant
relief (see also Sharp, 1946). The greatest subaerial relief, how-
ever, 1s located along the northern margin of thesheilf area. On the
east the three small Semichi Islands and the Ingenstrom Rocks form a
continuous trend of maxinwm elevation, and on the west the mess of
Attu lies on the same trend and exhibits the same tendencies. The
sumnit elevations of Attu form a relatively horizontal accordant
platean; slopes from this plateau sre generally less sbrupt to sea
level along the southern coast than on the north.

The surface of the subaerial plateau of Attu has been 1nsized
deeply by the combined action of streams end glaciers, as have been
the surfaces of the other islands to & lesser extent. Glaciers
followed the courses of the many feeder and trunk streams, eroded
heavily, and produced its present contour from the youthful pre-
glacial topography. Most of the undulating pre-glacial surface has
been eroded ewsy leaving here and there smooth remmants which appear
to be unglacirted. These remnants are found along the tops of the
highest ridges and are separated from each other by deep U-shaped
valleya. All of the lower slopes of Attu, Agattu, and the Sewichis
have been extensively glaciated.

Most of the modern streams on Attu areAsmall and have a steep

gradient at the inner portions of thelr courses, coalence to form
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v terome

1arger.streams, and water the sea at a gentle grade which pppears o
be the result of post-glaciel deposition. On the smaller islaonds,
Agattu and the Semichis, the streams are numerous and small,

The physlographic age of the land surface of Attu is that of
late youth to early maturity. The mountainous northern portion of
Agatta is at a similar stage of development, but the lower plateau
of the south is in a stage of early youth. This plateau is alwost
completely undisected except at the margins end is covered by
numerous lakes gnd swamps.

All of the islands are surrounded by see cliffs which seem to
be in part the result of post-glacial wave action (Plates I, II).
This is indicated by the truncatlion of the wmlls of the glaciated
valleys by the sea cliffs. These clif fs vary in height from 50 feet
to a maximum of about 750 feet. The cliffs vary in height from 50 feet
to a maximim of ebout 750 feet. The cliffs are virtually continuous
except where they are broken by the trunk stream valleys, although
in many instances they extend up into the valleys (Plate II). The
small streams on Attu and the smaller islands either fall in & series
of cascades down these cliffs or have cut short, shallow, precipitous,
V-snaped canyons leading to the ses.

The extensive sea cliffs of the Near Islands are not in equili-
brium with the present level of the sea. All the most recently cut
large ¢l1iffs stand 10-30 feet above the present zone of wave attrck
and are separated from the sea by varyling widths of coarse shingle or
boulders and/or bare rock, sometimes with narrow grass-covered
coastal plaeins, Stacks and sea arches, no longer subject to wﬁve
erosion, are common in this low coastal zone.

12
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sea cliffs, narrow grags-covered
coastal plain, and wave-cut bench, southern
Attu,
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Filg. 2. Vide wave-cut bench of{ Mikhail Point,
gouthern Attu.
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Plate 1II

Aty oy Ty

« 1. Bay head, northeastern Attu, showing send
beach, beach ridges, and sea cliffs extending

up-valley.
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Fig. 2. Dead sea cliffs and wave-cut bench,
eastern Attu., Note road at base of cliff,
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Near Islands Shelf Topography

The insular ghelf area of some 2100 square miles can be divided
into several separate provinces for purposes of discussion. 1In
general the topography of all the provinces is quite irregular when
seen in detail, but when viewed on a smaller scale, the irregulari-
ties of some of the provinces become less important (see fig. 3, 1in
pocket). The field sheets of the U.S. Coast and Geodetic Survey con-
structed during the sumers of 1943-45 constitute the basic material
for a discussion of the topography. These sheets are prepared on a
sBcale as large as 1:20,000 from echo-sounding profiles taken at short
intervals so that the coverage 1s complete and detailed. A complete
treatment of the gubmarine topography with special regard to the
similarities with the subserial topography currently is being under-
taken by the Voleano Investigation Unit of the U.S. Geological Survey.
For this reason the detailed features will not be Btressed here, bdbut
only these aspects which are of significance in an interpretation of
the history of the insular shelf or in controlling volumwe sedimentao-
tion.

Four provinces cen be established on the basis of somewhat simi-
lar topography. These provinces are : 1) the narrow shelf ereas
north and southwest of Attu end the wider shelf east and south of
Agattu, 2) the zone of highly irregular hummocky topography lying in
general in 8 belt between Attu and tne Semichis and Agattu, 3) the
relatively smooth area both north and south of the Semichis, and k)

the inshore zone surrounding all of the islands,
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Narrow Shelves Around Attu and Agattu.

Broad valleys are the chief features of the topography of the

area north and southwest of Attu and east and south of Agettu which

differentiste this type from the others. These valleys are three to
seven miles wide and generally have rather flet bottoms. The sides
usually are steep in the inshore portion but may be low and gentle.
The valleys radiate from the inlands in directions nearly at right
angles to the shoras. They are narrower and deeper on the inshore
ends and become wider and more shallow toward the edge of the shelf,
most of them losing the character of valleys and merge with the shelf
vefore the break in slope is reached. These valleys originate in
' bays or bights in the coast line of the-islands end in most cases are
- the seaward extension of the heavily glaciated valleys of the islands.
Valleys of this type are best developed southwest of Attu. Here
the floors are in general quite flat with only wminor irreguwlerities
which are distributed in random fashion. The lerge vslleys east and
south of Agattu are gquite simllar in characteristics to them but are
ona grander scale. North of Attu their developwment is not so pro-
| nounced, but thelr existence can be detected easily off the two large
bays on the northeast coast. Extensive morainal ridges of rock bars
‘ characteristic of areas off valley glaciers which have extended for a
limited distance into the sea (Tarr and Mertin, 191k, pp. 221-22;
Davis and Mathews, 1944, p. b409) are nowhere to be found in these
. submarine valleys.

i The submarine valleys are separated by ridges or "noses" of

varylng size. The ridge which runs southeast from Agattu is well
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developed and continuous to the edge of the shelf, whereas the inter-

valley ridges southwest of Attu are smaller and lose thelr identity

a short distance from the land.

North of the central portion of Attu, coincidilng with the change
in trend of the insular slope, 1s en area of more complex basin-type
topography. The basin is elongated transverse to the general valley
trend and is roughly parallel to the trend of the lusular slope a
short distance to the north. There 18 general topographic disconti-
nuity along the extension of this basin which 1s particularly evident,
E'even at considerable depths, to the east but is also present to the
west.

The break in slope at the shelf margin is pronounced around the

entire insular shelf. This break is much sharper or the north and

east, with the inclination of the upper insular slope below the break
8s great as 45° in some places. The depth of the shelf break on the
north aversges approximately 65 fathoms. On the south' the breask in
'slope is more gentle and occurs at about 80 to 85 fathoms.

Shelf Betveen Attu, Agattu, and the Semichi Islends.

Lying to the south and east of the southeast cormer of Attu and
Iextending eastward almost to the Semichi Islands and Agattu is an
|area of very complex topogrephy. Viewed on the broadest scale the

topographic form is that of a large compound ridge which extends
irregularly to the east and south, becomes flatter, and ultimately
merges with the smoother sea floor. This broad ridge is broken into

more or less dilstinct segments by equally irregular valleys of
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varying lengths which more or less radiaté from the southeastern seg-
ment of Attu. The valley which limits this area on the west can be
traced to near the island, but the other valleys originate at some
distance offshore. The surface of the ridge has on it an irregular
pattern of hills, depressions, and closed bacins of various sizes,
Many of the larger hills on the ridge are as much as 150 feet high
above the lmmediate area, but some are very small. In the northern
half of the area some of these higher hllls extend to the surface at
lowest tide and constitute reefs which are dangerous to navigation.
The bagin depressions on the ridge generally are not as large as the
hille but are equally erratic in thelr distribution. This area is
the only portion of the insular shelf which exhibits this type of
topography on a large scale.

| The large ridge 1s bordered on the west, southeast, and the east
by deep elongate basins in which are found depths as great as 90
fathoms, the greatest on the insular shelf. These deep shelf-~basins
|lie in the general trend of the larger irregular valleys vhich divide
the rldge. The larger of these basins southeast of the ridge is
actually a compound basin separated into two portions by a narrow
rldge which runs in a direction roughly parallel to the northwestern
shore of Agattu and is crowned near its center by two small hills.

Shelf North and South of the Semichi Islends.

i The area which lies to the north and south of the Semichi

Islands can be considered to constitute a third general type of topo-
grephy on the insular shelf. It is similar to the broad valley type
18
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of topography, Qnd on the west it merges with the irregular lobe
southeast of Attu. The distinguishing feature of this province is
the general regularity of the bottom. None of the large flat-floored
valleys or irregular hills and depresslons are found, although lying
on the southern margin of the province are the elongate basins north
and east of Agattu similar in character to those on other parts of
the shelf. The bresk in slope on the northern part of this province
is similar to that north of Attu. Op the east the break in slope 1is

somewhat less abrupt and varies in depth from 65 to 75 fathoms.

Inshore Shelves.

The near shore zone surrounding all of the islands bes s similar
topography, & characteristic feature of which 1s the wave-cut plat-
form. The pletform or terraces whichb can be definitely assigned to
the near shore zone vary in width from a maximum of one-half mile to
alrmost nothing, and have their greatest development off the sharp
headlands separeting the deep bays on Attu and surrounding the
Senichi Islands. They often form long, Jjagged, boulder-studded reefs
extending outward from shore which may be expected throughout much of
their length at low tide.

Associated with these wave-cut platforms are the many stacks and
isolated boulders of the near shore zone. These features form a com-
plicated fringe around much of the shore which extends outward to a
depth of epproximately 10 fathoms. They are dbetter developed in
connection with the wide wave-cut platforms but ere not limited to

them, occurring wherever wave erosion has been sufficient to erode
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sea cliffa and where the country rocks are sufficiently varilsble 1in
resietance to wave action. This combination of circumstances occurs
with such frequency that only in the heads of the main bays which are
relatively protected from wave sction do sand or sand and shingle
beaches occur,

According to Shepard‘'s classification (1937, 1948, pp. 68-T79)
gome of the shore of Attu is a youthful coest line which has been
shaped by glacial erosjion end mibsequently drowned. Much of the con-
figuration of the coast line, however, may be the result of faulting
(fig. 21). Superimposed on these is the outline of a more mature
coest which has been made irregular by marine erosion. The coast
line of Agattu also fits the modified drowned glacial valley classi~
fication although somewhat less satisfactorily es the glacial velleys
are not prominent. The coast line of the Semichi Islands may be
considered a mature coast line which has been made irregular by

marine erosion.

Submarine Troughs

Other features of the physlography of the ridge which should be
mentioned mre the great submarine valleys or troughs which exist on
the south insular slope. There are two of these troughs, one which
virtually bisects the Aleutian Ridge between Buldir Islend end the
Neer Islands (see USC&S Chart 8863, 1944) and the other which origi-
nates off the southwest coast of Attu and extends in a southwesterly
direction to great depths.

Charts (USC&GS No. 9198, 1947 ed.) and the field sheets of the
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U.S. Céast and Geodetic Survey are sufficlently detailed to permit
the construction of a contoured chart of much of the trough lying
southwest of Attu. Such a chart furnishes the basis for a descrip-
tion of this topographic feature. The trough originstes Just within
the break in slope, lies along the axiel extension of one of the
major valleys on the island, and continues to great depths with only
minor deviations from this trend. There 1s no topographic continua-
tion between the two valleys; the insular shelf in the intermediate
area is devoid of eny indication of a major valley. The head of the
trough has a trend of S38°W, but with increasing depth, the axis
shifts in direction toward the west until at 2500 to 2800 fathoms the
axis trends N66°W. This shift in axisl alignment is evenly distributed
along 22 miles of the course of the trough.

The trough is approximately two and one half miles across the
500 faethom contour at the head and at this point hes a relief of 550
to 600 fathoms. The width becomes progressively greater, and at the
seaward limit of the 500 fathom curve it 3s 13 miles wide and has a
relief of 1000 fathoms. A maximum vertical relief of over 1800 fathoms
(over 7200 feet) exists in the trough.

The cross section of the trough is uniform in character through-
out the length with the sides sloping down smoothly to the flat valley‘
floor. Only the dimensions of the slope and the wldth of the valley
floor show significant differences. The eastern wall is the steeper,
sveraging approximately 25° in slope through the upper length of the
trough. The west wall has a slope of about 11° throughout much of

its length. The valley floor varies in width from about one-half
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mile at 900 fathoms to a maximum within the well defined trough
limits of 3 miles at 1500 fathoms.

The longitudinal profile of the trough 1is a series of trends
and risers which descend to a maximum known depth of slightly more
than 2800 fathoms below sea level. Three nearly horizontal treeds
are sepsrated by the risers which have a maximum inclination of 15°
between 1700 and 2800 fathoms. The average gradilent throughout the
length of 23 1/2 miles between 100 end 2800 fathoms is between six
and seven degrees. A basin appears to exilst below 2800 fathoms on
the deepest of the relatively horizontel treads.

This description of the dimensions of the Attu Trough indicates
something of its size and overall characterlstics. The trough, &
major topographic feature of the area, is somewhat larger than the
Monterey Canyon located off the coast of California. In addition it
is very similar in many of its details to the deeper portions of the
Monterey Canyon which lie below a depth of 850 fathoms (cf. Shepard
and Emery, 1941, pp. 72-78).

Little information is available on the trough betwean the Near
Islends and Buldir, but Jjudging from the chart, it is very similar to
the one off Attu. Both of the troughs have a similar northesst-
southwest trend, both descend to great depths, both are wide with
relatively steep walls, and both apparently haeve similar bottom topo-
graphy, although details shown on the published chart are not suffi-

cient to evaluate these characteristics definitely in the eastern

. trough,
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Extent and Duration of Glaciation

Study of the sea floor adjacent to the Near Islands sffords
important evidence of the former extent of Plelstocena ice on the
shelf. Part of this evidence was dlscussed in comnectlion with shelf
topography; other parts are considered below in appropriate sections.
Distribution of ice deduced from the direct evidence available 1s &
minimum, however, and actual extent of ice mat be inferred from
other conslderations. Extensive moraines snd areas of cobbles and
gravel and the shelf-basins show thet ice must have extended to the
shelf margin for considerable distances socuth of Attu and virtually
to the margin for the entire distance. South of Agattu the only
direct evidence to suggest glaciation is the wide rocky valley;
southeast and east of Agattu, however, cobbles end gravel and
irregulsyr hummocks were encountered scattered on the shelf and below the
break 1o slope. North and northeast of Agattu shelf-basins and
|cobbles also are found. Thesé occurrences shov the former presence
of glaclers on the insular shelf around Agattu, and the existence of
a very extensive body of ice can be Inferred from thig evidence.

| One looks in vain on the shelf for extensive developmwent of
|topographic features which could be interpreted as termins)l moraine.
A volume of rock probably measured in terms of cubic miles was
removed from the islands alone by glacilal action, yet the only
glecinl deposits reflecting to any degree such extreme erosion are
thoge found south of eastern Attu. Moreover, the low (250-300 feet
in elevetion) Semichi Islands were extensively glaciated as is

evidenced by both erosional and depositional featuree, despite the fact
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at they were apparently too low to serve as primary catchment areas
for snow. Glacial features of the Semichl Islands have a southeast-
northeast trend wvhich hag led to spsculation as to the former exis-
tence of a high land mass to the northeast of the present shelf area
which served as a source of glacial ice and has disappeared without
& trace in post-glacial time (H. A. Powers, personal commmnication).

This idea geems neither probable nor reasonable, however, is

an alternate suggestion, to explsin the lack of voluminous terminal
moraine and the glacietion of the Semichi Islands, the hypothesis is
advanced that the entire insular shelf was buxried beneath a Pleistocene
ice cap of considerable thicknessa. This hypothesls is suggested also
from consideration of the dimansions of the ice sheet as shown
by eubmarine investigation and topographic features of Attu and Agattu.
The present climate of the region in relation to nearby sreas where
large glaciers exist and the former extent of Pleistocene glacliers in

adjacent areas support such an hypothesis.

| Glaciers begin to form wvhen the rate of formation of ice exceeds

the rate of removal on some portion of the land gurface. If such a
land surface is mountainous the excess ice accumletes and begins to
flow down pre-existing valleys and to erode the bed. The floore of
cirques which ere formed in this process lie at a level which hes
been called the orographic snow line (Flint, 1945, p. 32) and furrish
a close, although generally somevhat low, approximation to the level
of the climatic snowline,

Elevation of the orographlc snow llne in the Near Islands

obtained from & study of elevation of cirque floors varies (see figs.
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I21, 22). In the interior of Attu it lies at the maximum elevation of
1250 to 1500 feet, descending to 1000 to 1250 feet in western Attu
and 700 to 1000 feet on the eastern portion of the island. On Agattu
the level is between 700 and 900 feet 4in elevation. From these date
it appears that the climatic snow line most probably lay between 1000
and 1500 feet elevation on Attu. The lower elevationlof approximately
900 to 1000 feet on Agattu (Sharp, 1946, p. 198, suggests 800 to 1000
feet) suggests thet glaciation may have been initimted at a slightly

~later period than on Attu when conditions had become more favorable

Ifor the accumlstion of ice.

The present snow line on Attu under most favorable circumstances
lies no lower than approximately 2400 feet, although smal)l patches of
snov may peraist the entire summer at half this elevation. One small
glacier lies at approximately the 2400-foot level on the northeastern
flank of Attu Mountain, the highest pesk in the imslands. The elevation
of climatic snow line 4s somewhat higher than that of the Alaskan
Peninsuls and the outer St. Elias Range where it has been plrced at
2000 to 3000 feet by Tarr and Martin (1914, p. 199), 2300 feet by
Flint (1945, p. 55), and 2000 feet by Capps (1932, p. 1L6), and is
lower than that of the eastern Aleutisns which is at a level of
approximately 3300 feet (cited in Sharp, 1945, p. 198). Climates of
these regions today are similar (Encyclopeedis Britannica World Atlas,
1951) although rainfall is somewhat higher and temperatures somewhat
Jower in the northern Gulf of Alaske along the St. Elias Range than
in the Aleutians.

Thickness of ice cen be inferred from the elevation at which
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peaks appear to have been glaciated. Where pesks were entirely
covered by ice this method gives & minimum rather than a maxjmum
thickness, however, as valley glaciers which exist during the period
of wastage tend to sap the peaks and ridges end destroy evidence of
former higher lce stands. Sharp (1946, p. 198) suggests from this
type of information that ice buried all of Agattu below at least 1000
feet in elevation. Similar observations on Attu suggest that the ice
surface was above 2500 feet in the intarior and 1700 to 1800 feet
along the coegt. Only the high peaks and perhape the highest ridges
of Attu seem to have been above the glacier surface during the
meximm extension of the ice.

| Ice flowed out of the confining velleys onto the shelf, spread
laterally forming great pledmont lobes whilch ultimately coalesced.
Originally nourishment was derived from the high interior regions,
but as these sources gradually filled the valleys until the ice
surfece lay above the ¢limatlec snowline, the coalesced piedmont lobes
became independent of the original Insular sources and behaved as a
true ice cep. To the north, west, and south of Attu the limit to
which ice could extend ia restricted by a nearby shelf margin. To
the east, hovever, a large area for expanslon exists. Ice flowing
radially from Agettu joined with the growing ice cap on the north and
flowed southwest and east toward the sea. South and east of Agattu
it 1s probable that the primary source still lay on the higher
elevations of the island, but the supply of ice was gufficient to permit

a solid sheet to extend to the shelf margin.

Ice flowing northward and northeastward from Agattu Joined with
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the ma;s spreading to the east from Attu and moved outward to the
ghelf margins on the northeast and east, burying the Semichi Islands
in the process. If a minimun thickness of 200 to 300 feet wme
necessary for flowage over the Semichl Islands and their abrasion,
the total thickness of ice on the present sea floor south of these
islands must have been at least 750 feet and the surface 2t an eleva-
tion of 450 feet above present sea level. The thickness of ice
undoubtedly decreased toward the east in the direction of flow.

These conslderations suggest that the center of the lce accumu-
lation for the eastern shelf moved to the east of Attu at the glacial
maximum and probebly centered in the area between Agattu, eastern
Attu, and the western-most Semichi Island. Elevation of this center
of eastward dispersal was probably somewhat higher than the ice of
Agattu, perhaps 1400 to 1600 feet in elevation above present sesa
level. From this maximumn the elevation of the ice cap surface
decreased to the north, east, and south, passed below the climatic
spovw line, and was dependent on the central sources for nourishment.

Shelf glaciation in the Near Islands waes indicated by Sharp
(1946, p. 198) when he suggested the lack of glacisl drift on Agattu
was due to the ice flooding off of the present island on all sides.
Capps (1932, p. 146-147) also recognized the probability of ice cap
formation and shelf glaciation when he stated (p. 167):

"In such of the larger and more rugged of the Aleutian |

Islands as were visited it is evident that each island

developed a seperate, individual ice cap, in whilck only the

higher peaks and ridges stood above the glacial ice, and the
glaclal movement was radislly away from the divides toward

the sea. Thus, Unalaska, Atka, Adak, Kiska, and Attu Islands
wvere each almost completely covered by glacial lce that not
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only filled the higher valleys but pushed out over the low-
lands to the sea, and it seems certaln that the other large
islands not visited, including Unimsk, Alun, Akutan, Umnak,
Kanaga, Tansga, Amchitka, and Agattu, each supported a
separate ice cap that covered most of the land swrface.”

Neither Capps or Sharp could have known the true extent of the lce in
the Near Islends, but their observatlons and inferences were accurate.
| These observations of Cappe and Sharp, the interpretation of
extent of Near Islands glaciatlon, and the bottom topography surround-

ing the major Aleutian Islands suggest that the entire Aleutian Arc
was buried beneath a continuous expanse of ice broken only at the
vwidest and deepest passes. The demonetrations of widespread shelf
glacistion soutb of the Alaskan Peninsula and Kodiak Island (Capps,
1931, p. 4; Murrey, 1945) and the work of Tarr and Martin (191L4) and
others on shelf glaciation ferther to the east, suggest that a tremen-
dous mass of ice extended far to the west along the Alaskan Peninsula
and Aleutian Arc. Thia ice must have blocked to a large extent
circulation of the gurface water between the Bering Sea and the North
Pacific. A similar though less extensive tongue of ice extended to
the east from the Kamchatka Peninsula where the eastern shelf also
has been glacisted (Antevs, 1928, p. 5; Flint, 1945, p. 355). Study
of charts and photographs of the Komandorski Xelands presented by
Stejneger (1896) in a report on fur seal rookeries of these islands
leaves little doubt that a simllar condition has existed on the insu-
lar shelves around these 1slands.

Gleciers vhich covered the insular shelf transported the large

volumes of rock eroded fromthe Near Islands to the shelf margin. To

gsome extent this material was deposited on the insular slope, but
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large pfoportions of it undoubtedly were rafted into the adJacent
oceans and devosited over wide areas by melting of the entraining
ice. Tarr and Mertin (1914, p. 203) suggest that the majority of
debris borne to the front of tidal glaciers is distributed in this
manner. Kerr (1936, p. 684) has shown from studies in Glacier Bay,
Alagka, which was recently occupied by a large body of ice, that the
bottom 1s kept scoured to bedrock soc that deposits of drift which
would be expected are those produced during wastage of the glacier
ice.

Sharp (1946, p. 198-99) has speculated on the recency of glaci-
ation and concludes, after ma consideration of the erosion of sea
¢liffs and post-glacial stresm gorges, that ice covered much of
Agattu at the outset of the post-glacial "climatic optimus" approxi-
mately 7500 years ago but was gone completely by its meximum., Study
of the shape and roundness of bottom pebbles, the unaltered submarine
Yopographic features formed by glaclal deposition southeast of Attu,
and the Forsminifera fauna contained in sediment deposited in deep
vater vhen ice wastage was virtually complete (see below) suggest
that extensive shelf ice wms stil]l present when sea level returned to
esgentially its present level. These interpretations seem also to be
in agreement with Kerr (1936, p. 691) who feels that the intense
alpine stage of glacimtion persisted inm British Columbia until 4500
to 9000 years ago. They ealso appear reasocnable in light of the
presently exlsting glaciera in the Gulf of Alaska where even the
small ones formed at low elevations extend virtuslly to sea level

(Tarr and Martin, 1914, p. 199).
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It is probsble that wastage of shelf ice, once initiated by
climatic change, was accelerated by melting induced by the sea and by
vave action and may have been very rapld. An extensive tidsl glacler
probably remained for some time southeast of Attu, however, to develop
the large moraine which is present. Valley glaciers feeding to the
sea from southeastern Attu could have been nourished by flow {rom
approximately one-£ifth of the island. This is the largest
drainage basin in the islands and originmates in the highest reaches.
Such a combination of conditions could have been sufficient to pre-
long the life of the southeastern Attu tidal glacier and make its
retreat relatively alow.

Post-Glaciel Changes of Sea Level

Sea cliffs around the Near Islands generally are separated from
the 2zone of present-day wave action by a raised beach or a rock bench
so that they apparently were formed under conditions of a relatively
high sea level which has ceased to exist. The vertical displacement
above intensive present-day wave action is between 10 and 30 feet.
Approximately this same elevatlon separates many sea ¢liffs in the
Aleutian Islands from the zone of modern wave action. Study of
photographs of the shore features of the Komandorski Islands in
Stejneger's (1696) report indicates approximately the same displace-
ment of sea cliffs above the zone of active wave abrasion also exists
in that region. This apparently higher level of the sea has been
tentatively correlated by many geologists with a eustatic rise in sea

level presumed to have occurred at the time of the post-glacial
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. ' climti;: optimum. This climatic optimum $s said to have begun 6000
to 7500 years ago (Kerr, 1936, p. 694; Sharp, 1946, p. 198) and to
have ended not later than 2500 years ago (Kerr, 1936, p. 694). From
the amount of erosion which has occurred since the sea ¢liffs have
ceased to be out this correlation does not appear unreasonable.

Such a correletion is circumstantial, however, and is fraught
with danger. Daly (1934, p. 163-164) recognized this and pointed out
that the apparent lowering of sea level since a post-glacial higher
etand also could be explained by a readjustment of the sub-oceanic
erust of the earth to the shifting of water loesd from land to sea
associated with deglaciation. Evidence from wave-cut benches at
alevations above present attack only tells us that a relative change

- , of level has occurred since the bench was cut.
. In the Aleutian Isglands the weight of a great volume of ice

SRR recently has been removed with an accompanying relaxation of crustal
gstresses. The removel of concentrated load may be presumed to have
an effect oo the relative elevation of the land. In addition, changes
in relative elevation may be occurring due to tectonic activity. The
effects of these changes of elevation of the land are superimposed on
those due to sea level changes,

Twenhofel (1952) has recently presented evidence from detailed
study to show that relative changes of level varying from 50 to 500
feet have occurred along the Alaskan coast since the period of maxi-
mum gleciation. The maxinum figure agrees well with Kerr's figure of
600 feet maxirmmm change in relative elevation on the same coast

. : (1936, p. 694). As a result of his study Twenhofel states (1952,
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. p. 523):

"Pregent evidence is insufficient to conclude whether the

shoreline uplift of the lend relative to the sea was caused

principally by postglacial rebound of the earth's crust as

a result of deglaciation or principally by orogenic movement.

A general lowering of seea level s8ls0 may be involved,”
Marner in another recent paper (Marmer, 1952) has given evidence from
long period tidml observations which seems to suggest, however, that
sea level 18 generally rising relative to the land along the East, Gulf,
and Pacific coasts of the United States. Less detalled informa-
tion suggests a relative fall of sea level im Boutheastern Alaska
vhich would seem to correlate with known tectonic activity or
deglaciation of the Alaskan region.

In summary, a relative change of level between the sea and the
land is indicated on the Aleutian Ridge. The data are insufficient

. to indicate the cause, however. It may be duve to 1) actual lowering
P ' of sea level because of climatic changes in the past 2000 to 3000

years, 2) tectonic uplift of the ridge, 3) rebound and uplift of the
ridge following deglaclation, 4) readjustment of the crust of the
earth beneath the sea floor due to increased weight of water in the

ocean basins following deglaciation, or 5) to any combination of these

and perhaps other causes.



DISTRIBUTION OF BED ROCK AND BOULDERS

A large portion (63.0%) of the insular shelf of the Near Islands
is shown on the chart of bottom characteristics (fig. 4, in pocket)
as bed (ledge) rock or large boulders. In the field this bottom type
vas assigned at stations when repeated lowerings of the snapper
failed to recover any sample or when the sample which was recovered
in several lowerings was made up of a few smald) graine of rock which
could be best explained as scattered fragments lying on a rock bottom.
It is possible that a pevement of cobbles and gravel would fail to
yield a sample. U. S. Coast and Geodetic Survey chart notations of
"rock"”, "rocky", "foul", "stony", or 'boulders" or where symbols for
kelp are present were all considered to indicate bottome classified
as rock. Either highly irregular topography or angular but rela-
tively smooth topography assoclated with these notations was used ss
additional evidence, In some instances isolated pinnacles which
extend to consideradble elevations above the adjacent floor were con-
sidered to be rock or boulders, even tbough surrounded by other bottom
types.

Bed rock or boulder bottom i{s found surrounding all of the
islande to depths whlch average more than 50 fathoms. The island-
girdling belts of rock bottom extend entirely across the shelf and to
an unknown depth below the break In slope along much of the northern
margin of the iInsular area. The broad belt of rock 1s slso found
across the shelf and below the breek in slope east and southeast of

the Semichi lslands and east of Agattu. BExceptions to this generalized
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diﬁtribution wvithin the SO fathom curve sre found at the ﬁeads and
along the axes of the deep bays off the mouths of the rivers or along
the extension of such an axis and in the reglon of hummcky topo-
graphy which lies moutheast of Attu. Table I gives the distribution
of rock bottom aB a percentage of the areca contained within succes-
give 25 fathom depth increments. The general essociation of rock or
large boulders with the flat floored bottows and sloping sides of
the wide submarine valleys and with much of the great lobate mound

lying southeast of Attu is of interest.
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Depth Distribution of Bottom Types

Table I

Area Per Per Cent Per Cent Per Cent Per Cent Per Cent
Depth Within Cent of of of Aren of Area of Area of Area
Increment Depth 1 Total Aresa Cobbles Rockg/ Distomaceous Glacial-
{in fathoms) Increment Area Rock and Gravel Sand: sand Marine
0-25 260 12.4 72.7 8.9 18.0 0.0 0.0
25-50 577 27.h Th .4 17.9 8.2 0.0 0.0
50-75 968 Lhe.1 62.8 2.9 2.2 7.1 6.4
75-100 225 10.5 36.9 2.7 0.6 27.4 32.4
below 100 75 3.5 15.7 1.4 0.0 0.0 83.0
1/ 1In square nautical miles.
2/ 1Including shell fragments.
35
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DESCRIFPTION OF COARSE MARINE SEDIMENTS

Coarse marine sediments of the Near Islande are cobbles and
gravel (Plates III, IV); those collected veried in size from e cobble
with maximm dimensions of 11.7 x 10.5 x 6.2 cm. to gravels with a
maximum diameter of about 0.5 cm. Sampleg of this material wvere
characteristically well sorted within these dimensions; finer material
of gand or gilt size was almost never present.' The maximum size of
collected cobbles 1is close to the maximum size which could be collec-
ted with the eampling geer, so that the fallure to recover larger
objects does not necessarily indicete theilr absence. The maximum
size of cobble which can be collected with the sempling equipment in
effect determines the minimum size of the boulders of the rock bottom
clasgification. However, repeated sampling attempts insure that
fragments of this asize or larger must floor the bottom where the term

rock was applied.

Distribution

The areal distribution of cobbles and gravel is shown on figure
l, and the depth distribution is given in Table I. The largest zone
of cobbles end gravel occurs eouth and southeast of Attu extending in
to & small erea inshore. The inper portlons of this zone are marked
by the extremely irregular topography characterized by abundant rela-
tively small hillocks and basin depressions assoclated with the topo-

graphic lobe scutheast of Attu. To the south the lobate topographic
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mass 18 flanked by areas of cobbles andlgravel which do not exhibit
the irregular topography to a marked degree. On the east the topo-
graphy also is relatively subdued. Beyond the limits of the irregular
lobe in this direction several small, isolated hillocks and depres-
glons are found; in general, however, there is no marked topographic
Torm associated with the deeper areas of cobbles and gravel.

South of the central portion of Attu off the mouths of the deep
bays isoclated areas of cobbles and gravel ere found. No marked
irregularities of topograpby are associated with these deposits,
although a number of low, rocky or bouldery eminences are present
nearby. Severasl smll patches of cobbles and gravel are present
southeast of Agattu. No marked topographic features are associated
with the deposits, but here also low isclated hillocks are present
in the geperal area.
| Table I shows the slight concentration of the area of cobbles
and gravel in the 25-75 fathom depth increment relative to the per-
centage of area between these depths. Cobbles and gravel are most
abundant in the 50-75 fathom increment where 60.1 per cent of the
total area of cobbles and gravel occurs. None of the cobble and -
gravel areas between 50 and T5 fathoms is associated with maJof topo-
graphic features aside from low isolated sounds and small basin-like

depressions.

Petrography
Rock types represented by the cobbles and gravel are of great

variety. The rocks of the islands, of which the bottom samples are
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repreaéntative, wvere originally igneous of intermediaste to basis
character or sedimentery of the graywacke sulte and generally fine
grained to aphanitlc in texture. These rocks are hornblende andesite
and related intrusive rocks, basaltic hornblende-augite endesites,
gabbro end essociated intrusives, basaltic lavas, siliceous sodic
andesite to latite lavas, siliceocus siltstone and fine grained ssand-
stone, some carbonate and chert, and fine to medium grained tuffs

(H. A. Powers, personal commmmication). Conglomerates containing
these petrographic types also exist on the islands but no samples of
the conglomerate were collected from the shelf. The rocks have been
subjected to low grade metamorphism involving rather extensive
alvitization and siliecification. No high or medium grade metamorphism
has been found in rocks of the islands. Despite the original differ-
ences 1n composition which were present, metamorphiem has resulted in
the formation of & number of rock types which are quite homogeneous

in hardness and resistance to mechanical erosion.

Incerustations

Many of the cobbles and gravels are heavily incrusted with
calcareocus and other organisms, particularly those pebbles from
shallow water in somewhat protected sreas, some of which are well
rounded. Bryozoa and calcareous algae are mast abundant as incruste-
tions, but sponges, mussels, small solitary corals, gastropods, cal-
careous worm tubes, and Foraminifera also are common. Many of these

incrustations are quite delicate, those formed by the bryozoans often

consisting of lengthy, branching, calcareous projections (see Plate
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IV, fig. 1). The incrustations are found normally on only one eide
of pebbles collected from water deeper then 50 fathoms; however, some
of the pebbles from shallow water, usually less than 25 fathoms, are

aelmost entirely enveloped by calcareous materiasl.

Shape and Roundness

Shape end roundness of s large number of the cobbles end gravels
collected from the bottom have been measured. The determination of
shape wes made on pebbles from 5 to 50 mm. In maximum diameter by
measuring the lengths of the three mutually pefpendicular axes of the
pebbles, labeled &, b, end ¢ where a? b )¢ and plotting the ratio of
b/a against c/b. This measurement of shape hes been used by Krumbein
(1941) and correlsted by him with Zingg's (1935) shape classification.
In thie classification pebbles with values of b/a <2/3 and c/b <2/3
are termed "bladed”, those with b/a> 2/3 and c/bd{ 2/3 are "diace",
those with b/a< 2/3, ¢/b> 2/3 are "cylinders", and those with values
of b/a and c¢/b)> 2/3 are "spheres” (see fig. 5D). Roundness on the
same pebbles wae determined by visual comparison with a scele ranging
from 0.1 to 0.9 also published by Krumbein (1941).

Shepe and roundness of pebbles of similar size collected from
different beaches and fluvio-glacial deposits om Attu also were
measured in order to provide comparison with the shelf pebbles.
Figure S5A, B, and C shows the results of these measurements. Figure
5D gives the averages of the shelf pebbles, beach pebbles, and
fluvio-glacial pebbles with different degrees of roundness and the

average of all Near Islands pebbles with roundness of 0.5 or less.
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Discugsion of Shape and Roundness

The shape and roundness of pebbles from beach and fluvio-glacial
deposites in the Near Islands have been studied in an attempt to gain
ingight into the abrasion hilstory of the shelf pebbles. Scatter
disgrams of shapes 0f pebbles, together with average values appear in
€igure 5. The average shape of relatively unworn pebbles also is
indicated. The positions of the average values (fig. 5D) differ by
emounts which appear to be significant, with the beach pebbles being
congiderably more discoid in shape than either the fluvio-glacilal
pebbles or the shelf pebbles.

This apparent significance has been investigated further by
separating the beach, fluvio-glacial, and shelf pebdble collections
into fractions depending upon the degree of roundness. In order to
do this, pebbles of roundness 0.6 mnd above were grouped together, as
were those with roundness of 0.5 or less. This separation was
arbitrarily chosen in order to note the relationship between shape
and roundness of pebbles which have asuffered different degrees of
vear., Flgure 5D gives the average shapes of all the well rounded
pebbles from each environment determined in this manner. Several
interesting relationshipas are apparent from a study of this graph.

l. The average shepe of poorly rounded beach pebbles 1s

very similar to the average shape of all the poorly
rounded pebbles (and presumably with the average
initial shape of detritel pebdbles).

2. The shape of the average well rounded bdbeach pebble is

much more discoid then the shape of the average beach
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FIGURE 5
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pebble or the average poorly rounded pebble.

3. The average shape of all well rounded fluvio-glacial

pebbles or bottom pebbles 1s more spherical than is

~ the average shape of all pebbles from either of these
types of deposits. It elso is more spherical in shape
than the average of all poorly rounded pebbles.

4. The average, poorly rounded, fluvio-glaciel or bottom
pebble is more discold than is the average of all the
pebbles from either of these environmentas (not plotted).

5. The displacement of the averege well rounded and worna
pebbles from any of the deposits from the shape of the
average poorly rounded, little worn pebdle is, in all
cases, principally e horizoatal displacement on the
graph involving the ratio of the ahort to the ioter-
mediate axes. The displacement of the beach pebbles is
toward smaller values of ¢/b from the position of the
average unwvorn pebble, whereas the fluvio-glaciael and
bottom pebbles are displaced toward larger valueg of
this ratio. It should be noted specifically in connec-
tion with this point that values of ephericity (inter-
polated from the curves of fig. SA, B, and C) are often
not adapted to show this change. Two pebbles, one a
disc and the other a c¢ylinder, can have the same
sphericity value, so thet this meesure of shape alone

is not sufficlient, nor perhaps even significant.
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fhe questlon of the effect of beach wear on pebbles is one vwhich
often has been discussed by geologlsts. Wentworth (1922b) studied
pebbles on two New England beaches and concluded, after comparing the
roundness and sphericity, that beach wear produces a pebble which is
more spherical than originally. His study does not include an inves-
tigation of the original shape of the pebbles nor of the effect of
sorting on pebble shape in the deposit. Landon (1930) studied the
effect of veach transportation and wear on pebbles on the western
shore of Lake Michligan. His work involved, rot only a study of
original shapes and the change in shape in the direction of transport,
but also leboratory experiments to test the effect of sorting on
disca and more spherical pebbles. He concluded that pebbles bveing
vorn on the beach are first made more spherical but, with still
longer wear, become more discoid (flatter), amnd that the more spheri-
cal pebbleg are carried more quickly to deeper water. OGrogan (l9h5,
P. 9) reached somewhat the same conclusions on the effect of abrasion
on shape after studying some Lake Superlor beach pebbles.

These three studies of beach pebbles, together with the pregent
study, have one point in common. They are all based on a statistical

analysis of wvhat is present on the beach at the time of sampling and

report, correctly, that beach pebbles tend to be discold in shape.
The experiments of Landon, however, should serve to emphasize the
danger of drawing definite conclusions regarding the effect of beach
vear on shape based on a8 study of indigenous populations. His demon-
stration of the tendency for spherical pebbles to move out of the
beach zone and discold ones to remain can be corrovorated on any
beach by throwing a handful of pebbles of various shapes into the |
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zone of wave action and obgerving the effects. The passage of two or
three waves is sufficlent to remove the pebbles which roll easily,
vhereas the discoid pebbles tend to remaln behind.

Statistical studies of what is present at a particular time
lgnore the effect of source in determining the measured shape,
because they do not counsider the number of pedbles involved in pro-
ducing the observed distridbutlion, nor the characteristics of this
origingl msterial. Any large number of pebbles contains some which
are more or less discold. If these are passed through the beeach
zone, and the discoid pebblea sre the only onees which remain, the
average sbape will be that of a disc, This does not meen that the
discs were produced from all the availlable shapes by wear on the beach,
however., A faemjilier exsmple in polot is the effect of wave action on
a recently collapsed segment of a sea cliff. All possible shapes are
produced by the mechanical disintegration of the original rock dody.
Continued wave and current esctlon reduces the rubble pile at the
cliff base until finally there remains only discoid fragments or
blocks too large to move. These particles increase in roundness with
continued weer. Agitation on the beach, however, has not made discs
of all available particles but has removed all those which were not
in equilivrium with the exlsting condltions. Some fundamental difference
should exist between beach and stream wear for discs to be produced
on one and spheres or cylinders to be produced in the other

(see Wentworth, 1922, 1922a). This fundamentsal difference is not

apparent.
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Tﬁis is not to say, however, that the shape of objects which can
stay in the beach zone is unmpdified by beach processes. Sliding
action of pebbles over s sand bottom or the rush of smaller sized
particles striking a larger one in the smash of a returning wave are
capable of producing some flattening of the larger pebbles. This
effect would be of primary importance to those pebbles which could
exist in the beach zone for the longest time, an sbility which
appears to be a function of their diescoidality. It is little wonder
that the most rounded pebbles in the beach zone are normally the
flattest.

These observationa suggest that the shapes of abreded pebbles
are principally a function of their original shepes and their
cleavage tendencies, and that beach pebbles ere dlscoidal 1n shape
primaxrily because of the effect of sorting end secondarily because
of beach wear. This suggestion can be proved only when homogeneous
objects of known initial shape have been gubjected to beach wear over
a period of time and the effects of this wear measgured.

I{ hbility to errive at definite conclusions as to the effect of
beach wear on pebble shape doee not prevent use of the shape and
roundness data to evaluate the abrasion history of the Near Island
shelf pebbles. A correlation between a high degree of roundness and
discoldality (low values of c/b) and a low degree of roundness and
lower discoidality (higher values of ¢/b) has been demonstrated for
the Near Islands beach pebbles. An opposite relationship (high
degree of roundness with high values of ¢/b and low degree of round-

ness with lower wvalues of c/b) exists between roundness and shape in
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the boétom pebblees. These relationships and the foregoing analysis
show that the bottom pebbles could not have been subjected to beach
wear for any period of time. On the other hand, the bottom pebbles
show close affinities with the fluvio-glacial pebbles in the relation-
ships between roundness and the ratio c/v.

The presence of abundant incrustetions produced by marine
organisms also must be evaluated. The occurrance of these forms on
only one side of pebdbles found at conslderable depths indicates that
the pebbles at depth, many of which are well rounded, are not being
agitated at present. At shallower depths some of the rounded pebbdles
have incrustations, often long and branching, on only one side,
wherﬁae others are almost enveloped by e calcareous layer. This
evidence suggests that the pebbles at shallow depths may or may not
be agitated, depending on local circumstances; nevertheless, the
egitation appears to be too gentle and/or sporadic to produce the
roundness observed. These considerations indlcate that the bottom
pebbles have not been abraded to any appreciable degree by marine
agents. The development of the high degree of rounding which is
observed on many of the bottom pedbbles must have been produced in an
earlier cycle by sgents similar to those which produced the fluvio-

glacial pedbbles,

Summary on Coarse Marine Sediments

Topographic evidence, both subaeriel and submaerine, and litho-
logic evidence from the deposits themselves indicate the cobbles and

gravel of the shelf must have been emplaced by glaclers which flowed
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out fr;m the lslend centers and coalesced on the shelf. In the area
south end east of eastern Attu s large moraine is indicated. Around
the periphery of this moraine, and in other areas where the cobbles
and gravels are associated with mo striking topographic feature,
ground moraine or possibly fluvio-glecial deposits occur. These
deposits seem to be thin as suggested by the lack of any distinctive
topographic expressjion. Where fine material originally was present

in the deposit it has been removed by winnowing action of currents,

leaving a lag concentrate of coarse material on the surface. It appears

that marine processes have not been able to alter the topographie
expression of the deposits, and neither have they rounded the pedbbles
by abrasion. This is a situation similar to that existing in the
deposits off the northeastern coast of the United States described
by Shepard, et al (193k), Shepard (1948), Stetson and Schalk (1935),
and Stetson (1938, 1939), and in the North Sea by Lilders (1939).
Continental glaciers invaded parts of these areas now covered by the
seg and left deposits of glacial moreine and outwash which have main-
tailned their topographic form despite action by the sea.

Deposits of cobblers and gravel are considered to be marine sedi-
menta because they have been modified by marine agents and occur in a
marine environment. Original emplacement of such sediments by
glaciers or agents assoclated with glaciers means that the bulk of
the deposit in a thick section would exhibit the characteristics of
glacial drift. However, winnowing of fine sediments from the surface
layers and addition of the remains of marine organisms to the

winnowed layer produces a deposit with the characteristics of a bvasal
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| conglomerate to younger sediments overdying the glacial drift. Such
a conglomerate, if expogsed in the geologic column, might be Inter-
preted to indicate sinking of the land and a resulting marine

invasion.
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DESCRIPTION OF FINE GRAINED MARINE SEIX MENTS

Ceneral Statement

Marine pediments of the Near Islands shelf offer an opportunity
to study the relationship between the environment and the sediment
components and distributions which are produced. Terrigenous com-
ponentes of the sediments have as their only important source the
pearby island masses of known charecterilstics. Thise single source
removes the possibility of mixing of terrigenous sediments from a
variety of environments such as are found nesar mouths of many large
rivers. Simllarly, biological components of marine origin are pro-
duced under conditions which do not eppear to vary wldely from year
to year, although thegse conditions are not entirely of local origin.

Within fine grained marine sedimepte are included deposits which
are considerably finer in average particle size than the cobbles and
gravel discussed above. Marine deposits constltute, so far as is
known, a relatively thin blanket of material which 1s generally dis-
continuous in areal distribution. The components are partly terri-
genous and partly marine in origin. Terrigenous constituents are the
result of rock destruction, and the marine components are skeletons
of various types of marine invertebrate organisms.

A classification tetrahedron as discussed by Pettijonn (1949,

p. 187-191) may be used a8 a8 framework for a primary classification
of the components of the fine greined merine sediments. This device
makes use of the end memver concept in which different sediments are
considered as belng composed of varylng percentages of the same four -

end members. The composition of a sediment sample which contains all
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four end members plots as & point in Bpace within the tetrahedron;
the position depends on the relative proportions of each end rember.
More common are sediments which contain no more than three of the
possible primary components. The composition of such a sample is
repreeented on one of the four equilateral triangles composing the
faeces of the tetrahedron and appears as & point on a conventional
triangular diagram. Tetrahedrons and triangular disgrams of this
type ere shown in figurea 6 and 7. The four end members into which
the insuler shelf snd uppermost slope sediments have been divided
are: 1) terrigenous sand consisting principally of rock fraguents,
2) shell fragments, mostly of larger organisms, chiefly echinoids and
pelecypode, 3) smaller organic remains consisting of the tests of
diatoms and Foraminifera and the spicules of sponges, and 4) pebbles
and granules which are found intimately intermixed with (1) and (3)
in some areas.

Components of Fine Grained Marine Sediments

Rock Fragment Sand.

Detritus of this type 1s found in verying proportions in all
marine sediments of the Near Islands shelf. It constitutes the major
portion of deposits occurring close to shore and is abundant in all
sedimentary types. The chief distinguishing feature of this material
is 1ts composition. Fresh to somewhat weathered fragments of the
diversified flpne-grained to aphanitic rocks of the islands are the
dominant constituents. This materisl constitutes elmost 100 per cent

of the sand-sized fractione larger than 0.25 mm. in diasmeter. Small
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amount; of plagioclese feldepar and chert fragments also occur in the
coargser sand. Monomineralic grains are more abundant in sizes
smaller than 0.25 mm. This trend contlinues with decreasing graln
g8ize, 8o that the size fraction between 0.088 and 0.062 mm. in dim-
meter has plagioclase feldspar the most abundant constituept followed
in order by rock fragments,chert, auglte, black opaque minerals
(principally magnetite), and hypersthene. Other minerals are com-
paretively rare and are found only in the smallest size frectionms.

Rock fragment gand ranges from 2 mm. in maxjinmum dlameter +to
coarge silt, approximately O0.04 mm. in diemeter, and is angular to
sub-angular, generally exhibiting little effect of wear.

Rock fragment send may be derived from present-day erosion of
the islands by streams or waves, from older glacial deposits, either
subeeriel or submarine, or stream deposits by reworking. It alsoc may

come from erosion of the bottom by waves and currents.

Shell Fragments.

Broken aend comminute fragments of the shells of various inverte-
brate marine organisms which live on the Near Islands shelf constitute
2 significant proportion of the marine gediments in certain areas.
Thie material generally is of coarse sand slze or somewhat larger,
and in some places may consist in part of unbroken shells, although
such occurrences are not common. The areas of shell fragment occur-
rence coincide with the inshore regions of rock fragment sand where
the shell fragments occur as a dilutent. Shell fragments normally

constitute a small proportion of such deposits and only in isolated
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instances constitute a relatively pure sediment. Shells are included
with rock fragment sand where rock sand alone is indicated on the
chart of sediment types and no attempt 1g made to designate specifi-
celly shell fragment distribution (see £ig. U4).

The shells of a number of megascopic organisms such eBs pelecy-
poda, echinoids, gastropods, calcareous worms, and bryozoans contri-
bute to the deposits. Of these, however, the common edible mussel,

Nytilus edulis Linnaeus (W. R. Coe, personal communicetion) and the

small spiny echinoid, Strougylocentrotus purpuratus (Stimpson)i/ are

generally the most abundant. Mytilus edulle 18 extremely tolerant to

temperature, being able to survive for protracted periods in water
ranging in tempersture from 0° to 32°C and for a limited time in
water as cold as -1°C. This organism has a wide geographic range,
occurring from Patagonia to Peru in the Southern Pacific, Mexico to
the Arctic Ocean end Japan in the Northern Pacific, and in the
Atlantic from New Jersey to the Arctic Ocean and south to Madeira.

Strongylocentrotus purpuratus also is a tolerant form, living strictly

in the littoral zone of outer coasts from Alaska to Cedros Island off
the coast of Baja Californis (Mortensen, 1943, vol. III, Pt. 3, pp.

236-47; Pratt, 1935, p. 723; Ricketts and Calvin, 1948, p. 130).

1/ There is some uncertainty as to the specific identification of
this echlnoid; specimens collected for identification were crushed
during transport. The identification 1s based chiefly on the univer-
sal purple color of the living specimens. The alternative is
Strongylocentrotus dropachiensis (Miller) which is a common circum-
polar Arctie form with a bathymetric range from the littoral zone to
coniiderable depths (Hortensen, Th., 1943, Vol. III, Pt. 3, pp. 198-
215).

54



Diatom&, Foraminifera, Sponge Spicules.

Theese components of the marine sediments are found in all 6f the
depoelts studied. Small amounte occur in the inshore deposits which
conslast chiefly of rock fragment sand, but the principal occurrence
is in the offshore sediments. Both the shelf basin and the outer
shelf and upper slope sediments along the southern margin of the area
contain relatively high percentages of these micro-organisms. Where
relatively pure, the material occurs as e fine grained, slightly
yellowish green (when dry) massof dilatoms and Foraminifera laced
through and held together in a coberent mat by a framework of sili-
ceous sponge splcules. Dilution by other components destroys the
tendency of the material to cohere, but the greenish color persists

because the color of the common dilutents 1s also greenish.

Diatome., Diatoms from one bottom sample were identified by
K. E. Lohman of the U. S. Geological Survey. This sample (E 198)
yielded the following assemblege of diatom speciles.

(R = rare; F = frequent; C = common; A = abundant)

Actinoptychus senarius Ehrenberg R
ep. R
Arachnoldisons camaruensis (Schmidt) Brown F
sp. F
Asteromphalus brookeil Bailey . F
Aulaeocdiscus sp. R
Biddulphia aurita (Lyngbye) Brebisson and Godey C
EpP. R
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. : Cocconsis cf. C. antigqua Tempera and Brun ' R

Bald jiklana Grunow ¥

sp. eff. C. baldjiklana Grﬁnow R

costate Gregory _ \ F

decipiens Cleve . F

fulgar Brun F

cef. C. grata Schmldt R

hetoroidea var. curvirotunds Tewpara and Brun R

inflexa Schmidt F

pellucida Grunow III F

placentula Ehrenberg _ R

sp. aff. C. sigma Pantocsek F

6pD- F

‘ Coscinodiscus crenulatus var. nodulifer Lohman R
et A curvatulus Grunow ¥
curvatulus var. minor (Ehrenberg) Grunow F

excentricus Ehrenberg ) c

lineatus Ehrenberg c

cf. C. marginatus Ehrenberg F

ocuwlus~iridis Ehrenberg A

oculus-iridis var. borsalis (Bailley) Cleve P

radiatus Ehrenberg F

|-' ) subconcavus Grunow R
é(’l sD. F
- Centicula lauts Bailey : A
Diplonels cf. D. smithil (Brebisson) Cleve R
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Endictya robusta (Greville) Hanna and Grant r

Intoplya sp. R
Cowphenema exigun Kntsing R
Hyaloiiscus sp. ) - F
Iethmia sp. _ : R
Liradisescus sp. R
Malosira clavigera Grunow R

8p. R
Mastoglie sp. R
Navicula pennata Schmidt | F

8p- | ’ R
Podosira hormoldes var. adriatiea Grunow R

Ahabdonena cf. R. arcuatum (Lynghye, Agardhn) Kutsing R

c¢f. R. arcuatum var. robustum (Grunow) Hustedt

aroziari (Ehrenberg) Fricke R
Rhizosclenia sp. : F
Stephanopyxis turris (Greville and Arnott) Ralf's R

turris var. intermedie Grunow R
Synedra kamtechatice Grunow R
Thelassiosira sp. F
Thalassiothrix longiseima Cleve and Grunow A
Trachyneis aspera (Ehrenberg) Cleve R
Triceratium articum Brightwell R

ef. T. formosum Brun ’ | R
Xanthiopyxlie ovalie Lohman F
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In his covering report, Ilohman makes the following statementsa

concerning the age of this flora.

"A lexrge proportion of the diatoms in the assemblage ere
extinct and occur in beds in the vicinity of Sendal, Japan
which were originally called Pliocene in age by Tempere and
Brun in 1889. A study of the assemblage obtained by Tempere
and Brun from Sendal indicates, on the basis of the diatoms
themselves, that many of thelr species are confined to rocks
of middle and upper Mlocene age in California and Hungary.

It is entirely possivle that the Sendail beds may contailn
both Miocene and Pliocene rocka. The Japanese refer to them
merely as "Tertiary” and “Neogene".

"With the exception of Arachnoidiscus ocamaruensis, which
ie known only from lower middle Miocene rocks 1n Java and
Oligocene rocks in New Zealand, the other extinct species in
the present assemblage also occur in the lower Pliocene
Sisquoc formation in the Purisims end Casmalis Hills, Santae
Barbara County, Californie. Although I have studied the
diatoms throughout a stratigraphic thickness of 2600 feet in
the Sisquoc formation, Arachnoidiescus cesmaruensis has never
been found there. Furthermore, the Siequoc formation contains
many specles which Tempere and Brun described from the Sendail
beds, but does not contain those Sendal specles which are
known only from Miocene rocks elsewhere. The Monterey forma-
tion of Miocene age underlying the Sisquoc formation in the
same reglon does contain those other species of Tempere and
Brun which have caused several workers, lncluding myself,
to believe that the Sendaj beds include rocks of both lower
Pliocene gnd upper to middle Miocene ages."

"The sample submitted, although & dredging taken from
the 'surface material on sea bottom' appears to be a rock
outcrop and not recent sediment. If it is recent sediment,
it haes almost surely been reworked from a rock outcrop nearby.
The large number of extinct specles precludes a Recent deposit
of living species. The state of preservetion of the indivi-
duals, many of which are dbroken, 1s further evidence of
compaction following sedimentation.”

"Hence, the best age assignment that can be made is lower
Pliocene to Miocene, with most of the evidence favoring lower
Pliocene."

An age of Miocene or lover Pliocene for these deposits is incom-

patible with the other data available, nor does it necessarily seem
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wvarranted on the basis of the dlatomsg. Evidence from other lines
points overwhelmingly to a post-glecial age for the sedimenta. The
geologlic evidence for this statement has been discussed under Cabhbles
and Gravel and will be considered further below. Samples of the
gediment, when placed in water, disaggregate quickly and completely
from the dried state showing that no lithification has occurred.
Foraminifera evidence does not suggest any age for these deposits
greater than post-glacial. The sparse literature on the modern
aggenblage of diatoms 3n the general srea of the Near Islands was
consulted (Mann, 1907; Erlandsson, 1930; Gran and Thompson, 1930;
Aikawa, 1936; Puifer, 1937; sand Cupp, 1943; also Hustedt, 1930 and
1931), and it has been found that only 2 of the 28 genera end 10 of
the species reported by ILohman have not been reported previously from
either the plankton or the bottom deposits of the general region.

The unreported genera are Endictya and Liradiscus and the species

which have not been reported heretofore are:

Actinoptychus senarius R
Arachnoldiscus camaruensis F
Cocoonels fulgur F
C. heteroidea var. curvirotunda R
C. inflexs R
Coscinodigcus subconeavus R
Denticula lauta A
Endictya robusta F
Priceratium arctisum | R
Xanthiopyxis ovalis F
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Of these species, Areschnoidimcue camaruveneis, Dentilcular lauts,

Coscinodiscus subconcevus, and Xanthiopyxis ovalla apparently have

not been reported as living (Cleve and Grunow, 1880; Cleve, 1804;
Boyer, 1927; Mills, 1934).

The possibllity that certain of the elements of the flora may
have been introduced by reworking of older rocks cannot be disposed
of with certainty. The character of the rocks found in the Near
Islands, however, is not such as to promote removal of organisms
intact by natural means. In Lohman's report on fosslls referred to
him by H. A. Powers (Report dated Feb. 14, 1951 on Diatom Shipment
No. GG-50-24) several representative notations furnish a basis for
thie guggestion. In this report Lohman states (p. 3):

"(3416) 49-P-284 conteined the diatom Triceratium sp. This

sample wasg found to be highly sillceous and required such

drastlc methods of disintegration that no recovery of diatoms
wae possible.”
On page 4 in discussing sample 49-P-28y (3417) the following state-
ments were made:

"All of the diatoms In this sample occurred as fragments and

all have been altered. It appears that the original clear,

isotroplc, hydrous silica of which the diatoms are composed
has been leached out and the cavity filled with a finely
granular anisotropic substance. This materisl 1s mot calcite

(s 1t resists boiling in hydrochloric scid) and may possibly

be quartz."

It does not seem likely that delicate organisms, extracted with such
difficulty in the laboratory, would be possible to identify with any
certainty if extracted by natural agents of eroslon. The exiastence

of a local outcrop of essily eroded Miocene or Pliocene rocks bearing

these orgenisms is not a probability, as, so fer as 1is known, all rocks
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of the islandes which might be expected to ydeld fossils of this age
have been albitized and silicified (K. A. Powers lebter of 29 August,
1952) .

In discussing the state of knowledge concerning the dlatom flora
of the Aleutian Islands, Phifer (1937, p. 11) states:

"The sketchineas of this general picture shows the necessity

for regular sampling throughout a whole year or longer, if

& thorough going study is to be made."

This statement seems to point to the heart of the difficulty. The
lack of detailed gampling in thls remote area does not permit a
definite stetement at this time on the diatom flora.

Regardless of the geoclogic age of the orgenisms in question, the
species of the flora about which no doubt exists permits a generali-
zation on the ecological characteristice exhibited. These orgenisms
represent a mixture of Arctic and lower latitude neritic and oceanic
forms. Phifer (1937) classified the flora from the eastern Bering
Sea into three temperature groupings: Arctic, Boreal, and Temperate.
Most of hie species were what he called "boreal". Q@eneral similarity
of geographlc position and environmental conditions between the two
areas suggests that the Wear Islands diatom flora alsoc be termed
boreal An character to indicate the mixture of Arctic and lower lati-
tude forms, although the floras of the two regions do not seem to be

entirely the same.

Foraeminifera. The species of Foraminifera which were found to

constitute a significant proportion of the fauna are discussed below.

Faunal studies were made on 80 samples collected either with the
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suappe; sampler or the light coring tube. Swmall cuts of the snapper
samples or obtained from the upper 1 cm. of the sBhort cores wvere
analyzed for frequency of occurrence by making counts of the dead
fauna. Discusslon of the species 1s concerned both with thelr geo-
graphic range as compiled from the literature and with their vertical
(depth) distribution as found in the Near Islands,

The planktonic fauna is a small one, consisting entirely of two
species which occur in abundance in most semples. The most common

specles is Globigerina pachyderma (Ehrenberg), & typically Arctic and

Subarctic form. Globigerins bulloides 4'Orbigny, the other species,

18 widespread in the Atlsantic and Pecific oceans from temperate to
high latitudes. The average ratio of the occurrence of G. pachyderma
to G. bulloldes is 5:2. Planktonic Foraminifera together with the
diatoms are normally the most abundant of the organisms constituting
the diatom, Foraminlifera, sponge spicule component.

The planktonic fauns of the Near Islands is unlike that reported
by Henzawa (1928, pp. 61-63) from bottom deposits below the Kuroshiwo
Current off Japan. Here the planktonic fauna included the following
gpecles:

Globigerina bulloides 4'Orbigny

G. infleta 4'Orbigny

G. subcretacea Chapman

Globigerinoides sacculifera (H. B. Brady)

G. conglobata (R. B. Brady)

Globigerinells amequilateralis (H. B. Bredy)

Orbulinas unlversa 4d'Orbigny
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depth increments. In this table the speciers are listed which appear
to have gome depth significance. In computing the average values
shown in table III two echemes have been used. If a species occurs
in 2/3 or more of the samples all of the occurrences were averaged.
These frequencies are noted in the table with a single number. Wwhen
less than 2/3 of the semples contain the particular species, only the
number of epemples in which the species was found were averaged.

These frequencies are noted by two numbers separated by a dash, the
first indiceting the number of stations used in obteining the average
and the second the computed average frequency. The total number of
pamples in each depth Increment is given et the bottom of the table.
This method of handling the occurrences makes possible the use of
statistical concepts in treating specieg distributlion within a given
depth 20ne because it divides the populetion into classes which per-
mits the application moment measures. For example, the standary
deviation of the frequency curve of percentage occurrence of a specles
within a c¢claess limit could be computed to test the reliability of the
sepecies as an indicator of the class. Species with frequency curves
giving e high standard deviation would be less suitable as class
indicators than those with a narrow range of percentage occurrences.
It is probable that measures such as those devized by Imnman (1952)
for expressing the results of grain size analysis can be deviged for
use in foraminiferal investigations of this kind.

The species are discussed below in alphabetical order.
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controiled by depth, sre important in determining the vertical distri-
bution.

Those species whose depth distributlon appears tc be controlled
primarily by temperature are:

Eponides frigidus

Nonion labradoricum

Summary. The Foraminifera fauna of the Near Islends 1is a
relatively small one deminated by a few species which occur in abun-
dance. Most of the benthonic fauna is made up of species which, so
far as 1s known, ere primarily of Pacific Ocean distribution, but
there are affinities with the Arctic and Subarctic regions of the
North Atlantic Ocean. The forms which occur are either those which
have been found only in cold or deep water or those with a wide
isographic and vertical distribution. These wide ranging forms
apparently are tolerant to an equally wide range of environmental
conditions. The small number of species also is characteristic of
cold waters. In general the low water temperatures on the Near
Islande shelf seem to determine which Foraminifera species will com-
pose the fauna. Depth of some variable other than temperature which
is a function of depth appears to be a control on the vertical distri-
bution of some species, whereas temperature seems to control vertical
distribution of others. Finally, the benthic fauna is susceptible to
vertical zonation into three zones, shallow, intermedimte, and deep,

within the depth range studied.

Sponge Spicules. Sponge splcules make up only a small portion
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of the‘diatom, Foraminifgra, sponge spicule component. Because of
their usual shepe and size, however, they are often quite prominent.
They are ailiceous in composition and may be two to three millimeters
in meximum length. They are characteristically of the tetraxon or
triaxon type, with one long straight spine and the remainder rela-
tively short and either straight or curved. In addition to these
types, there are also small, siliceous, ovoid forms with a pebbled
surface.

Accessory Materials. Dilatoms, Foraminifera, and gponge spicules

make up the great majority of the micro-organism component; however,
other materisls also may be present. Madiolarians are rarely seen
and constitute no appreciable portion of the deposits. A peculiar
light yellowlsh green very fine grained material, however, commonly
was observed in small amounts associated with deposits rich in the
micro-organisms component. This material 18 siliceous in composition
and appears to consist of small fragments of diatom frustules., The
1ight yellowish green color apparently is due to organic matter,
since treatment with hydrogen peroxide bleaches the siliceous frag-
ments to vhite. Very little calcium carbonate is present. Thils
material forms a suspension in the water abeve the core on sampling,
being stirred up by the impact of the core barrel, but later settles
to form a thin surface film. This does not seem to be the flocculent
material described by Neaverson (1934, p. 299) from samples of dia-
tomaceous and collected by the Discovery which he suggests is composed

entirely of organic compounds.
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Pebbles and Granules

Pebbles and granuvles form a major component of the marine sedi-
ments along the southern maxgin of the ingular shelf and the uppermost
part of the adjacent slope and rarely in the sheltered bays. 1In the
shelf margin areas they occur persistently and in some semples make up
a congiderable proportion of the sediment. In all samples contsining
this component it is intimmtely intermixed and scattered through the
depoesit along with rock sand and diatoms, Foramlnifera, and sponge
splcules,

Material of this type is made up entirely of particles of the
variety of rock types found on the Near Islands. A range in size
from pebbles with meximum diameter of 2.5 em. to granulee exists.

The slze-frequency curves of samples containing this component exhi-
blt a variable number of modes.

Pebbles and granules are separated from deposits of cobbles and
gravel on the basis of the matrix. The slze ranges of the two com-
ponents overlap, but in no case wés extensive matrix of rock sand snd
small marine organisms assoclated with cobbles and gravel, Many of
the pebbles and granules are well rounded indicating a considerable
abrasion history.

There can be little doubt that this component has been transport-
ed to the site of deposition by drifting surface ice. No other
explanation for its origin can account satlsfactorily for the size
range which is present, the polymodal character of the frequency dis-
tribution curves, and the random occurrence of the pebbles in a

matrix of finer marine sediments. The glacial history of the Near
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Islands makes this Interpretation more cogent. An origin by deposi-
tion from drifting ice suggests that the true upper limit of the size
of this component is unknown, and that the reported upper limit
probably indicates only the upper limit which could be collected with
the available apparatus. Material of this type, where found in
deposits of cobbles and gravel, cannot be recognized.

Environmental Occurrences and Characteristics

General Statement

The marine sediments which occur on the Near Islands shelf are
mixtures of two or three of the end-member components, rock sand,
shell sand, diatoms, Foreminifera, and sponge spicules, and pebbles
and granules discussed above. Sediments composed of all four of the
components are rarely found, and where they do occur, one of the
components is reletively insignificant. Composition of the sediments
in terms of the frequency of occurrence of each component was deter-
mined by making counts of 300 to 500 particles in each sample. This
nethod is satisfactory where the sediment is well sorted, but where
there is a wide renge in slzes of components, the composition thus
determined may bear little resemblance to one which takes into account
volume or weight occurrence of constituents. In most sediments
having a wide range of particle sizes it is impractical to separate
completely the components as must be done to determmine weight or
volume percentage occurrence. In samples of this type a double scale
mist be used for adequate description, one part of which represents

the composition in terms of the relative frequency of the components
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and thé other part representing the mechanical composition of the
deposit. Use of a double scale showing both constituent and size
analyges 1is considered to be essential in desceribing the zediments
which occur in the Near Islands area. 7This is a difficulty which
always atiends the study of deposits of this nature, since both
wejight-or-volume and frequency of occurrence of components are
important in describing the character of the sediment.

Size analyses of the samples were made using sieves for separa-
tion of grede sizes coarser than 1 mn. and the Emery settling tube
for sizes smaller than 1 mm. (Emery, 1938). Only two samples con-
tained waterial which could not be analyzed by these methods; in
these the hydrometer method of analysing fine grained materiels was
used. The results of size analyses are expresged using the graphic
phi system described by Inmen (1952). This method utilizes the phi
notation introduced by Krumbein (1936) and develops a series of five
parameters to express the size dlistribution of a sediment. These
parameters are the median diameter (Md¢), phi deviation measure (6l¢)
for sorting, phi kurtosis measure (855), and two meessures of skewness
(4 4 C(2¢) and ere computed from the 5, 15, 50, B4, and 95 percentile
phil diameters obtained from the cumulative size-frequency curve of

the sedinent. Expressions for these parameters are:

dy = By
G g = V2lBg, - 1)

= M, - M '
A #7588 (uhere 1 - 1/2 (9,
oy

+ ¢8h)
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(fe + Boc) -
d - 1/2 ¢25.¢¢95 Mdé_

\, = 0_55

The phl skewness measures are zero for a normal distribution, nega-

tive 4f the curve is skewed toward coarser dlameters, and positive if
skewed toward finer diameters. For a normal distribution the phi
Xurtosis measure has a value of 0.65. If the distribution 1is less
peeked than the normsl, values of4;¢ will be greater than 0.65 and
conversely, if the dlstribution is more peaked, the values will be
less than 0.65. Frowm these statisticael constants the five percentile‘
diameters of the cumilative size-frequency curve can be computed.

For a wmore complete discussion and a theoretical treatment reference
should be made to Inman (1952, pp. 125-45).

Marine sediments of the Near JIslands may be subdivided into
environmental groups for purposes of discussion. These enviromnents
are: 1) the bays, 2) the adjacent open shelf (exclusive of the outer
portion of the shelf south of the islends, 3) shelf-basins, and k)
the outer shelf and upper insular slope. Such a classification is
principally one of geographic (or topographic) environments and places
arbitrary lines of distinction between adjacent areas. Type examples
of sediments from the different Near Islands envirorunents can be
egtablisned, but between two adjacent types it is probable that all
gradations can be found.

This concept of component variation was taken into consideraotion

in the construction of the chart of bottom sediments (fig. 4, in
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pocket). Lines separating sediment types are avoided; instead, the
gradual variaetion of sediment character is Iindicated by blending of
symbols showing the sediment components. Thus, along the southern
margin of the insular shelf the sediment pattern is composed of the
symbols for rock and shell-sand, dilatoms, Foraminifera, sponge
spicules, and pebbles and granules. This shows, in a qualitative
way, that the sediment in the southern area is made up of these three
components. The pattern is different to the north and does not

include the symbol for pebbles and granules indicating this component

is about in the shelf-basins. Such a method of representation seems to

be a realistic one in an ares where the data do not indicate sharp
lateral changes in sediment and environment, and is, in effect, a
graphic and qualitative method of contouring several components on

one chart.

Bay Sediments.

Sediments of the bay environment (Plate V) generally occur as
aprons lying seaward of the rivers vwhich empty into the bays. The
aprons normally are restricted to the axes of the bays and extend
onto the open shelf as more or less discontinuous bodies. On the
landward side the deposits ususlly merge with post-glacial beach,
stream, or lake deposits. Toward the open sea the bay sediments thin
and are replaced by rock in most places, but in some instances appear
to extend outward to the shelf margin end grade into open shelf
gediments.

Bay sedimentg generally are more continuous and seem to be of
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MAximum thickness inshore where they merge with beach and relatively
thick valley floor deposits. Actual thicknesses at these points are
not known and undoubtedly vary depending to a large extent on the
configuration of the valley floors left by the retreating glaciers.
In some of the exposed southern bays on Attu no beach or stream
deposits exist, and the bay sediments are not present in the inner
shallow bay heeds. Bay sediments probably are quite thin in most
places. This estimate of the thickness is based on the usual valley
gradients which are relatively regular, passing from rock offshore
into sand inshore with no major change.

Composition and texture of bay sediments is gilven in table V and
figure 6 which also includes the open shelf gediments. Rock sand is
the dominant component in all but one of the samples and in most
congtitutes more than 94 per cent of the sediment. Shell fragments
make up most of the sediment in one sample, are abundant 1n three
others, but for the most part are relatively insignificant. Diatoms,
Forsminifera, and sponge spicules are minor accessories and pebbles
occur too rarely to figure. Bay sediments exhibit a great range of
median diameters, varying from coarse sand to silt. For the most
part they are well sorted, although some poorly sorted material
occurs, and may be showed toward either the cosrse or fine sizes.

Bay sedimente are primarily the product of deposition near the
mouths of rivers. The rock sand introduced by the rivers is augmented
to some extent by similar materjial produced by wave action on the
shoreline. Desplte the fact that the sea cliffs are out of adjustment

with present ses level, this may be an important source in some
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Table V. Composition of Bay Sediments
A. Components by grein count.
Sample  Per Cent Per Cent Per Cent

Number  Pebbles, etc. Rock and Shell Fragments
mineral Sand

Per Cent
Diatoms, etc.

33 0 o4 L
63 0 al 1%
&9 0 93 7
71 0 78 22
Th 0 38 62
75 0 68 32
112 0 99 1
130 0 98 1
131 0 98 1
143 0 99 0.7
148 0 Q9 1

B. Size Composition by welght (notations efter Inman 1952).

1]

COrHHOOOCOCUN

[NV

Sample Depth

Number  (Fathoms) —M& W & p d y 4 , y [3 4
33 . 37 0.1k 2.81 .20 -.15 -.20 1.0
63 Th 5 i d 2.57 .37 -.05 054 1.38
69 38 .25 2.03 .31 -.32 -.58 2.h5
71 12 48 1.07 .57 -.123 .23 0.85
Th 1/2 .53 0.92 .63 07 .094 0.8
75 5.6 27 1.92 .35 -.1bh2 -.60 0.8%
112 12.5 J1h 2.82 .36 -.34 -1.30 1.58
130 5.5 .095 3.40 .38 -.131 -5 0.95
132 ‘ 10.0 .057 ¥.13 1.6% .obk2 -- -~
1k3 4.5 .13 2.22 .30 -.23 -.h7 0.70
148 3.0 12 3.05 .50 -.02 -.56 0.98
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localities. Headlands which separate the major bays are the loci of
intensive wvave actionh as evidenced by the wide wave-cut benches which
surround them. Some of the sand formed by the waves cutting benches
and moving cobbles and gravel on the rocky beaches undoubtedly is
introduced to the bays by the action of longshore currents produced
es the waves enter the bays. These currents would tend to sweep the
sand toward the bay heads and deposit it with river-derived material.

Shell fragments constitute a large proportion of bay zediments
only where conditlons are such that rock sand is not introduced in
quantity. The samples with a high percentage of shells lie in bays
and coves east and south of Agattu or on the border betveen the bay
end open shelf environments. The small streams of Agattu probably
bring in a relatively small amount of detritus to mark shell remains.
In addition, the shore configurations do not promote pronounced
funneling of wave-produced detritus to B central location.

Pebbles occasionally occur in the bay deposits, although thej-
are not abundant. This is an interesting fact which suggesis that
ice rafting of pebbles is occurring on g small scale at the present
time. It seems likely that stream i1ce containing some pebbles ie
released by spring thaws and drifts out into the bays where the

pebbles are freed and deposited by melting of the ice.

Open Shelf Sediments.

Sediments of the open shelf (Plate VI) frequently are difficult
to separate from those of the bay on a purely lithologic basis;

therefore the two types of deposits are shown together on the
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composition diagram (fig. 6). Open shelf deposits are of sand size
and generally occur as small isclated patches of detritus which appear
to be very thin and discontinuous. Those patches which were found

are indicated on the chart, but others undoubtedly exist. Shelf

sends also border shelf-basins and grade into the characteristic
sediments of that enviromment. Open shelf sediments occurring adja-
cent to a basin probably are more persistent in areel distribution
than the patches which are found on more exposed areas.

The composition of open shelf deposits is shown in table VI and
figure 6. As in bay deposits, rock sand is the chief component;
however, shell fragments ere of greater significance and in several
samples are dominant. Diatoms, Foraminifera, eand sponge spicules,
although of minor importance, also occur in greater quantities. Open
shelf sands show a larger range of medlan diameters than bay sedi-
ments, are well sorted, and are skewed toward coarser diameters in
nost semples. 1In addition, the size frequency curve usuvally is wore
peaked than that of the bay sediments (cf. g values in tables V and
VI).

Open shelf sediments are derived largely from erosion of the
land either by streams or wave action and from shells produced
principally in shallow nearshore water. Composition of the sediment
seems to be related to its position with respect to an abundant
source of terrigenous material. Most samples collected near the
mouths of bays or portions of the coast where waves are most effec-
tive have a high percentage of rock sand, whereas those collected in

areas where wave action is reduced or which are somewhsat farther from
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‘ , bay mouths have higher percentages of shell fragments-. Occasional

small fragments of Halihsia, Mytilus, and Strongylocentrotus, all

shallow water forms, were found at depths greater than 50 fathoms
and at considerable distances from shore, suggesting that seaward
transport from nearshore areas is taking place.

The extent to which reworking of submarine glacial drift haé
furnished terrigenous sediment is difficult to determine. Depth of
vinnowing of glacial deposits and the volume and permanence of open
shelf sediments are unknown. Open shelf sands mean to be in a
precarious state of balance and are probably being reworked continu-~

' ously. Menard (1952, p. 6) describes photographs taken at a depth
of 50 fathoms south of Unimak Pass in the Aleutian Islands (see

. Plete VII) showing sand ripples which he feels have moved rapidly

enocugh on the bottom to partially bury living brittle stars. An

L et environment such ag shown in thies photograph is probably similaxr to
the open shelf of the Near Islands and is one conducive to the forma-
tion of winnowed sedimentary deposits. Skewness of the size-
frequency curve toward coarse diameters also seems to confirm this
view. Thie characteristic of the curve suggests thet finer materisl
is either never deposited or is removed quickly, leaving behind
coarser f{ractions which are more difficult to transport.

The sources of detritus may have changed somewhat in relative
importance since glacial times. Originally, reworking of moraines
must have been important in areas where these exlst so that deposits
of shelf sand may have been more extensive. With the passage of

. time, however, equilibrium with more constant sources would be set
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T:ble VI. Composition of fine-grained Open-Shelf Sadiments .

A. Components LYy grain count

Sample Per Cent Per Cent Per Cent Per Cent
umber Pabbles, etc. flock and Shell P gunents Diatons, etc.
rineral Sand

28 0 92 7 1
20 0 77 17 )
30 0 86 13 1
35 0 92 . 3 5
36 0 13 87 0
62 0 9k 5 1
93 0 86 2 12
99 o) 88 L 8
119 0 99 1 0
121 o] 99 . 1 0
125 o) 97 3 o]
155 0 32 o7 1
158 0 50 4o 1
1oz 0 81 16 3
171 0 90 8 2
172 0 83 16 1
183 0 77 18 5
184 0 8% 13 2
185 0 99 0 1
185 0 99 0 1
187 0 99.3 0 0.5
204 o) 99 0 1

B. 8ize Composition by weight (nctations after Inman 1952).

Sample Depth

Nwnver cathons) - Ld¢ C’¢ dpi d 24 8 y
28 52 0.18 2.50 .38 -2k -.37 .Go
2G -8 0.114 2.52 .2k - .5b -.082  1.58
35 50 0.1z 5.10 .34 -.15 -.32 L2
a2 Oy O.73 0.5% R -.001L -.3h .82
93 2, 0.19 2.0 1) ol 122 VHE
29 S 1.00 0.0 .25 .08 W12 Y.oh

103 5) 1.h% -0.53 RN - .0l =114 .70

119 20 0.70 0.51 A8 -.083 .1o% .67

124 b 0. 1.2 L0 -8y -L82 2.37

171 b0 0.16 2.68 .36 -.23%  -.315 )

18 A 0.18 Sy Ol -2 -.b3 By

20l hs 0.1h 2.81 21 -2 -y 1.10

o
o
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up and land and nearshore detritus would become of greater signifi-
cance, If glacial deposits were once of major significance, a
change of source seems almost certain. Glacial deposits on the ses
floor have been effectively exhausted of fine material, and distri-
bution of the more important occurrences of open shelf sand seem to
be related to insular sources. These considerations suggest that
glacial moraine on the sea floor is of little importance as a source
of sand to modern surface deposits, whether these deposits are thick
or thin. If the deposits are thin, equilibrium conditions would
have removed most of the original glaclal sand, and {f they are
thick, this sand would have been buried beneath later debris of

Insular origin.

Shelf-Bagin Sediments.

Deposits of rock sand with a high proportion of diatoms,
Foraminifera, and sponge spicules and occasional radiolarians are
assocliated with the five largest basins on the insular shelf (Plates
VIII, IX). Teble VII and figures 6 and 7 give the composition of
this sediment. Detrital particles of terrigenous origin constitute
an important part of the sediment and in most samples are predomi-
nant. All the samples have median diameters in the sand range, are
vwell sorted, and tend to be skewed toward finer AdAilameters. The
abundance of diatoms, Foraminifera, and sponge spicules gives the
samples a dlstinctive appearence and differentiates them from the
bay and open shelf sediments.

Clessification and naming of material of such mixed origin
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Plate IX, Shelf-Basin Sediments.
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Table VII. Composltion of Shelf-Basin Sediments
A. Components by grain count.

Sample Per Cent Per Cent Per Cent Per Cent

Number Pebbles, ete. Rock Sand Shell Fregments Diatoms, etec.
16 o} 77 0 23
51 0 83 o 17
57 0 871 0 13
76 0 ks 0 55
198 0 46 0 Sk
199 0 o) 0 60
201 0 68 0 32

B. Composition by weight (notations after Inmen, 1952).

Sanple Depth
Number  (Fa a 4 g d 9
(Fathoms) M - M 4 4 4 d2¢ y

16 57 0.13 2.95 45 -.15 -.13 1,05
51 67 0.1l 3.22 A3 .07 .1k .91
57 T2 0.095 3.39 37 -.13 135 .79
78 81 0.12 3.07 Ll . 205 .635 .85

201 75 0.182 3.68 .50 .22 RIS 1.12
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presents some problems. Neaverson (1934) experienced those same
difficulties 1n clessifying some of the bottom samples collected by

the Willis Georeshy 1n Drake Strait. He differentiated between

daposits of diatomaceous ocoze and diatomaceous mud, defining the
latter as diastom-rich sediments with an appreclable contest of
terrigenous material (p. 303). His samples of diatomaceous mud
contained Foraminifera, sponge spicules, some radlolarians, and
mineral grains up to 0.5 mm. in diameter in addition to dlatoms;
Judging by the deacrlptions; his samples were rather poorly sorted
and gkewed toward the finer dlameters. In describing sample W5 403
from Drake Strait, Neaverson noted (1934, p. 335): “This sample is not
easy to classify. The coarse washings might almost be a Olobigering
ooze, but the proportion of mineral grains is too large. The

finer material, which force the greater proportion of the deposit,
has the typical constitution of diatomaceous mud. The deposit is
therefore classified as such, despite the unususl abundance of
Foraminifera.” From this description there 1s little doubt that
this material is simllar to that found off the Near Islands. Revelle
(1944, p. 16) proposed a classification of deep sea sediments in
wvhich he also suggested the use of the term mud and several descrip-
tive adjectives for finme grained terrigenous sediments of this
general character. Use of the term mud 1s not warranted in the case
of the Near Islands material, hovever, because of the relatively
large grain size and good gorting of these sediments. The Near

Islands diatom-rich sediments do not fit precisely into either the

clagsification of Revelle or Neaverson, but the 8imilarities are so
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close as to suggest the term diatomaceous sand for this material.

Diatomaceous sand is found only in the large, 1rregularly ovoid,
or elongated basins of the shelf. The basins (see fig. 3) occur
gpaced at random end usually well out on the exposed shelf at con-
giderable distances from abundant sources of clastic sediments,

They vary in depth from 5 to 30 fathoms and the larger ones are
filled to an unkoown extent with diatomaceous sand. The deposits
vere penetrated only on the ridge between the two elongeted basins
west of Agattu, at station S 200. Here the material was found to be
approximately three inches thick. This suggests that the diatoma-
ceous sand thins and pinches out away from the deeper parts of the
basins.

Sediments of this type are a combination of terrigenous materl-
als and of the reﬁains of marine organisms largely of planktonic
origin. Terrigenous compoonents may be derived from the islands by
erosion or from reworklng of submaripne glaclal deposits. Submarine
glacial drift, as in open shelf sands, is probably of little quantitative
significance st present.

Absence from samples of shelf-basin sediments of particles
which could be 1ldentified as shell fragments 1is puzzling as organisms
capable of furnishing this material live on the shelf. The presence
of calcium carbonate in the tests of Foraminifera, wmany of which are
thin and delicate, indicates that shell fragments are not removed
from the deposits by solution. Selective mechanical destruction
after deposition seems equally unlikely. The best explanation may

be that shell fragments are not supplied to the basin, or if present,
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vere toé sltered to bve recognized., Of these possibilitles the most
plausible suggestion seems to be that the shell fragments are con-
siderably larger tharn the fine debris which reaches the depths of
the basins and are trapped near the margins where they were not
sempled. However, it 1s possibvle that the physicel charamcteristics
of the shells permit rapid mechanical comminution during traensporta-
tion; extremely small particles of calcium carbonate probably would
not have been recognized as beiﬁg derived from shell material.

Abundance of the remains of planktonic organisms in shelf-basin
deposits, aB contrasted with those of the open shelf, accounts in
part for the slze distribution characteristice of the shelf-basin
deposits and in part for their thickness. Presumably, remains of
planktonic organisms are supplied to the bottom sediment more or
less uniformly over the entire shelf area. Therefore thelr concen-
traetion in some places and absence in others suggests that consider-
able lateral movement takes place after initial deposition, and that
the tests and frustsles are trapped in the relatively quiet basins.
This lateral transport is also indicated by the large expanses of
bare rock on the shelf. Sand grains somewhat finer then the organic
remains would behave in the same manner because of the differences
in specific gravity, so that the resulting sediments should be rela-
tively fine grained and tend to have size-frequency curves sgkewed
tovard finer diameters. As was noted in discussion of open shelf
sands, the skewnegs values guggest they are being denied flner
gralned materinals.

The presence of fine grained sediments of these pharacteristics

102



RN Ao

flooring the basins furnighes some evidence as to the origin of the
basins. Occurrence of such basine on a shelf generally composed of
rock can be explained as due to 1) tectonic activity, 2) tidal scour,
or 3) glacial erosion. The irregular and variable shapes and depths
of the bagins and the lack of alignment with major topographic
irregularities, together with an absence of such features on the
islands explainable by tectonic movements east doubt on tectonic
ectivity as a principal cause. The irregular shsapes, the locations
of some of the basins removed from concelivable loci of strong and
effective tldal scour, and the fine grained sediments flooring the
bottoms oppose tidal action aB a cause of the basins. Glacial
erosion, perheps made more effective by localized faulting or
Jointing, ie the only mechanism known to have worked on the shelf in
recent times that is capable of having formed the bagine. This is a
reasonable interpretation when the characterlistics of glacliated
regions of low relief are considered. An abundance of irregularly
ehaped lakes of variable depths in regions of plentiful exposures of
bed rock is one of the e¢riteria by which past glaclation is deduced.
Interpretation of these basins as being of glacial origin somewhat
extends the area of the insular shelf which must have been buried
beneath Pleistocene ice beyond that indicated by the distribution of
cobbles and gravel and other topographic features. The long narrow
bagin north of central Attu, however, appears to be of different
origin. The known intensive faulting (0. Cates, personsl commnice-
tion) and the topographic offsetting in this area suggest this basin

is of primary tectonic origin, perhaps enlarged by glaciation.
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Quter Shelf and Upper Slope Sediments.

Sedlments similar in charecter to shelf-basin deposits but con~
taining io edditlion an admixture of pebbles and gravules were found
to be almost continuous eslong the deep southern margin of the insular
shelf and to extend to usknown depths down the insular slope (platﬁ}x).
Thegse deposits elther pass beneath shelf-basin sediments or pinch out
against ereee of rock or cobbles. They were found deeper than
epproximately 65 fathoms. These deposits were penetrated by
several cores along the upper mergin of the insular slope and
were found to be quite thin, varying from 3 to 10 inches 1n thick-
pness. At greater depths the deposits were not penetrated and the
thickness is greater but unknown. Cores on the outer edge of the
shelf are quite short which suggests that the outer shelf deposits
are thin and overlie directly rock or cobbles. Frequently the core
nose was bent while sempling this material. Thie evidence on the
thickness of the deposits is inconclusive, however, because the
pebbles contained in the sediment conceivably are capable of pro-
ducing the same effect as strlking bed rock bveneath.

Composition of these sediments 1s showmn in figures 7 and 8.
Table VIII gives the frequency of ocecurrence of the components and
statistical constants computed from the mode compoeed of the finer
constituents. Figure 8 shows size-frequency curves of the total
sediment and indicates the mode from which statistical constants
vere computed. The composition of the shelf and slope sediments
compared with shelf-basin deposits, shown in figure 7, indlcates

that the two deposite are similar, the difference in composition
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Table VIII. Composition of Deposits of Southern edge of Shelf and
Upper Slope

A. Components by grain count.

Sample Per Cent Per Cent Per Cent Per Cent
Number  Pebbles, etc. Rock Sand Shell Fragments Diatoms, etc.
19 2 53 0 45
20 1 45 0 53
21 1 52 0 b7
22 15 27 0 57
23 2 83 0 15
46 0 52 0 48
L7 1 L1 0 58
L8 1 39 0 60
k9 2 49 0 49
60 5 61 0 34
61 2 3k 0 64
65 3 57 0 40
66 10 60 o} 30
94 3 79 0 18
101 7 Sk 0 39
102 1 83 o) 16
103 3 T2 0 25
108 1 8s 0 14
113 1 86 0 13
115 11 gﬁ o] 50
116 i o] 15
175 1 79 0 20
180 1 58 0 k1

B. Size Composition by weight {(notations after Inman, 1952)l/

Sample Depth
21 85 0.11 3.17 CTh ~-.175 -.62 .90
23 _ 76 0.1k 2.82 .78 -.039 =<.115 .57
ol 181 0.15 2.70 .50 12 .22 .98
113 122 0.13 2.95 .37 .05k .30 1.08
116 110 0.16 2.64 .35 .086 31 .80

l/ Statistical constants computed an the small diameter mode in figure 8.
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being tﬁe presence or lack of pebbles and granules. Comparison of
statistical constants further indicatee the similarity. The
frequency curves, however, show the great range in diameters present
in the outer shelf and upper slope deposits and slso the polymodal
nature of the Blze-frequency distribution. It seems impossible thst
only one agent could be responsible for the transportation of the
sediments, they must be in part the result of deposition of particles
frozen into ice which drifted outwvard from the island masses and
melted. Deposits similar to these have been describved dy, smong
others, Bramlette and Bradley (1940) from the North Atlantiec,
Statson and Upson (1937) from the Ross Sea, and Hough (1950) from
the Antarctic Ocean and similar conclusions as to the origin were
reached. Sizes of particles thus supplied must have varied from the
finest available to the coarsest material which could be floated by
the drifting ice. The slightly greater median diemeters and poorer
sorting and the tendency toward coarser diameter skewnesses of outer
shelf and uppex sBlope sedimente when compared to shelf-basin sediments
suggests the fine-size mode is composed in part of ice-rafted
materisl. These counsiderations, together with the character of the
fregquency curves, suggest that all terrigencus material occurring in
these deponits greater than approximately 0.5 mm. in diameter has
been lce-rafted.

The southern limit of Bering Sea ice is along a lire which
extends northwest-southeast from a point Just south of St. George

Island in the Pribilof group, so that the southeastern part of the
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Bering Sea 1e ice-free at all times (U.8. Coast Pilot, Alaska, Pt.
II, 1947 ed., pp. 501-03). The position of the southern limit of
the pack ice which contains no sediment, the lack of ice-rafted
raterials in shelf-besin sediments, and the similerity of the ice-
rafted pebbles to rocks of the islands show that ice rafting is a
process which is mot quantitatively effective in the Near Islands
area at present.

Lying beneath the surface deposits and usually below the
southern margin of the insular shelf are poorly sorted deposits of
sandy mud which also contain the components of the surface deposits.
Material of these muds ig predominantly fine, unweathered, rock sadd
and gray silty clay with a small amount of granules and coarse sand.
Dliatomse, Foraminifera, and sponge splcules are preseant in minor
quantities. Figure 9 shows representative cores which penetrated
this material end figure 8 gives a size-frequency curve of the mid
from the base of core E 101 (labeled E101A). The size distribution
is markedly bimodal with a pronounced "tail" of coarser diameters;
glightly more than 19 percent of the sample was finer than one
micron in diameter. Thickneas of sandy mid of this character is
unknown, and its distribution is confined to depths greater than thel
edge of the shelf.

The Foraminifera fauna of this material was analyzed in order
to determine the probable depth of water in which the sandy mud was
deposited. This feuna differs io no way from that of the overlying

surface deposits, so that the beds appear to have beep deposited at
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much the e?me depths at which they now occur,

The sandy mud 1s similar to coarse glaciel flowr. The gource
of this material, however, is not necessarily of direct glacial
origin. Winnowing of shelf glaclal deposits would begin immedlately
once they were exposed to the sea by the melting of glaciers and
could be expected to supply sediment in diminishing quantities until
exhausted. The sandy mud 1s composed of the general type and size
range of particles which are absent from the winnowed shelf glacisl
deposits.

Since ice-rafted pebbles persist in the deposits virtually to
the surface in most of the cores snd occur above the sandy mud, some
drift ice was stilll present after the winnovwing of shelf glecial
deposits. There is no reason to doubt that both the sandy mud and
the diatomasceous sand with pebbles and granules underlie the dlatoma-
ceous sand of the shelf-basing in the same sequence but have been
buried by relatively rapid basin deposition.

It 1s not kmown definitely whether the few millimeters of
diatomaceoue sand which lie sbove pebbles in some places on the outer
shelf or upper alope represent the total of normal deposition in
theee areas since ice-rafting ceased or whether bypaessing of the
region now is taking place. This material, together with the fine
yellowish green flocculent, may be matrix material which was thrown
into suspension on coring, Presence of the pebbles at or practically
at the surface of the asediment shows either that deposition on the
outer shelf and upper slope has been very slow after the complete

melting of the ice or that a comparatively short period of time has

110



Pﬁqe'ﬂf

E22

FIGURE 9
3
o = 8 7
L — ' '
2 A
.- ;g*._<owzz%;\i.4:;s|-mi 1
|
5O
° |||[>|1|| |I|| 2
Ty 2 AR
§§ = SHE D |>’JJ|([\|||
“ = gﬂ
EE E gwﬂ/ |\|l|\l| 1 35 %‘“.
) X B ’i[ S uf c
z> =4
g o o 22 o
&q oz N W 3 2° :
£ e fOEERN \/“I“{ *h'} S %
HsaNe ?@&LHHHLF "8 3
Q ‘]'15

:05 @; M\II et

M
%7

1




elapsea since the lce disappeared. Topographic evidence from the
islands in the form of eroded canyons and sea cliffs and stabilized
valleys indicates & considersble lapse of time since the dissppear-
ence of the tidal gleciers. This suggests that deposition has been
very slow since ice-rafting and deposition of pebbles and granules
ceased. Coarse sands are found commonly slong shelf margine and mey
Indicete the relatively rigorous conditions on shelf marginsg caused
by general increase in tidal current velocity near the break in
slope suggested by Fleming (1938) and Fleming and Revelle (1939, pp-
134-135). On the other hand, the ydllowish green, very fine grained,
siliceous materisl, if it is on the surface wlth dietom-rich gedi-
ments, suggests current action cannot be severe. The evidepce seems
to suggest bypassing is occurring, but it is not completely conclu-
sive. In either event the effectiveness of shelf-basins as sediment
treps 1s demonstrated. Although bypessing in shelf margin environ-
ments may be occurring at present, deposition in this area during
the period of jce-rafting could have been more stable and at =
greater rate. Transportation of detritus by floating ice would not
only augment the supply of terrigenous debris, but the presence of
pebbles and granules would esteblish current sghadows and small holes
and pockets on the bottom within which fine materials could collect.
An 1llustration which suggests this phenomenon is found in a recent
paper by Menard (1952, P1. 2) vhere he gives bottom photographs of
Globigerina ooze collecting in current shadows and between large
manganese nodules on the top of a seamount in the Pacific Ocean.

Since the surface deposits of the outer shelf and upper slope are

12



thin, even vwhere pebblee are present, the most reasonable interpreta-
tion seems to be that deposition was more rapid while pebbles were
being added than after the terminetion of ice-rafting. Termination
of ice-rafting alowed deposition in part because pebbles and granules
vere no longer being supplied and in part beceuse the current shadows
and small holes and pockets, created dy the addition of pebbles and
granules and iwto which flne grained materlal could filter, were not
present.

The occurrence of very fine greined material of unknown but
considerable thickness deposited in an environment apparently béing
bypessed at present shows the importance of factore other than those
of the {mmediate environment in controlling sediment character. A
relatively abundant supply of terrigencus detritus existed during
the deposition of the sandy nuds. The result is a fine grained
pPolymodal gediment with occasionsl remains of organisme. Failure of
the abundant supply of terrigenous material accented the components
8till being supplied vith the result that the sediment hecame much
coarsexr and the remains of organisms more abundant. Still later,
failure of the supply of pebbles and granmules resulted in virtusal

cessation of permanent deposition of all other components as well.

Age of Shelf Deposits

The shelf deposits are probably of latest Glacial and Post-
Glacial age., Cobbles and gravel along the shelf margin are the
oldest deposits eamcountered. The extensive moraine southeast of

Attu and the uppermost beds of sandy mid on the upper insular slope
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are next oldest and are approximately correlative, Deposits of
diatomaceous sand with ice-rafted pebbles and granules occurring on
the insular slope and outer shelf are somewhat younger. The latest
beds to have been deposited are the shelf-basin dAiatomaceous sands

and the open shelf and bay sande which are correlative in age.

Summary of Fine Grained Marine Sediments

Fine grained marine sediments of the Near Islands are composed
of material of both terrigenocus and biological origin. The terri-
genous cowponents are principally the product of mechanical disinte-
gration of the rocks of the islands. Sediment of biological origin
is made up of the skeletons of marine orgenisms of which a few types

are dominant. These domlnant types are deep or cold water forms am

forms vhich have a wide range of temperature tolerances. In addition, -

the number of species of any given type is small. Composition of
the pediment is o function of the relative availabllities of terri-
genous detritus and biological detritus of marine origin. Where
terrigenous material has been supplied rapidly relative to the
remaing of the organisms living in the aree the eediment has the
composition of most bay and some open shelf deposits, and where
biclogical remains have been in relatively rapld supply the sediment
has the composition of shelf-basin deposits or shell sands. In
general, therefore, components of marine origin become more ebundant
in the gsediment seaward from the islands.

Most of the shelf bottom iB bed rock, boulders, or deposits of

cobbles and gravel. Of the fine grained marine sediments, the
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finegt ere found in the mogt protected bays near the mouths of rlvers
and in the deep shelf-basine. In general sediment in well sorted
and negatively skewed and in places relatively coarse where found on
the open shelf, but 1s poorly sorted and contains ice-rafted pebbles
on the outer shelf and upper slope. Composition of the terrigenous
sands suggests use of the term "graywacke" to characterize them.
Sorting generally is good, however, with the clayey matrix con-
gidered important as a component of graywacke type eands (Pettijohn,
1949, pp. 243-Ll4) occurring only in most protected areas.

Marked changes occur in the stratigraphic section deposited on
the outer shelf and upper slope in post-glecial time. These changes
seem to be due to: (a) the melting of glaciers and the removal of
an abundant source of very fine material and (b) later removal of
drift ice and therefore the means of transporting pedbles and
granules. It is believed that similar strati graphic details are

present in the shelf-basins but have been more deeply buried.
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ENVIRONMENTAL CHARACTERISTICS OF THE NEAR ISLANDS REGION

AND THEIR EFFECTS ON MARINE SEDIMENTATION

Interpretation of the shelf deposits of the Near Islands
requires an understanding of the environmental factors which contri-
bute to the formation and distribution of sediments. In the sudb-
serial environment these factore are climate, vegetation, nature of
weathering and erosion, and agents of sediment transportation. 1In
the marine environment the factors are temperature, laqu scale
currents and history of the water mass, chemical characteristics of
the water, waves, and tidal currents. These factore of the subaerial
and marine environments and thelr relationships to the sediments

will be discussed at spuch length as the availeble data permit.

Subaerial Environment

Climate.

The climate of A region ig the average weather and is masde up
largely of the fectors of temperature, precipitation, and wlnds.
The Atlas of Climatic Charts of the Oceans (1938) has been relied on
almoet entirely for numerical climatic date. DBecause this informa-
tion is based on ships' observatlons at sea 1t must be modified when
the 1slands are concerned. Various works of the Department of
Agriculture (Dept. of Agriculture, 1949; Dellogg and Nygard, 1951)
contributed to such modification as hes the Coast Pilot (Alaska, Pt.
II, 1947). Meteorological personnel of the U. S. Navy stationed on

Attu furnished some additional information.
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The basic climatic information on the area ie given in tald e IX.
These data show average absolute values of the principal climatic
factore for any month and also the annual cycle of these factors.

The average winds blow with minimmm velocity during the summer
months, rapidly increase in intensity reaching a maximum in November
and December, decrease somewhat and remain approximately constant
until May vwhen they begin to moderate. During June, July, and
Auvgust the winds are relatively light and varisble in direction, but
blow predominantly from the southwest off the North Pacific Ocean.
During the remainder of the year (September through May) wind force
is much greater and the predaminant direction is from west to north-
west, off the Asimstic mainland. This annual pattern of wind
direction seems to be of great significance in its effect on the
heat budget of the area. Warm moist air from the southwest csunot
take up heat from the relatively cold sea; however, heat can be
taken up from the relatively warm sea by the cold, dry alr from the
Asiatic mainland during the winter months. Atmospheric phenomens
accompanying the heat exchange in winter result in extreme instabl-
1ity of the air mass and large scale vertical mixing and winds
(Burke, 1945, p. 98). In the summer the air is cooled from beneath,
stabilization and condensation take place, and the thick fog blanket
often seen in tke Aleutians is produced. The pattern of winds also
seems to be important as a factor affectipng general marine circulas-
tion of the area.

Fluctuation in the precipitation pattem 1is not marked. The
average annual rainfell of approximately 75 inches is well distribu-
ted throughout the year with Noveriber showing the moximum of around
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nine inéhes. Snow covers much of the higher regions of the islands
for a consideradble portion of the year to depths of six to elght
feet. No figures are available for Attu, but the blanket at high
elevetions must persist for a longer time than on the low lsland of
Shamya in the Samlchis vhere snow is present en average of 120 days
from October to early April (Coast Pilot, 1947, p. 357). The effect
of this snow blanket is to increase the fluctuation in runoff which
otherwvise might be quite uniform in response to the uniform precipi-~
tation. The melting of the snow blanket in spring cen be expected
to produce freshets and floods capable of transporting reletively
large quantities of sediment from the higher regions of the islands.

The anrual range of average sea surface temperatures and the
range of average air temperatures immediately above the sea are
shown in table IX. Both eir end sea temperatures reach their maxima
in August and steadily decline to minima in February or early March.
The date in table IX rust be modified when considering the islands,
particularly the higher portions. The Navy weather station main-
teined on Attu noted a maximum range in temperature of 10° to 70°F.
This station is located near the shore 8o that this range in extreme
temperatures is intermediate between that found et sea and 1in the
higher portiona of the islands. The maximum temperature in higher
parts of the islands probably does not increase greatly, if at all,
but the minimmn may be somewhat lower. A mean monthly temperature
range of somevhat over 50°F. t0 a minlmm of something like 20°F, is
a reasonable estimate for the higher portions of the islands.

It is possible to clessify the climates of the region in the
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Hoppen system using this information {James, 1935, pp. 371-79). The
marine climate of the area can be classified as a Cfca’s;/climate,
whereas the higher reglons of the islands appear to have a chg/

climate.

Native Vegetation.

The native vegetation of the Near Islands is a tundra associa-
tion. A thick green carpet of vegetatlon covers mch of the lands
at lower elevations. Thls vegetation consists primarily of dwarf
Arctic shrubs including crowberry, dwarf willow, dwerf birch, mosses,
lichens, and variouws flowering plants. Some sedges and grasses Are
found nearly everywhere, and in a few places they are dominant in
the flora (Kellogg and Nygard, 1951, p. 16, fig. 12; Dept. of Agri-
culture, 1949, p. 68). This carpet in general is thickest on low
slopes near sea level and becomes more sparse with increasing eleva-
tion and land slope. Much of the highest area of the lslands, the
higher peaks, and the steeper slopes are practically devoid of a

cover of vegetation.

Soils.
In the development of solls climate is important in its effect
on the character and rate of weathering and on the vegetation.

Climate controls the total amount of water which may be pregsent and

1/ Temperature of coldest month below 18°C but above -3°C; tempera-
ture of warmest month over 10°C. No dry season. Cool short
summers, maximum rainfall in autumn. Frequent fogs.

2/ Temperature of coldest month below -3°C; temperature of warmest
month above 10°C. No dry season. Cool short swmers.
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thus affects drainage. The preclse nature of the relationships
between soils and climate 1s not understood, but their existence 1s
indicated by the close correlation between soll types and climate
belts (Kellogg and Nygerd, 1951, p. 22; Jenny, 1950; Reiche, 1950) .

Two types of rellef conditions affecting runoff and soil
drainage exist in the Wear Islands (ef. Kellogg and Nygard, 1951,
Pp. 24-25). The first of these 1B & steeply sloping or excessively
drained surface on vhich plants have less water than do those on
adjacent more gentle slopes. The soil profile under these condi-
tione 18 thin if preseant at ell, and rapid erosion of the surface
takes place. The other extreme 16 & nearly flet or depressed area
with poor drainage. The water table is even with or near the sur-
face of the ground at all times. In these cool humid regions
organic matter forms more rapidly than it ls destroyed and under
such conditions may sccumulate in thick deposits. There is no
erogsion from such an area. These two types of conditlone represent
extremes between which intermediate sub-types occur.

In general, time has been short for soil formation in the Near
Islands. This is a function of both the relative youth of the topo-
graphy and the cool climate. The elimate and the agents which have
caugsed the physiographic development have been of greater signifi-
cance in the higher reaches of the islands, so that time for soil
formation has been shortest in these areas.

Kellogg and Nygard published a map of Alaska showing the distri-
bution of soil aasociations (1951, cover pege 3). In the legend

accorpanying the map the types of soils in each association and the
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relati%e proportlions of these types are given. Soll types of the
Near Islands, thelr proportion of the whole, and short definitions
of each are listed below.

1. Lithosol (40-50 percent) Azonal soils that consist mainly
of rock with or without thin irregular coverings of true
soll material. Generally found above 1000 feet.

2. Tundra (without permafrost) (30-40 per cemt) Soils with a
tough fibrous brown mat of vegetation on the surface under-
lain by a few inches of dark colored humus-rich soil which
fades to a lighter colored gray or mottled soll beneath.
Soils nearly always wet but because of low temperature,
physical processes of weathering predominate. Found in
lower stabilized valleye and on smooth uplends.

3. Alpine Meadow (5-10 per cent) Soils have a mat-like

covering of vegetation which has less mosses and lichens
than does the tundra. Similar to tundra but has less
well-defined horizons.

4, Bog (5-10 per cent) These soils consist chiefly of organic
matter, more or less decomposed. In lower stabilized
valleys and on smooth uplands.

5. Alluvial (5-10 percent) Soils which are derived from
alluvium 8o freshly deposited that few, 1f any, of the
effecte of vegetation and climate can be seen.

6. Regosol (5-10 percent) Soils which consist mainly of soft
or unconsoclidated rock with or without thin irregular

coverings of soll material. Are not stony like lithosols
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. . and roots can more easlly find a foothold. Include rela-
tively fresh morainic debris left by glaciers and beach
sands apd duues.

Thus within the relatively small area of the Near Islands a
number of different types of soll develop in response to the differing
interactiona of the agents producing soils from the parent material.
From the nature and distribution of these soils, however, 1t is
apparent that some are nore subject to erosion than are others. Soils
of the high areas, the steep slopes, and the nearshore enviromments, -
poorly protected by vegetation, ercde much more eesily and rapidly
than do the stablllzed solls of the bogs and the smooth vaelleys and
uplands. Soils of the areas most subject to erosion are the lithosol,
regosol, alluvial, and to some extent, the upland meadow. Although

. these soils may cover no more than 65 per cent of the island area,

s e the proportion of clmstic mwaterianl for sediment which they yleld

must be 90 percent or more. Sedimentary materials furnished by
these soils 1s similar to the original rock in nature. It has been
derived from the fine-grained parent rocks by mechanical processes
of weathering with little alteration by chemical processes, and as
rock fragment sand, is found to constitute the largest propartion of
the marine bottom deposlits. Clay-sized particles, which also must
be formed, were found in surface deposits only at the inner end of

the most protected bay close by the mouth of a river (E 132).

Agents of Erosion and Transportation.

Agents of subaerial erosion in the Near Islands are primarily
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wind, s£reams, and glaciers. These agents also are active in supply-
ing terrigencus detritus to the sea.

Winds of the Aleutian Islands blow with high velocities at some
seasons of the year (see table IX). Speeds approaching 100 miles
per hour have been recorded and winds of somewhat lower apeed are
relatively coumon during the stormy seasons of the year. Winds of
this force can transport large quantities of sediment if all other
conditions are proper, but s cover of vegetation and a wet or molst
g01l combine to make the work of the wind less effactive. Winds of
these high speeds are largely the result of concentration and funnel-
ing of sir in the larger valleys, ao that much of thelr force 1s
dissipated in areas where the thick moist mat of vegetation does not
favor such transportation. For this reason it does not seem likely
that much sediment is carried into the sea by wind.

The high rainfall on the islands insures a constant flowv of
streams to the sea, snd they are capable of transporting large quen-
tities of sediment. In the summer the streams are clear, but in
epring under the influence of melting snow they are more capable of
removing material.

Streams are aided 1in transporting sediment by processes of
earth slumpage which occur in the islands. Solifluction is a common
process because of the climate and topography. In addition, the
steep valley walls left as a result of glaclation and the intensely
faulted nature of much of the bed rock suggeat that large scale land
slides must occur occasionally.

Desplite the effectiveness of erosion at higher elevations and
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the capacity of the streams, terrigemous sediment is not delivered
to the sea at a high rate because of the small size of the source
areas .

(laciers appear to have been the most effective agents of sedi-
ment transport to the sea within relatively recent times, although
they are no longer present on a large scade. All of the large
valleys have been heavily glaciated and exhibit typical U-shaped,
over-flattened, valley floors. Large volumes of rock have been
removed to develop these land forms. Glaclers have been of further
significance in their effect on subsequent rock weaathering and
stream transportation. They are responsible for the steepened
valley walls which afford poor sites for the development of deep
meture soils, and the flat velley floors which are of such low

gredient that the erosive efficlency of running water is reduced.

Marine Environment

Water Mass of the Western Aleutians.

The water mass which is found in the region of the western
Aleutisn Islands is a subarctic type. Sverdrup (1942, p. 712) has
termed the water north of about 45 E the North Pacific Subarctic
Water Mass. Uda (1935, p. 127) conslders the water with temperatures
below 15° and salinities below 34°/co to be Oyashio Water (- Subarc-
tic Water of Svardrup in part). The temperature of this water
around the Neer Islands varies from about 11.5°C in the surface
layers to 2°C at 1000 meters in the summer. Salinities vary through

the same depth range from abaut 31°/oo to 34.5°/oo (Sverdrup, 1942,
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pp. 712-13, fige. 199, 200; Uda, 1935, 1938; Zeusler, 193k, p. L9).
The temperature and salinity of the upper 100 meters is variable,
being affected by seasonal changes due to heating, precipitation,
and mixing, but below this depth the water is reasonably uniform in
characteristice. From 100 to 1000 meters the temperature changes
from 3° or 4° to 2°C, and the salinity increases from 33.3°/oo to
34.5 */oo. In general 1t may be sald that the surface water around
the Near Islande is cold, south-flowlng, Oyashio Water of relatively
low salinity, the characteristics of which are developed in the

Bering Sea.

Water Temperature.

Study of water temperature 15 important because 1t constitutes
one of the important environmental features of the Near Islands
Shelf. In addition, this information can be used to indicate some
of the features accompanying flow of water. The EIDER, during
Auvgust of 1950, made obaservations of surface water temperature at all
stations and collected a large amount of vertical temperature dsta
with the bathythermograph. These observations were distributed on a
relatively close grid. The period within which this information was
collected is of sufficiently short duration to permit evaluation of
the meximum temperature achleved. This 18 of particular signifi-
cance, beceuse it 1s only during the period of maxjmm water tempera-
ture that the potential extent of variablility can be assessed. More-
over, detalls of temperature distribdution which would be obscure

under conditlons of small range can be studied.
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Naval veasels, operating ir the Aleutians during World War II,
also made many bathythermograph observations disiributed throughout
the year. Thesa records are on file at the Scrip{)s Institution of
Oceanography and were studied. Thus, quite detailed informatlon is
available during the short critical period of the year, and suffi-
clent material during the remainder existe to permit evaluation of
the changes 4n temperature and its distribution, areally and with
depth, which occur on an annual basis.

Bathythermograph records are expressed in degrees Fahrenheit
and. feet. These units have been retained in some of the diagrems,
btut the more conventional fathoms are used in the discussion to
indicate depth.

Distribution of surface temperature in August is shown in
figure 10. When seen in detail the ddstribution is complex, but
viewing the area geperally i1t is apparent that temperatures temd to
be high offshore and low over the insular shelf. Within the area of
detailed study the temperatures are higher in the Bering than in the
Pacific, and these higher temperatures are closer to shore. Topo-
graphic highas in genersl have aasocisted with them colder surface
wvater than 4o the depressions. Warmer surface water tends to lie
along the eastern marging of the main north-south pass in large
isolated patches. The coldest surface water of the ares mlgo 1s
found in the main pass and overlies an area of relatively shallow
bottom which is highly irregular in contour. Although the i1slands

are surrounded in general by colder surface water (see especially

Agattu), the heads of the deep bays on Attu contain water which is
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somevhat vaimer than 4n adjacent more exposed areas. Two large cold
areas are indlicated off the northwest coast of Attu. The observa-
tions which establiched these latter features were made during one
pericd of flood tide and can be comsidered synoptic.

The cross sections of temperature distribution (fige. 11, 12,
19) show much of the same complexity. They serve to indicate further
the correlation between irregularity in the bottom topography and in
the temperature structure of the overlying waters. Another feature
brought out by these figures ig the tendency of the isotherms to
diverge over the insular shelf. This 1B seen on the surface chart
a8 A decrease in temperature toward the islands. The vertical
temperature sections showthat there is an eccompanying increese in
temperature of the bottom leyers. This probably is the result of
vertical mixing induced by flow over the bottom and results in a
water column which is more homogeneous in temperature throughout a
particular depth range in the shallower water than would be found in
a comparable depth range farther to sea.

Before it is possibdle to discuss the temperature distribution
at other seasons of the year, the amount of the annual change and
the depth to which it 1s effective must be known. Adequate data are
pot available for this development within the immediete area of the
Near Islands., However, by using information from aereas closely
adjacent, a reliable cycle cen be portrayed. Figure 14 shows this
cycle in the fbrm of actusl bathythermogrems. Three records which
are representative of each month have been selected for this figure

from those studied. ‘Table X gives the positions where these records
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Table X

DISTRIBUTION OF BATHYTEERMCGRAMS

SHOWN IN FIOURE 1k

Surf.

Water BT

BT Date lLat. Long. Temp. Depth Depth

Month Number Taken N N °F) (Fath) (Feet)
January V-61-1 1 1-k- 52-5 173-15 3 50 90
V-21-3 8 1-25-44% 51-51 172-42 39 - 303
v-112-4 3 1- 7-44 52-28 172-00 37-5 1200 210
February v-66-1 092 2-17-%  52-50 175-05 3B 2000 70
V-66-1 94 2-21-b4k 53.00 174-00 38 -- 140
V-66-1 93 2-18-44 52-52 173-40 38.2 380 140
March V-66-2 3 3-11-44  52-42 174-0% 36.5 0 175
V-6l-2 9 3-18-Lk 52-51 174-30 37.0 1900 150
~_V-61-2 10 3-18-kh4  52-54 174-00 37.5 1200 210
April V-19-5 13 4-8- [k 52-4B 173-50 38.5 63 225
V-19-5 1k L-6- 44 52.50 174-00 37.1 1050 225
v-19-5 15 4-6- 4 52-50 174-11 37.5 - 225
May V-60-2 2  5-16-B4k 52-35 173-52 38.0 B3 200
V-60-2 3 5-36-b4 52-39 173-58 38.0 79 200
V-23-1 1 5-19-43 52-40 174-35 %0.0 500 170
June V-16-3 67 6-26-k3 62-50 173-38 k2.2 500 290
V-16-3 69 6-27-43 52-55 174-36 43.0 1500 290
_ V-15-3 65 6-19-l4 52-55 174-16 43.5 2130 175
July V-19-6 & T- 4-44  52-59 17h-31 5 2150 190
V-19-8 7 7- 4-bh  s52-54 173-58 45.0 1560 225
v-66-4 7 7-31-44  s52-4o 171-50 418.2 1200 400
August  GS-1 El175 8-17-50  52-19 174-00 LB8.2 75  WhO
v-19-3 61 8-18-43 52-59 173-50 49.0 -- 130
V-19-2 169 B8-10-43 52-58 17Th-22 50.0 -- 270
SeptemberV-174-1 18 9- 3-45 52-45 174-16 LT.h 2200 350
vV-19-4 67 9- 3-43 52-59 174-59 L7.9 -- 310
V-19-4 70 9- 3-43 52-53 17%-53 48.5 -- 330
October V-19-7 22 10-31- 52-51 175-05 LL.3 700 420
v-19-k 26 10-12-k3 52-57 174-02 Wl 7 -- 230
V-21-2 18 10-25-43 52-30 17440 4s5.1 -- 220
November V-66-1 50 11-25-43 52-35 173-50 L2.L - 160
V-27-3 2 11-10-hk  52-48 173-49 Lk .0 58 130
V-19-7 1 11- 3-44 52-48 173-55 Ll .5 160 275
December V-66-1 58 12- 1-43 52-35 175-10 Lo.o - 210
V-66-1 60 12-.2-43 52-L0 17h--- Lo.s -- 210
V-66-1 65 12- 8-43 52-48 173-32 Lo.9 50 210
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were obtained together with the times st which they were taken and
other appropriate information.

Figure 1 shows that the temperature reaches & minimum in
February to March and wvarms in the following months to & maximm at
the purface in August. From the maxirum, the temperature drops
until the following February or March. These observations agree
with average values in table IX. The response by the water columm
to the agente causing changes in temperature 1s also well brought
out by the figure. The cold, isothermal weter column 1in April is
varmed gradually from above in the ensuing warmer months. A small
thermocline develops at the surface in May as vinds decrease in
speed and becomee steadily deeper and more pronounced with the
passage of time until August. The month of August shows a slightly
anomalous picture. In September, however, the thermocline is still
deepening but beginning to be less pronounced. Increase in wvind

velocity and evaporation, decrease in alr temperature and absorbed

radiation, and deepening of the mixed layer with a diminished thermo-

cline development continue until probably January vwhen the water
colum in the upper layers again is 1eothermal to considerable
deptha. The temperature of the water continues to diminish until
the minimum is reached, when the trend is reverged. The precise
depth to which the annual change is effective cannot be determined
from the available information. The fact that the temperature in
the surface layer reaches a minimm of about 36°F and the water
colum 1s jsothermal vertically, however, suggests the change must

extend to depths of 100 to 200 fathoms. Below this depth of change
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a température inversion appears to be likely during a short period
of the year, as a temperature of 36°F is not found at deep stations
in the area above approximately 1000 fathoms. Regardless of the
absolute depth to which the annual change is effective, all of the
shelf area is sBubject to the cyecle.

Knowledge of eannual changes permits evaluation of temperature
distribution, both vertical and horizontal, in the water on the Near
Islands Shelf during other periods of the year. Figures 10, 11, 12, '
13, and 1% show that m‘August temperatures may be found at the pur-~
face in some places which are characteristic of depths as great as
25 fathoma in the normal vertical temperature distribution over most
of the shelf. This condition leads to surface temperature varia-
tions of as much as 8°F within the area. Variation of surface
temperatures at other seasons 18 less, as the vertical distribution
of temperatures becomes more uniform. Surface temperatures yprobebly
are nearly uniform over the shelf when the isothermal layer extends
below the general level of pronounced roughness elements.

Figure 15 shows the diatribution of temperature at the bottom
during August as indicaeted by EIDER bethythermogrems and also can be
used to give the extent of annual bvottom temperature variations.
This variation car be arrived at by subtracting the minimum tempera-
ture reached in the area (about 36°F) from the temperature shown on
the figure at the deslred location. The value derived in this
mamner will not be precise for all locations because of the nature
of the annual temperature cycle. Figure 14 shows that temperatures

may be higher at depths from about 50 feet to 50 fathoms during
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September, October, snd November then in Avgust. Thus, for depths
between 50 feet and 50 fathoms the maximum range of temperature
averages approximately 2°F greater than is indicated by figure 15.
The annual temperature cycle of the Near Ielands is a product
of changes duve to local absorption of rediation and climate and
changes resulting from currents flowing from other regioms, The
relationship of the benthonic Foraminifera fauna to temperature
condttions in the Near Islands has been discussed. This fauns con-
siets of species whose distribution apparently is controlled more or
less by the temperature regimen and therefore reflects this regimen
in the bottom sediments. The diatom flora of local origin appesrs
to 11lustrate this same control. Insofar as temperature 1s the
product of local conditions, these organisma reflect those conditions.
Planktonic Foraminifera and dlatoms, however, are distributed by
currents and are characteristic of water masses with properties
developed over wider areas. The relationship of these organisms to
the environment can be understood only through an understending of

these larger ecale phenomens.

Salinity.
The distribution of salinity around the Near Islands is less

well known than the temperature distribution. The little information
available has been cited in the treatment of the water masa of the
area. All that can be added 18 on the probable nature of the verti-
cal and horizontal distributions end the annual cycle.

The climate, currents, and effects of bottom topography and the

/396/37"‘ /(;ydtc /5
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ialnn&s probably exercise primary control on the magnitude end dis-
tridution of salinity, as with temperature. Zeusler (1934, p. 49)
gives the results of salinity determinations made.in August near
Attu, and from these something of the magnitude of the variations
can be predicted. The surface salinity at the Chalga station wes
31.00° /oo and at 25 fathoms it was 31.85 ®/oo. If this represents
the greatest range of salinity between these depths in the area, the
surface salinities can be expected to vary within these limits over
the aresa in a manner analogous to the temperature varistion.

The strong winds and cooling of fall and winter produce a mixed
layer through which salinity is distributed equally. Selinities can
be expacted to increase during this period of the year, despite the
somevhat greater rainfall, because of the increase in evaporation
(Jacobs, 1951, p. 85). If the malinity at 160 fathoms in August
furnishes an indication of the amount of this increase, as does the
temperature at that depth and time, surface salinities reach a maxi-
mm in the spring of sbout 32.7 °/oo. In general salinities probably
vary between 30 and 33 °/oo.

Land magses may have promounced effect on salinities of adjacent
marine water because of dilution by large streams. The Near Islands
are not large enough, however, despite the heavy rainfall, to ocontri-
bute large volumes of fresh water. The effects of rainfall are
lessened further because fresh weter drainage is well distributed ¢o
the Bea by a pumber of streams entering et widely scattered points.
Surface waters at the heads of deep embayments where these streams

enter mugt be pomevhat less saline than the average surface water,
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but free connection with the open sea and strong currents insure

rapid mixing so that the influence probably is not pronounced.

Minor Chemicael Constituents.

Even less is known about the distribution of the minor consti-
tuents than is ¥mown about the salinity. Barnes and Thompson (1938,
table 16, pp. T9-80) give the results of measurements of phosphate
and silicate north of Adak in the Bering Sea; these meagurements
being the closest to the area that are available. The range of
values at the surface and at 160 fathoms i@ given in the following

table together with pH values at the same depths.

Table XI
Depth Distribution of Minor Chemieal Constituents
North of Adak Island

(from Barnes and Thompson, 1938, Table 16)

P Si
Depth (acg at./L) (meg at./L) pH
Surface 1.25-1.3 40-50 8.15-8.2
160 feet T 2.2- 2.3 80-90 7.9

The velues for phosphate and silicate agree quite closely with
those found in the extreme South Atlantic and South Peclflc oceens.
They are higher than those found south of the Aleutien Ridge near
Adak, a condition which is explained by Barnes end Thompson (1938,
p. 60) as £he result of turbulence and vertical mixing induced as

the waters cross thls ridge.
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Semi-Permanent Currents of the Western Aleutiane.

The current pattqrn in the western Aleutiens ie not well under-
stood., This lack of understanding is in part a function of geographic
isolation and the weather conditions of the area. The region also is
one vhich lies on the border of American and Russian spheres of con-
trol. A number of oceanographic expeditions to the Bering Sea have
been conducted, but because of internationsl complications, Investi-
gations largely have avoided the border zone. Thus, while mch
information has been obtained oun surrounding areas, polltical and
security considerations govern acquisition and publication of results
on the margins, and the older literature must etill remsin the
primary source for the Western Aleutians,

The lack of understanding is not entirely due to a leck of
etudy. The reglon is extremely complicated in its current pattern.
The work of Japanese oceanographers (Uda, 1935, fig. 49b, p. 91, pp.
126-130; Uda, 1938, figs. 4a, b, ¢, pp. 16-18, pp. 64-66; also
Sverdrup, 1942, p. 721) has indicated the nature of the complexity
in the region of mixing of the Kuroshio and Oyashio currente south
and southeast of the Kamchatka Peninsula. Their studies show a zone
of large eddles where these two currents meet. Seasonsl or long-
period variation in the volumes of water transported by these currents
probably also contribute to the uncertainty (Sverdrup, 1942, p. 721;
wlst, 1929, p. 49). Any variation in the velocity, the volume of
transport, or the locus of movement of any one of thePaJor currents
in the area must affect all others In some measure since they are

later-related in time and space. Some jidea of the extent of tha
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complication can be gained from the observations made on Bering's
voyage of discovery to the American continent. Assistant Navigator
Xnarlan Kushia, of Bering's veseel St. Peter, notes, after almost a
year (November, 1741 to August, 1742) on Bering Island of the
Xoundorskis, the following current observations (Golder, 1922, Vol.
I, p. 237): "When the west wind blew, it brought from Kamchatks to
this island building timber vhich has been in use, (such as) emeshed
boats and Koriak deer sleds. When the east wind blew it brought from
America big pine trees, cars, and weapons such 88 are used by the
natives of America but not by those of Kamchatka.” These remarks
repregent the first attempt to analyze the currents of the region.

Prior to 1933 moat of the knowledge of the currents in the
western Aleutians was derived from ships' records. The 1931 edition
of the Coast Pilot (Alsska, Pt. II) gives a summary of conditions
based on these observations; one which has been quoted in most
reports on the area gince its appearance. This report {p. 43)
observes:

"As far west as Attu Idland, water flows through the passes

of the Aleutian Islands from the Pacific to the Bering. A

rising tide increases the current to the north. A failing

tide reverses 3t to the south, but this flow is of gmaller

velocity. Immediately north of the Aleutian Islande from

Attu Island to Unslaska Island, the currents set toward the

east and are not affected by tides."

Shortly after this statement was published a number of expedi-
tione visited the Bering Sea. Some of thesge did a limited amount of
vork along the Aleutian Islands, furnishing most of the oceanographic
obgervations which are avallable. Unfortunately, the results of

these investigations do not entirely agree.
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In 1932 and 1933 two Russian vessels made observations along
the Siberian coast and the southern margin of the Bering Sea almost
to Bristol Bay on the Almsksn coast. Principally on the basis of
these observations, Ratmanoff published a review of the current
patterns of the Bering Sea and Rorth Pacific Ocean immedistely south
of the Komandorski Islsnds (Ratmanoff, 1937, portions tramslated
from the Russian by Mr. Warren 8. Wooster; elso English summary, p.
117; cited by Goodman, et al, 1942, pp. 116-118). Eis chart of
current patterns of the Bering Sea and the Rorth Pacifle Ocean,
computed from the distribution of density from O to 100 meters,
shows a large counterclockwise eddy lying to the west of the Rear
Yslands. The water in this eddy moves south along the esst coast of
8iberia to a polnt south of the Komandorski Group where it turns
east and f4nally northeast. The portheast flow of this current is
shown moving past the northwest coast of Attu and into tha Bering
Bea. The part of thie current chart in the region between the Fox
and Komandorski islands is based on only five oceanographic stations
vhich are not well dietributed (see Ratmanoff, 1937, esp. figs. U,
8). It is felt that comstruction of a current chart on so few data
is unsafe, particularly when the Indicated currents are in dlsagree-
ment with the experience of most vessels in the area. These results
agree, however, with the observetions of Makarof in 1894 (cited by
Stejneger, 1896, pp. 8-9, P1l. 2, 3) between Kamshatke and the
Komandorski Islends and show a distrivution of demsity indicating a
south-directed current. DPortions of the Ratmanoff chart in the

region of the Near Islands have reappeared in later publicetlons
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(Goodman; et al, 1942, P1., 37; Pattalle, et al, 1950, fig. 32).

The report of the voyage of the U. S. Coast Guard Cutter Chalan
(Zeusler, 1934) contains a reference to the currents of the western
Aleutians. This report states (p. 1b):

"The Kuro Suvo or Japanese current, breaks on the vestern end

of the Aleutian chain. Ralf flows eastward south of the

Islends and carries with it the wvarm moist atmoaphere which

is condensed on the snow packs and sinks downward in the fine

and deliciousmist that gives the grass its vivid, brilliant,

perpetual green. The other half passes northward into the

Bering Sea."”

Barnes and Thompson (1938) investigated the character of flow
north and south of Adak Islend in the Andreanof Group in June and
egain in August of 1933. They found (pp. 64-65, PL. 24, figs. A, B)
that the surface water of the Pacific 4O miles off the coast of Adak
flowe to the north with velocities greater than 0.3 knots. This
northvard movement may be accompanied by a slight easterly component.
Closer inshore, the water wes deflected to the west "by the Aleutian
Ridge and the islands." The water in the Bering Sea Just north of
the islands flowed parallel to the ridge in an east and rorth direc-
tion. 8ome LO miles north of the islands the current had a velocity
component to the west of 0.1 to 0.2 knots. The westerly trend of this
current in the Pering Sea was larger in August than in June.

Currents in the Pacific were essentially unchanged during the inter-
val. Between Unlmak and Unalaska Islands of the Pox Group, Pacific
water set north into the Bering at velocities up to 0.4 kmots (the
USC&GS, in a letter dated 3 July 1951, astate that an average velocity
to the north of 0.5 knots ig used in theilr computation of currents

in Unimak Pass). West of Unalaska Island the velocity component to
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the nortﬁ into the Bering was less, but the general tranasfer of water
from the Pacific 1nto_the Bering Sea was present. These observations
constitute an enlargement on similar notes published earlier (Barnes,
et al, 1935).

In August of 1937 the USG Bushnell occupied 18 oceanographic

stations in a traverse from Adak to Cahu (Revelle, 1937). Fleming
and Revelle (1939, p. 114, fig. 1l4) present the cross section of
dynamic heights obtained from these observations. The distribution
of dynamic heights indicates a general easterly movement of water
south of Adak. This profile was begun about 100 miles gouth of Adek
and the next station wvas TO miles farther to the south. The profile
indicates a general rise of isoharic surfaces to the south, but the
distribution of stations precludes the possibility of detecting rels-
tively small scale fluctuations in the current. Because of this the
results cannot be considered to be in disegreement with the observa-
tions of Barnes and Thompson in the same area.

Sverdrup (19%2, pp. 722-23, Chart VII, figs. 202, 203) discusses
currents in the North Pacific at some length. He concludes that the
east-flowlng warm water of the North Paclfic Current does not extend
north of about 45°N. North of this warmer water is the Aleutian
(Subarctic) Currant also carrying to the east water which is formed
by mixing of Kuroshio and Oyashio waters and is modified by cooling
and excees precipitation. This current ls said to branch and one
portion flowe northeast past the Near Islands into the Bering Sea
vhere it enters a counterclockwise gyral (p. 722, fig. 205). This

gyral circles the Bering Sea, is greatly modified by cooling and

145



N e

eventually flows south along the Siberian coast as the cold Oyeshlo
Current. The other branch of this current continues flowlng to the
east. It eventuslly divides again, and a portion turns north and
enters the Oulf of Alaske to form the counterclockwise-moving Alasks
Current. This current eppears on the one hand (fig. 205, p. 727) to
merge with the east-floving Aleutian Current south of the Alaskan
Peninsula, and on the other hand (Chart VII), to continue with
lessened volume in a westward direction south of the Aleutien Chain
to the longitude of the Rat Islsnds (178° to 180°E).

Although no additional oceanographic gtations have been occupied,
A great number of observations of shipa' navigators have become
avallable. This is due to the unprecedented activity in the Western
Aleutians during World Wer II. These observations have been resolved
and appear in publications of the U. S. Coast and Geodetic Survey and
the Hydrographic Office of the Navy.

The Coast Pilot (Alaska, Pt. II, 5th {1947) ed., p. 352) makes
some general remarks on currents in the Aleutlan Islands which indil-
cate the progress of knowledge.

"Southward of latitude 50°W., there is an eastward drif't
acroes the Pacific. An eddy, accompanying this flow, sets
weatwvard along the south shore of the Alaska Peninsula and
the Aleutian Islands and then drifts through the pesses into
the Bering Sea. These currents form a part of the general
circulation of the North Pacific Ocean.” -

"Through the Aleutian Island passes, the velocities of
the currents caused by tidal and wind affects are large
enough to mask the continual northward drift through the

passes.”

"In the past, numerous reports have been received to the
effect thet the flood currents flowlng into the Bering Sea
are very much stronger than the ebb currents. These reports
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have been largely discounted by observations in a number of

the passages which in general reveal equally strong ebdb

currents flowing through the passes from the Bering Sea.

It is believed that on account of the large diurpal inequality

in the current of this region, mariners have been deceived

by the long periods of flood current that occur near the

times of the moon's maximm declination.”
Thie passage shows the value of a re-examination and reappraisal of
the older records and obvservations in the light of more recent dsata.

Study of the Current Charts of the Northwest Pacific Ocean (H. O.
Misc. No. 10, 058-A, 1944) end Pilot Charts of the Rorth Pacific
(H.0. Fo. 1401) for 1949, 1950, and 1951 gives a picture which
differs from some of the ¢lagsical concepts outlined above. Perhaps
the main feature shown on these charts 1s the varieble character of
flow in the area. The currents in general change both direction and
poeition in time, and no pattern on a single map can indicate the
detailed changes in the character of flow. 8Second, the flow west of
Attu northeast into the Bering Sea seems to be unimportant when con-

sldering an average current distribution. The only suggestions of

- this flow which appear in the Current Charts are shown during March,

May, and August. The Pilot Charts give no indication of its presence.
In both publications the currents which are depicted move in an
opposite direction (i.e., to the south, southwest, or southeast)
either most or all of the time. Third, the permanent flow from the
Pacific north into the Bering Sea between the islands which has been
referred to above appears to be invalid in the Western Aleutians.
Barnes and Thompson {1938, p. 65) note a tendency for the velocity

of thie flow to diminish to the west from & maximuim in Unimak Pass.

Their observation 1s in close agreement with the pattern presented
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in the charts of the Hydrographic Offdce derived largely from obser-
vations of ships' navigators. The northward flow, marked in Unimak
Paes, appears to decrease in intensity to the vesﬁ, to reach a zero
value in the region centered around the 180th meridian, and west of
this, a general revergsal of this flow to one from the north seems to
be indicated. Finally, the concept of & gepneral essterly flow in
the Bering Sea just north of the Aleutian Chain appears to require
some modification. The counterclockwise circulation north of the
Aleutiens in the eastern Berimg is thoroughly substantiated by
numerous observations. The flow pattern north of the western Aleu-
tians, however, can be reinterpreted using the work of Barnes and
Thompson in conjunction with the current charts and the work of
. Japenese biologiste. Japahese fisheries biologists working in the
northern Pacific Ocean and the Bering Sea have detected differences
’—i§§ : in the organisms iohablitiing these bodies of water. Of the animals,
copapods were abundant in the Bering Sea, spreading intg the Pacific
between the Rat and Near Islands. On the other hand the Pmeific
was rich in tintianids (Aikewa, 1936). Judging from the distribution of
Planktonic organisms, Aikawa (1936, p. 26) states: "The Bering
water flows out to the Pacifiec through the passage between the Rat
and Near Islsends, while the Pacific water lanvaded the Bering Sea,
especially along the comst of the Rat Islands." On the dasis of
these data, the path of & water particle moving in the current
apPears to turn to the northeast as it emerges between the Andreanof
or Rat Islands into the Bering Sea. Instead of continuing east,

. S however, as has been suggested earlier, it turms back to the
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northueat'and £inally, moves to the west. This same water particle
may ultimately return to the Pacific, either east or west of the
Near Islands in a curreat with s south compoment of flow,.

A report covering the analysis of several thousands of bathy-
thermograph observations in the Aleutisn area was recently issued
(Pattulle, et al, 1950). Part of the chart of surface currents in
the Bering See as published by Goodman, et al (1942, P1. 37) was
used in the interpretation of the data. Howaver, these data can be
interpreted in the manner suggested above which seems more consistent
vith the pattern of flow indicated by the work of Barmes and Thompson
around Adak Islsnd (1938), the distribution of density suggested by
the bvathythermograms, the observations of ships' navigators in the
Western Aleutians, and the Japanese biological data., In making this
alternate interpretation it must be remembered also that the water
vhich flows through the shallow pasges of the Aleutian Ielands 1is
thoroughly mixed vertically, a fact which results ia cooling of the
gsurface layers (esee this report, p. 129; also Rarnes and Thompson,
1938, p. 52). This cooling of the surface layers may be indicated in
the downstream direction of flow as a tongue of colder water.

With these various points in mind, construction of a chart of
average current directions im the Aleutian region seems feasidle as
shown in figure 16. In drawing this chart the great variability of
currents 1n the region is recognized and therefore, the figure is
taken to represent an average current patterm. The eastern portion
is based chiefly on previous charte supplemented by observetlions of

ships' navigators. In the central portion (the region of the
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Andreanof Islands) the work of Barnes and Thompson was used as the
primary fremework, The western section 1s drawn largely on the basis
of the experlence of vegsgele in the region and the results of
Japanese oceanographers and bilologiets, but is controlled by the
density distribution suggested by bathythermograph data and further
by tbe Ratmanoff and Mekarof data in the extreme west. The chief
differences in this chart and many of the foregoing ones is the
presence of the counterclockwise eddy centered around the Rat Islands
and the absence of the strong nmortheast flow into the Bering Sea
west of Attu Telend.

Speeds associated with this current pattern in the Western
kleutians seem to be generslly low. Drifts dur to seml-permanent
currents observed aboard ship in thls area range from zero to rarely
a3 high ss one knot. The most probable average speed appears to dbe
of the order of 0.2 to 0.3 knots.

The foregolng synthesis and the resulting chart of average
currents 1s not without other controls as well, although oceano-
graphlc observations are scarse. Filgure 17 shows the distribution
of stream lices of flow agsociated with this current pattern. The
Pilot Charts of the North Pacific (H.O. No. 140l) show the average
position of the Aleutlan Low Pressure Area to center 1n the region
of the Rat and Near Islands from September to May. The currents at
the sea surface which would flow in response to the streas exerted
by the counterclockvise circulation of winds around thls low pressure
area when a dynamic equilibrium . has been attained sre in good theore-

tical agreement with the cheracter of flow in the Bering Sea deduced
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. | from the .considera.tiona used in constructing the current chart.
The pattern of flow shown in figure 16 takes water from the
North Pacific and subjects it to modification by -cooling in the
Bering Sea. During this process the water develops planktopic popu-
lations of Foraminifera and diatoms which are characteristic of
thepe same regiona, in addition to temperature cheracteristic of
high latitudes. Southward flow from the Western Bering Sea brings
these populations by the Near Islande vhere some of the skeletons
are deposited. Thias process also modifies locel effects of climate
%‘?Qé? in determining temperature characteristics of the water.
The nature of the planktonic Foraminifera fauna of the Rear
Islands seems to corroborate the conclusions on the general current
. ' pattern ag well, This feauna is the same as that found by Phleger .
(1952b) in the Cansdian Arctic and in high latitudes of the Atlantic
Wil and is a characteristic high latitude fauna. The planktonic faunsa
reported by Nausawa {1928) is similar ip most respects to that
described by Parker (1948), Phleger (1939, 1942), Phleger end
Hamilton (1946), and Phleger, et al (1953) from the warmer waters of
the Western Atlantic. Phleger and his co-workere have found where
mixing of waler masses of different characteristics occurs, mixtures
of the characteristic faunss are found in the underlying bottom
devosits. Thus, the abesence in Near Islandg sediments of warmer water
Foraminifera such as found by Nansewa below the Kuroshiwo suggests
the warmer water masses are not introducéd into this region as one

component of a mixture.
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Tidal Currente.

Some knowledge of locsl tidal currents is necessary %o an under-
standing of sediment distribution in the Near Islands. Tidal currents
frequently are strong and, in conjunction with wind wvaves, mare of
primary importence in the transportation and deposlition of sediments.
Such knovwledge is not available directly as tidal currents in the
Aleutian Islands have recejved little study. Cuwrrents have been
measured on 8 wore or less comprehensive basls at only nine stations
throughout the Aleutians, and most of this work has been done in the
eastern portion (Current Tables, Pacific Ocean, 1950, p. 125).
Because of these conditions, evaluation of the distribution of tidal
currents in the Near Islands must be mwmade by reference to the
chargeter of the currents in edjacent better known areas and on the
basis of visual obpervations and estimates. These interpretations
are controlled by the few existing measwrements.

Records of the U.S. Coast esnd Geodetic Survey indicate that in
the Aleutisn Islande the current generally flows into the Bering Sea
on the flood and into the Pacific Ocean on the ebb. It was thought
for meny years that the flood currents were much stronger than the
ebbs (Coast Pilot, 1931, p. 43), however, more detalled observations
in a number of passes ln recent years have shown this bellef to be
false (Coast Pilot, 1947, p. 352). In eome ereas the opposite is
the ocase.

Passes between the Aleutlian Iglands may be the loci of very
strong tidal currents. Speeds have been reported up to 12 knots in

Akun Strait in the Fox Islands. However, speeds of tidal currents

154



tend to decrease toward the west (Current Tables, Pacific, i950, P.
125). This decrease in maximum recorded speed is in part the respult
of some cause other than the change which occurs’in the character of
the tide end way be because cross sectionsl sreas of the western
paspes are greater. Increase in cross section permits the same
volume of water to be trangported in the same time with lower speed.
In general an inverse relstionship exists between the cross sectionel
area of a pasg and the speeds of tidal currents. During periods of
high winds associated with high spring tides some of the narrowver
pesses are subject to a phenomens respenbldéng a tidad) bore (Coast
Pilot, 1947, p. 353). The bottom topography also has strong control
on the tidal currents; irregular bottom topography found in many of
the passas causes great whirle, eddies, and reversals of flow msking
genersalization di fficult,

The Coast Pilot (1947, pp. 485-99) contains e number of quali-
tative references to currents at various localities in the Near
Islands. In some ceses thepe references are accompanied by estimates
of current veloclity. This information is primarily the result of
work of the field parties of the Coast Survey which were in the area
for several years. Other current obsexrvations im the form of nota-
tions of the location of tide rips appear on the field sheets pre-~
pared by these workers. The EIDER group undertook noc program of
current measurements. General observations were made, however,
which corroborate, and in some cases amplify, similer observations

of the Coast Survey. The pattern of temperature distribution
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obtained by the EIDER also can be used in comnection with tidal
current, data as an aid in interpretation.

The few current measurements made by the U.3. Coast Survey are
the only quantitative date avallable. This agency, In reply to a
letter requesting all available current informstion in the Near
Islends, gave the following statement (letter of July 3, 1951).
"Current measurements were made near the northwest
coast of Attu about 5 miles northesst of Cape Wrangell.
They were made with current pole and live and represent the
average current for the first 14 fest below the surface.
They covered two tidal days during the period, July 17-19,
1946. Mesn velocities of northeastwsrd and southwestward
strengths derived from the observations, are 1.4 and 0.9
koots respectively. These values include the resultant flow
for the period of the observations, which was lesa thau 0.1
knot and in a southwestward direction. The current mets
northeastward about 9 1/2 hours and southwestward about
15 1/2 hours of the tidal day."
"The only other record of current measurement in this
vicinity contained in our files is that of a single current
observation made off Kolobnikof Point, Attu Island on July
12, 1945, which showed a southeastward velocity of 1.1 knots.”
Northeastward flow i{s the flood tide and southwestward flow is ebb.
The Current Tables give a maximum flood velocity of 1.8 knots, a
figure which gives only an indication of what the speed of the maxi-
mun current may be as the observations cover a very short perlod of
time. The Current Tebles for 1946 show the speeds at Unimak Pass
for this same period to be below the maximum speeds at this station
by one-third. Thus, it would appear that maximum velocitles north-
east of Cape Wrangell could be considerably iun excess of those regis-
tered in the Current Tables.

Despite the differences between the general areal pattern and

the detalled distribution in any particular region, these observations
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give a foundation for developing en interpretation of the tidal
currents. Figure 18 shows inferred distribution and velocities of
surface tidal currents. The cross-batched arrows of this chart
indicate the generalized pattern of flow but nothdng of the actual
pathe of water particles. These paths are much more complex, the
water probably moving in great whirls and eddies controlled in poei-
tion by topographic eminences. Current speeds over the area
generally are related on the chart to the observed speeds northeast
of Cape Wrangell (see arrow notetion). Comparison of the cross
sections of the passes between Attu and the Semjchi Islands and
Krysil Pass in the Rat Islande where speeds have been measured
suggests currents may xange up to a maximum of about four knots in
the former. Temperature data show that the high speeds end the
irregularities of the bottom cause flow in most of the area of the
Rear Islands to be highly turbulent.

Quantitative data relating the speeds of tidal currents at the
eurface to those near the bottom are scarce and somewhat inconclu-
sive (cf. Stetson, 1938, p. 33), however, these currents tend to
persist at depth with relatively small speed changes. Shepard (1948,
P. 57) cites measurements made in the Golden (ate where the speed of
a tidal current three feet above the bottom wms ebout one-half of
that at the surface. He attributed the decrease in gpeed to friction
with the bottom. It 1s probably safe, therefore, to assume that
speed of tidal currents on the bottom 1s 1n direct proportion to the
surface speeds asg modifiled by details of bottom topogrephy. Tempera-

ture data also suggest this conclusion, indicating greatest turbulence
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in passes where speeds are highest and over irregular bottoms.

Wind Waves.

The nature of wind waves which occur throughout the year in the
NRear Islands is known only epproximately. Larger waves are the ones
of particular interest as they affect both the bottom and the water
column to a grester extent than do smaller waves. Bigelow and
Edmndson (1947, Pl. 9-16) give the average results of wave and
swell cobservetions by mariners over & long period of years in the
North Pacific in August and February. These 1llustrations show that
high seas and swell occur from 10-20 per cent of the time in August
and from 30-40 per cent of the time in February. Sea is designated
as high vwhen waves are greater than 8 feet, whereas swvell must be
greater than 12 feet to be so designated.

More precise knowledge 1s not directly available; however, it
is possible to calculate the characteristics of waves which might be
encountered at different times of the year from the nature of the
winds as given in the Atlas of Climatic Charts of the Oceans (1938).
Using H. O. 604 or tables 4, 5, and 10 and figure 5 of Bigelow and
Edmunderon and making certain assumptions these calculations have
been made. Table XII summarizes the assumptions and results. The
summer waves are in close agreement with onee which were observed
aboard the EIDER during (A) a short aquall of one day duration in
the middle of August and (B) a etorm of nine days duration in late
July. No direct chack is available on the winter wave. It is felt

that & wave of such characteristics is close to the maximum which

foge /S5 fog. /8
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might.be experianced. The compilation of storm wave characteristics
by Bigelow and Edmndson (pp. 23-26) and of seasonal variation in
wave charecteristics in the North Paucifie by the Maritime Safety
Agency of Japen (1951)}/ suggest, however, that waves of this magni-
tude may be common in thies area during the winter. Because of the
variable wind direction and the exposed posltion of the Near Islends

these waves probsbly can approach from a number of directions.

Table XIT

Computed Wave Characteristics in the Near Islands Area

Sumner Winter

Asgumptions A B [

Wind 15 knots 30 knots 40-50 knots

Duration 50 hours 20 hours . 30-40 nours

Fetch 500 miles 300 miles 500 miles
Wave Characteristics

Length 20 feet 300 feet T40 feet

Beight 5.5 feet 16.5 feet 35.6 feet

Period . 6.7 seconds 7.6 secnds 12.0 seconds

The depths to which waves are effective in disturbing the bottom
and ceusing the movement of sediment 18 a point which often has been
discussed with various conclusions being arrived at dy the different
authorities (cf. Johnson, 1919, pp. T6-83; Bigelow and Edmundson,
1947, p. 11; Shepard, 1948, pp. 46-4T7). The general concensus
aeppears to be that the effect of surface waves extends to a depth
equal to sbout one-half the wave length of the wave in question.

Figure 19 has been prepared from theoretical equations using wave

;/ Up to 50 per cent of theilr observations in February showed seas
to be very high, precipitous, or confused.
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THEORETICAL ORBITAL CURRENT .
VELOCITIES DUE TO SURFACE WAVES
ON BOTTOMS OF VARIOUS DEPTHS
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characteristics calculated above to show the maximum horizontal
speeds which are associated with these waves on bottoms of different
depths. The indicated speeds are to be consildered as approximations
because of the inadequacy of the equations to express conditions in
shallow water. In sddition, curve D is included to show the influ-
ence of wvave height on horizontal current speed. Cheracteristics of
wave D are the same as those of C except for height. The figure
ghows that the greater height of wave C makes its effect on the
bottor greater than that of wave B at the same depth. Thus, the
hoight of the wave as well as its wave length must be considered in
Judging the ability of waves t0 move sediment at a particular depth.
Wave B probably is typical of the worst storms which occur in
the Near Islands during the surmer. Wave C, on the other hand, may
be expected in conjunction with the storms which commence in late
October and continue until epproximately April. This is the period
in which the intense cooling of the water and the development of the
thick homogeneous surface layer is experienced, and it 18 these high
winds end waves of type C, occurring with some frequency, which mst
be responsible in large measure for the thorough mixing which takes

place,

Distribution of Kinetic Energy.

The discussions of tidal currents and wind waves and the chart
of bottom topography enable a qualitative estimate to be made of the
distribution of kinetic energy on the sea bottom associated with the

motion of water. Such a distribution must be qualitative and on a
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relative basis because of tha nature of the data. Figure 20 shows the
areal variation in kinetic energy level due to horizontal speeds of
veter particles near the bottom in terms of varying density of
pattern. This diagram may represent the distribution of either
kinetic energy or bottom stress as both of these forces are proportion-
al to the square of current apeed. The pattern was drawn from the
areal and vertical distribution of speeds associated with tidal
currents and wind wvaves and the modifying effects of the bottom on
these currepnts. Modifying effects of the bottom lnclude the refrac-
tion of vaves and increasing or lowering of tidal ewrrent speeds on
adjacent and downstream bottoms by topographic features.

Areas of intensive wave and/or tidal current sction are shown
heavily stippled, vhereas areas with light stippling are protected
from currents. Large waves strike the coasts of all the 1islends.

In winter borizontal orbital speeds essociated with these wvaves are
effective in digturbing the bottom on moet of the shalf. Effects of
these vaves are intensified on the numerous headlards of the islands
by wave refraction over the seaward-extending noees (Munk and Traylor,
1947). Concentration of wave energy on headlands in this manner
greatly reduces that reeching the heeds of the deap bays. Southeast
of Attu the irregular moraine topography further decreases wave
energy io the bays. Large waves may be breaking heavily on the sub-
merged reefs and pinnacles while comparative calm exists near shore.
Tidal currents flowing ecross the shelf are concentrated in the
passes and disperged over the more open shelf. The moraine topography

off Attu tends to direct flow of tidal currents in the north~-south

163



. | © pasa sway from much of the socutharn shelf and to restrict higher
speeds to upper water levels. Tidal currents of high speed sweep
around the western end of Attu (Cape Wrangell), between the Semichi
Islands, and around Ingenstrum Rocks and to a lesser extent Agattu
as well. Exposed areas such as these are also loci of intensive
vave action, so that energy is greatly concentrated on the bottom.
During the summer of 1949 the EIDER was able to round Cape Wrangell
on only one occasslon because of high sees due to combined action of
vwind and tidal curxents. Similarly heavy wave action in the harbvor
on Shamya (eastern Semichi Is.) on several occasions during World
War II resulted in gsevere damege to moored vessela. The wide wave-
cut benches off many of the headlands also confiyrm this general
picture and bear testimony to the effectiveness of wave refraction.

. Shelf-basins are protected by the encircling sille from action of

R t1da)l currents; their depth slso tends to reduce wave action.

Comparison of the chart of bottom character (fig. 4) and figure
20 shows thet a general correlation exists between areas where sedi-
ment is present and vhere action of wave and tidal currents, deduced
from other considerations, is low. Becaugse energy distribution, to
a first approximation, is inversely related to depth, this correla-
tion between occurrence of sediment and a low level of kinetic energy
appears as a correlation with depth., Table XIII summarizes the data
using ares of the bottom within succeseive depth increments covered
by coarse and fine sediments end maximm horizontal current speed
assoclated vith large winter waves to indicate the relationship,

‘II. /’f?;e:./dﬁi/'-/‘;g;. 2o
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Table XTIT
Comparison of areas of rock bottom, sediment-covered bottom,
horizontal current velocities assoclated with wind waves, and diametars

of particles which wind wave currents are capable of moving.

1 Y 4 of area Y % of area 2/ Maximm 3/ Maximmn 3 Maximm
1/ % of area of depth of depth horizontal particle particle
Depth Median of depth increment inerement Orb. epeed slze eroded size trans-
Increment Depth increment sediment fine grained of Wave C at by wave ported by
(fathoms) (fathoms) rock (incl. cobbles) sediments median depth current wave current
0-25 12.5 72.7 21.3 18.0 277 mm./mc.*  cobbles cobbles
25-50 37.5 5.7 25.3 8.2 80 " 7 mm. 12 mm.
50-75 62.5 62.8 37.2 15.7 25 " 1.5 mm., "
75-100 87.5 . 36.9 . 63.1 60.4 T " none . 0.8"
below 100 15.7 84.3 82.9 -- n none none

Wave may break.
1/ From table I.

2/ From figure 19.

3/ From Njulstrom, 1939, fig. 1, p. 10 (data for steady current, used as illustration only).
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Ma#imuﬁ particle sizes which can be eroded and transported by the
wave-induced currents at various depths as indicated by Hjulatrom's
(1939) curves for steady currents are included fof comparison.

These relationships indicate nothing more than the trend because
HJjulstrom'e curvep are only approximate in nature, no conalderation
is given to tidal currents, and topography introduces variation of
conditions. Thege data suggest, in addition, the importance of topo-
graphy as & control on sediment distrivution in the Near Islands
under the existing regimen of waves snd tidal currents. The ares

of fine grained sedimente is high in the depth increment 0-25
fathoms, has a mininum between 25 and 50 fathoma, and increases with
greater depth. Much of the area between O and 25 fathoms, however,
lies within protected bays near sources of sediment, whereams the area
of minimim sediment cover occurs in the open shelf enviromment. The
increase in percentage of sediment cover in the interval from 50 to
100 fathoms partly reflects the effectiveness of the shelf-basing as
sediment traps.

Grain size compoéition of the sediment also is different within
different areas of energy distribution. Bay sediments in the most
protected bays are fine, poorly sorted, and positively skewed; thoge
of the open shelf frequently asre coarse, well sorted, and negatively
skeved; those of the shelf-basins are fine and tend to be positively
skewed. These differences are in addition to the differences 1n
composition in terms of terrigenocus and biological components which

have been discussed.
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Summary on Environmental Characteristlice and Effects on Sedimente

The climate of the Near Islands 1is cold but not arctic; summpers
are short and maximum reinfall occurs in the autumm although varia-
tion in precipitation is not great. Winds are likely to be very
strong between October and April or May. Thesa climatic conditions,
together with surface relief, produce g0ils consisting largely of
comminuted rock fragments which are the product of direct rock disin-
tegration. Streems are the main agent of erosion, and, sided by
solifluction and land slides, are chiefly responsible for sediment
transportation to the sea. Melting of the winter suow blanket causes
fluctuations in stream capaclity and competence which might not exist
otherwise. In the past glaciers have been of primary importance,
both in erosion and trensportation.

The water memes surrounding the Nesr Islands is one of subarctie
characteristics. Temperatures range from about 11°C (50°F) to 2°C
(36°F) vertically and annuvally within the depth range dtudied.
Salinities, less well kmown, probably range vertically and annually
from sbout 30 to 33°/oo. Minor chemical components, necesgary for
plant 1life, are similar in concentrations to thae found in the South
Atlantic and South Pacific oceans. Characteristics of the water mass
are those of Oymshic water and are developed in part while the water
moves westward from the Qulf of Aleska into the Bering See and then
gouthward past the Near Islmnds and in part by local climate. The
water mesp supports a benthonic foraminiferal fauna and a local
diatom flora whlich exhibit good ecological adjustment to 1its physical

characteristics. The planktonic foraminiferal fauna and distom flora
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are not néceesarily indigenous to the area, but are types which would
be expectad from the properties and history of the water mass.

Tidal currents mﬁy have high Bpeeds, particularly in the passes;
vaves developed in response to high winter winds frequently are very
large. These agents have produced clastic sediments by eroding the
shore lines, probably the bottom In shallow water, and by winnowing
submarine deposits of glacial drift. An analysis of the distribution
on the sea bottom of kinetle energy produced by horizontal curreuts
due to waves and tides as modified by local topography shows the
importance of these three factore in determining gross sediment dis-
tribution in the Near Islands. Grain gize dietribution of the sedi-
ment is also related to these three factors, veriation belng largely
a function of the relatlionship between intensity of current action
and the availability of sediment.

Information on smcarce rocks, the climate, soil producing pro-
cesses, and recent geological history of the Near Islands seems to
explain satisfectorily the nature of the terrigenous components of
marine sediments. Components of blological origim are accounted for
only in part through study of local conditlons because of the effect
of semi-permanent currents flowing from regions which may be of Aif-
ferent character. Distribution of these components on the shelf and
the size disgtribution characteristics of the sediment are the pro-
ducts of local conditions of wave and tidal eurrents, topography,

and relation to source of supply.
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DISCUSSION

General Statement

In the study of sedimentation nmuch has been Qritten about the
oomplex interrelstlionships between the numerous variables which act
in the production of a sedimentary rock. Perspective 18 necessary
in such work, however; early study of the data which have been dis-
cussed above puggested that such perspective might bde obtained on a
theoretical basis if we accepted the premlse that any sedimentary
deposit is the product of two opposing tendencies. One of these
tendencies 18 to deposit material et a polnt and the other is to
remove this material. The sum of the rates of supply and removal
determines the rate of sedimentation. This idea can be expressed

formally by writing:

The Rate The rate of Tha rate of
of - supply of - removal of
Deposition material materlal

This basic statement ignores many of the details which tend to com~
plicate the problem. Further application can be made of this state-
ment, however, Pettijohn (1949, pp. 436, 440), among others, has
pointed out that the physical character, or lithic aspect, of a
sediment in large measure 1s a function of the rate of deposition.
Therefore, not only the rate of sedimentation dbut the physical
character or lithic aspect of the sediment as well will be controlledl
by this relationship. The capacity to remove fine material may be
greater than the capacity to supply, in which case the rate of

removal will be greater than (with erosion) or equal to the rate of

supply, whereas the rate of removal of coarse material may be less
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then the raté of supply. On the other hand; the rate of supply of
all sizes of material may be greater than their rates of removal,

In the first of these hypothetical cases the sedimentary product
might be & coarse, well sorted sandstone or conglomerate, end in the
second case it might be a very poorly sorted sandstone or nmudstone.
S0 long as the particles are undefined, however, the statement holds
equally well for dust particles collecting on a table top.

This statement, as a firet approximation, is akin to the basic
concept which has been advanced by petrographers to ex?lain diffexr-
ences in sandstone types, and from which has grown a petrographic
claesification of sedimentary rocks based largely on degree of
sorting, either by grain size, mineral content, or both (see Petti-
John, 1949, pp. 435-62). The petrographic approach leeds them to
the conclusion that, in the finel analysis, sedimentary rocks are
the product of one major variable, tectonics. The correlation
between rock types and tectonics made by the petrographers regquires
in addition, however, oceanographic conditions or the factors which
principally determine them in order to be universally appliceble to
marine gediments.

The simple statement avove indicating the basic relatlonships
which must exist in the formation of a sedimentery deposit can be
expanded to indicate the complexity of the sedimentation system.,
Much of the complexity is introduced into marine sediments when
particular types of material are substituted for undefined particles
and after post-depositional changes have occurred. This expansion

may be written;
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: ‘ I II IIX
The total
amount of 71.The charac- The charac- The rate
sediment ter and rate ter and rate of
and the - of supply of + of supply of - removal +
lithic each terri- each marine of each
aspect at T, genous component component
a point { component

vbere T - time.

Eech of the terms I, II, and III in this statement is an exceed-
ingly complex variable. The term C is introduced to make the state-
ment general and applicable to lithified sediments. It includes
post~depositional changes due to organisms or physical or chemical

reactions which may occur, so that it also i1s a8 complex variable.

Application to Near Iaslands Shelf Sediments

An expangion from this theoretical statement hae served as the
basic framework for study of the sediments of the Near Islands shelf.
Part of term I involves conditione at inltiation of deposition
following the post-glaciel rise in sea level. Study of the subaerial
and merine environments furnishes date for further evaluation of term
1 and also terms II and III. These data generally are of a qualita-
tive nature aud show in & Qqualitative way the relationship between
environment and sediment.

Sediment which was sampled on the Near Islands shelf 1s of late
Glacial and Post-~-Glacial age, sand much of it was deposited on a
previously glaciated surface. Much of the bottom topography and
soma of the sediments are the results of such glacial action. The
prominent basine are principally in result of glacial erosion,

whereas the irregular ridges and coarse deposits are largely products
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of glacigl deposition. These coarse deposits have been subjected to
wave and current action following sea level rise and the surface
layers have been winnowed of the finer particles; some of which have
probably contributed to more recent deposits. A deposit of the
character of a basal conglomerate was formed by this process.
Toward the outer margin of the insular shelf and below the break in
slope fine grained, poorly sorted, marine deposlits were formed in
part from detritus freed directly by glacier wastage and in part
fron skeletons of marine orgeanisms. Overlying these deposits are
other glacial marine sediments which are coarser, poorly sorted, and
contain a higher proportion of the skeletons of marine organismg.

All of these deposits were laid down under conditions differing
from those obtaining at-the present primarily because of the presence
of quantities of lce. Ice also seems to have protected the shelf
from surf action during the post-glacial rise in sea level, so that
modern sedimentation was initimted on a relatively unmodified glacisel
surface.

Deposits which formed after melting of shelf and insular ice
consiet almost entirely of chemically unweathered rock fragmants and
skeletons of marine organisms in a more or less fragmental condition.
Unweathered monomineralic grelrs constitute a small proportlion of the
sediments and occur only in the finer size grades.

The character of terrigenous detritus ig determined by the
nature of both the source materia)l and the weathering processes

which take place. Fine grained, slightly metamorphosed rocks are
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broken down principally through the action of physical processes.
These processes are dominant because of the insular topography and
the climate, both of which contribute to promote mechanical rock
destruction. These game factors produced similar sediment during
the period of insular ice, so that differences cannot be detected.
In addition rounding of small particles is not common. This is due
in part to the limited size of the source area making long unidirec-
tional transportation impossible, and in part to lack of extensive
areas vhere short malti-directional transportation can take place.
The rate of supply of terrigenocus materfal to the sea is deter-
mined by the rate at which rock destruction takes place and the size

of the gource ereas. Post-glacial erosion seems to have progressed

. in places at a relatively rapid rate, but hecause the gource areas

are small, the total rate of supply of terrigenous material is not

s - ' great when compared to other areas such as near the mouths of large
rivers.

Characteristics of the marine organisms which contribute.to the
deposité are determined by the nature of the sea in which they live.
Of the marine properties, thelow temperatures seem to be of greatest
importance in exerting broad selection for the environment. The
organisms which are found are capable of thriving in or withstanding
low temperatures. Temperature characteristics of the water around
the Near Islands are developed in part during long transit through
boreal regions and in part by local effects. Insofar as these local
effects are responsible for eelection, the marine organisms are repre-

. ' sentative of the particular environment of the Near Islands. Salinity
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geems to have exerted little selection on these organisms. This aleo
may be attributed to the small size of the source areas, since they
furnish small catchment basins for precipitation and therefore
probably produce insignificant salinity gradients.

Rate of supply of skeletons of marine organisms aleoc is related
to the character of the sea. Little 1s known of controls on rate of
production; however, mineral nutrients compare in concentration with
other highly productive areas such &8 the South Atlantic and South
Pacific oceana. To the extent that abundant nutrilente are bvasie to
high production, the Bering Sea and North Pacific Ocean around the
Aleutisn Islends are favorable. Abundant sea- bird and mamma) faunas
existing on locel marine life elso suggest high production.

The relationship between rates of supply of terrigenous and
marine components differs over the shelf. In the deep bays terri-
genous material is supplied rapidly relative to the marine components,
80 that the deposite are largely rock fragment sands. -‘In the shelf-
basins marine components are supplied more rapidly and make up a
larger percentage of the deposits. Open shelf deposits, to some de-
gree, are Ilntermediate between thege two types, although marine com-
ponents are mogt important in areas of high production of megascopic
organisms where the supply of terrigenous debris is smsll.

Rate of removal of sediment ie determined by the intensity of
wave and current action as modified by local topography. The high
level of wave and current action on the shelf suggests that rate of
removal generally is grest., Over most of the exposed open shelf

rate of supply and rate of removal are umbalanced in favor of removal
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and bere ;ock is found. As equilibrium may exist between the rate
of supply of sediment and the rate of removal where sediment occurs,
in which case no additionsl sediment will be depoesited ae long as
conditions are unchanged. This condition seems to exist on the
outer shelf and upper slope and probably in many places on the open
shelf where sediment s found. In other areas such as the shelf-
besins and the most protected bays, with sediments readily aveilable,
equilibrium exists between kinds of material (i.e., terrigenous and
marine components) but probably does mot exist between total rates
of supply and removal. This 1ls suggested by the skewness toward
smaller diameters exhibited by most of the size-frequancy curves of
samples from these aress. Weve end current action incapable of
removing all of the fine particlee which are being supplied is
incapable of establishing an egquilibrium between rates of supply and
removal, and sediment must collect. It is probable that inner parts
of protected bays (such as Maspacre Bay, southeastern Attu, see fig.

21) end the shelf-basins will gradually shoal.

General Conclusions.

The sedimente being deposited on the Near Islands shelf are the
products of envirommental sorting which determines the distribvution
of the pediments and in part the type of material present. The
organisms which occur are those tolerant to the existing temperature
conditions. Chemical destruction of mineral grains does not take
place to a large extent, so that such mineralogic sorting is not

rigorous. Sorting on the basis of specific gravity cannot he
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demonatrated because of the polymineralic composition of most of the
sand but may be indicated in the shelf-basins deposits where laterally
transported terrigenous sand graine occur mixed with many somevhat
larger but less dense frustules and tests. Sorting by perticle shape
appears to bDe responsible for the shape characterilstlce of the cosrse
beach deposits and perhaps also for the shelf cobble and gravel
deposits to a leseer extent. Size-gorting takes place on the open
shelf and in the bays and to some degree in the shelf-basins and

seems to control the areal and depth distribution of these sediments
to a large extent.

Sorting of all types is accomplised largely by the physical
processes of the Near Islands environments. Physical characteristics
of the subserie] environment vhich seem to be of greatest importance
in sorting are temperature, surface relief, and rainfall, Nature of
source material, recent geologic bistory, and size of the source area
are of great importance in determining the extent and nature of the
sorting. Physical characteristics of the marine enviromment which
seem to be of greatest importance in thie area are temperature,
waves, and tidal currents. Modifying effects on the maripe environ-
ment are large scale semi-permanent currents which reflect the his-

tory of the water masa and the bottom topography which i1g in part the

- product of recent geologlc events,

Qualitative and quantitative data of the Neaxr Islends environ-
ments show that locael and regional climate if the chief factor res-
ponsible for the physical characteriptics, both subaerial and marine,

vhich actively sort the sediments. The sediments which are produced,
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however, also represent the original terrigenous source material,

size of the source area, recent geologic history, and the history of
the water mass. These considerations indicate that sediments of the
area are not, in the finel enalysis, & function of one msjor variable.
They must be considered to be functions of two major variables of
similar rank, tectonics and climate, which are somewhat interdecen-

dent and are modified significently by others.

Relative Magnitude of Local Climatic Influences

Jt ia of interest to consider briefly the relative magnitude of
local climatic effects on sediments in areas of different degrees of
physical isolation in the 1light of conclusions based on Near Islands
study. The enviromment of the Near JIslands cen be congidered to be
a deep sea environment on one hand and on the other & near shore
environment, The island mess extends up through geveral thousands
of fathoms of water far from the borders of typical continental
areas, end many of the characteristics of the region are due to this
relationship between land and sea. In this isolation in the midst
of a large ocean the environment 1s that of the deep sea. The fact
that the ingular base is large, however, introduces certain aspects
which are typically continental such as the wide shelf, the source
of coarse terrigenous detritus, and eome restriction of free cir-
culation with adjoining areas. In these respects the environment
can be considered continental. Because of the igolated source of
clastic material the effecte of relatively homogeneous climatic

conditions in the production of this material can be appreciated.
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Hariﬁe conditions in the Near Islands, however, are the product of
videspread as well as local climatic variations. Water mass charac-
teristics and semi-permanent currents are the products of more
general counditions and waves may be generated over a considerable
aresa .

These observations suggest that the relationship between climate
and sediments is different for different types of marine bodies. In
the open ocean the chief iwportance of climate seems to be in the
variation which occurs with changing latitude and relations to large
land masses. The lateral variation of climate is responsible for
the large scale oceanic circulation which in turn seems to be res-
ponsible for many of the variations of the bottom deposits. At any
given point in the open sea the local effect of climate is probably
difficult if not lmpossible to detect in the bottom deposits. In
smaller bodies of water which are more or less restricted from the
oren sea and are 1solated by land barriers from distant sources of
terrigenous detritus the local climate may become perhaps the most
dmportant single factor in determining the type of deposit which
wvill be formed. In this case the elimate will be significant in
determining the character of the terrigenous material supplied to
the basin of deposition and the rate at which it 4is supplied. Fur-
ther, the pature of weter circulation and the seasonal wave pattern
in euch & restricted area, of great importance in determining
salinity, biological productivity, and the rate of sediment removal,
would be the products of local climate. The smaller the degree of

isolation the less will be the importance of local climatic factors
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in determining sediment characteristics.

Quantitative Aspects

A quantitative solution of the sediment budget is suggested by
the theoreticsl statement but is not possible with the available data
or the present state of knowledge. Such a solution must be made on
the basis of either measurements of amount and kind of materiel
supplied and deposited or the relationship between environmental
factors end the amount and kind of terrigenous and marine components
produced and deposited. It is poesible, however, 1o examine some
considerations bearing on quantitative aspects of the sediment budget
of the area in the light of this statement. Two of these considera-
tions of interest to geologists are the concepts of wave-base and
base level of deposition (Barrell, 1917; Eaton, 1929). These con-
cepts can be summed up &s follows. Assume the bottom undergoing
sedimentation slopes smoothly seaward from shoel to greatexr depths
within an aree where current conditions are uniform horizontally.-
If sedimentary materislsg of different transport susceptibility ere
supplied from land at a uniform rate, and i1f this rate of supply
permits the currents at all levels traversed by the materials to
sort completely the material, a depoeit will be formed which por-~
trays these conditions. This deposit will have that material which
is most difficult to transport in the shoalest portions of the ares,
and will change progressively in character as the depth is increased
until finally in the deepest water the materisl which is most succep~

tible to tranaport will be found. As the level of the surface of
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the deposit changes with respect to the verticel current velocity
profile, the cheracter of the material which ie being deposited will
chenge in grain size, shape, or specific gravity.

The basic concepts of wave-base and baselevel of deposition,
Adevelaped largely from theoretical considerations, are too simpls to
meet the test of modern ocesnographic investigations. Departures
from the expected product of sedimentation according to this theory
are due to variation in rate of supply and sorting ability (rate of
removal) pertly because of bottom irregularity. Other departures
are found becausge sufficient time has not elapsed since the glacial-
induced lowering of sea level to permit sn equilibrium to be estab-
1lished (Shepard and Cohee, 1936; Revelle and Shepard, 1939; Stetson,
1938, 1939; Emery, 1952).

The relationship between rate of auppl& and rate of removal,
vhich mwust be taken into account when dealing with wave-base and
baselevel of deposition, 1s indicated by the Near Islends data.
These concepts can imply no fixed surface, but one which is undula-
tory and variable in vertical position within a locel region. Figure
20 shows the irregular configuration of the baselevel of deposition
on the Near Islands shelf and departures from the theoretical condi-
tions outlined above. Heavily stippled areas are those where this
level tends to be depressed due to high wave and current action, and
lightly stippled areas sre those where the baselevel of deposition
tends to be elevated. Thege departures are due in part to antecedent
topography and are reflected in the distribution of the sediments.

In visualizing the position of baselevel, however, the availabllity
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of sediment aleo muat be conaidered. Thus, for a glven energy level
the baselevel of deposition is higher in the bayes and in the shelf-
basins than on the exposed level open shelf because the rate of
supply of sediments is greater to these two types of areas. On the
outer shelf and upper slope character of the sediments changed from
e sandy mud to sand and gravel and finally beceme a nondepositional
area with decrease in rate of s:pply relative to rate of removal.
These changes of sediment character probably are due only to a de-
crease in absolute rate of eupply. The positions of topographic
features affect the equilibrium between these rates by increasing or
decreasing one relative to the other partly through an increase or
decrease in current or wvave action. However, slteration of the
equilibrium in one area alters it in mdjacent areas becsuse of
changed rate of supply. Lateral tramnsport of sediments from the
exposed phelf into the shelf-basins is an example of the effect of
edjacent environments. Finally, the concepts of wave-base and narine
baselevel of deposition may not be applicable where sediment is
supplied very rapidly and/or there is little wave and current action.
Under these conditions surfaces determined by these concepts could
be above gea level and land would form with the upper limit of depo-

gition then controlled by a subaerial baselevel of deposition.
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SUMMARY OF CONCLUSIONS

1. Marine sedimentetion in the Near Islands was initiated prior to
complete glacier wastage on a shelf which was buried beneath a
Pleistocene ice cap. Deposits of glaclal drift generally are
thin, although & large moraine existe southeast of Attu. The
purface layers of all shelf glacial deposits have been winnowed
of fine material by wave and current action, but, as shown by
roundness and sphericity relationships of pebbles, do not seem
to have been pubjected to prolonged gurf action in the beach
zone. Shelf topography 1s largely the result of glacial erosion
or depoeition, but has been modified by deposition in the shelf-
basins and by wave action in near shore gones. Faulting probab-
ly has aided glacial scour and plucking in forming the shelf-
basins and may be regponsidle for & long narrow basin north of
Attu, The extent of ice in the Néar Islands during the Plelsto-
cene and the simllarity of topographic and geographic features
to adjecent island groups suggests the entire Aleutlan Chain was
buried beneath an ice cap during this time which was broken only
at the deepest and widest passes.

2. Terrigenous detritus, consisting largely of angular to sub-angular,
little altered, sand-gize fragments of the fine grained rocks of
the islands, has been supplied in pert from soil formed by disin-
tegration of the parent material through action of e cool wet
climate on steep upland slopes poorly stabilized by vegetation.

Streams, alded by solifluction and large scele land slides, are

the most important transporting agents at present, although
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glaclers have been in the past. Reuorking by streams of alluvial
or glacial deposits and by waves and currents of submarine glacial
drift together with mechanical erosion by waves and currents of
the shore line end shallow sea floor have supplied the remainder
of the clastic sediments. Detrlitus from submarine glacial drift
probvably is of little quantitative signiflcance in the youngest
surface deposits. Terrigenoug detritus is relatively most abun-
dant in the sediments near mouths of large streams and at points
where wave-generated longshore currents tend to converge. 1In
general the rate of supply of terrigenous elements is not great
becauvse of the small source aresas.,

Biological detritus of marine origin consists primarily of the
skeletons of Foraminifera, diatoms, sand sponges seaward from the
iglands and the broken shells of a few species of mollusks and
of one echinold species near shore. The Foraminjfera, diatoms,
and macro-organisms are generally either cold water, deep water,
or wide-ranging forms tolerant to low temperatures. Salinity
does not seem to be Bignificent in determining their distribution.
These orgenismg grow in a subarctic water mags with temperatures
between 2° and 11°C, salinities between 30 and 33°/0o0, and abun-
dant nutrients. The comservative properties of thls water mass
are produced by the effects of regional climate while it moves

in the North Pacific Ocean and the Bering Sea. Biological con-
stituents are relatively most abundant offshore and in nearshore
sreas which are removed from large sources of terrigenous clas-

tics, and probably have been supplied rapidly because of high
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organic production.

Bed rock is exposed over moet of the shelf because of high rate
of removal of sediments due to large waves and etrong tidal
currents. Fine grained marine sediments occur only vwhere a
ready source 1s avallable and where the bvottom is protected by
local topography from the action of the large winter waves and
heavy tidal currents. Finest surface deposits are found in the
protected bays and the deep shelf-basins; well sorted coerser
paterial in general occurs on the open shelf. Sediment of the
upper slope and outer shelf was deposited bvefore the ice melted
completely but after sea level reached approximately its present
level. This sediment changed character from sandy mmd to
typical glacisl-marine diatomaceous sand with pebbles and gra-
nules when ap abundant gource of fine materlsl ceased to exist.
Deposition virtumlly atopped in this aree when the supply of
ice-rafted pebbles failed, due probably to bypessing.
Theoretical expansion of a statement relating the total amount
of sediment deposited within a given period of time and the
lithlc aspect of this sediment to the rates of supply and
removal of meterial is suggested as & basic qualitative frame-~
work for interpretation ¢f the sediments of the Near Islands.
Both the theoretical statement and dsta from the Near Islands
suggest the importance of climate, together with tectonics, in
determining sediment characteristics and distribution. The
magnitude of local climatic effects on marine sediments ia

inferred to be greatest in areas of restricted contact with

-

185



adjacent regions and least in the open sea where large scale
climatic variations largely seem to control sedimentation.
Quantitative solution of the Near Islands sediment budget is
pot possible with the data avalleble or with the present state
of knpwledge concerning relationships between production of
various types of sediments and environmental characteristics.
However, the concepts of weve-bage and baselevel of deposition
can be modified in the light of relationships between rates of

supply and removal as influenced by local topography.
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