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TEE USE OF RADIOLARIA IX THE STRATIGRAPEY OF DEEP-SEA

SEDIMENTS .
W. BE. Riedel.

The sediment cores collected by the Swedish Deep-See
Expedition in ISL7-L8 offer a unique opportunity for the study of
the distribution of the Radlolarils, during the present and
geologically recent past, in the tropical parts of all the oceans.
With the object of determining to what extent the Radlolaris can
be used in desep-sea stratigraphy, the author has undertaken &
study of the remains of these animals in the cores collected by
the "Albatross" in the Western Pacific Ocesan. The present paper,
which contalns some of the more important results so far obtained
from these investigetions, indicates the type of problems which
can be studied through these microfossils, end the limitations of
their stratigraphical use.

From an ecological point of view, the Radioclarie are
an imperfectly known group. Their distribution in restrictsed |
parts of the oceans 1is falrly well known from the results of such
expeditdons as the "Challenger' (Haeckel, IS887), the Deutsche
Slidpolar-Expedition, the Plankton-Expedition der Humboldt-Stiftung,
and others. The Radlolarian records from some of these expeditdons
are of great velue and reliabllity ~ this is the case when the
living anirals are described, and exact data regarding their
occurrence are given.

Unfortunately, Haeckel’s report of the Radiolaria from
the "Challenger", although it remeins en extremely important
systematic work, is inedequate in this respect. Ie stetes
(General Introduction, p. cxlvii) :

"The stetements made in the
systematic portion of this Report regarding the distribution of
the Challenger Radlolaria are very incomplete. In most cases
only one locality is mentiloned, and that is the station in the
preparations or boettom deposit from which I first found the specles
in guestion. Afterwards I often found the same species again in
one or more additional stations (not seldom in numerous preparations
both from the Pacific and Atlantic), without the possibility of

For valuable suggestions regarding the presentation of
the systematic section of this paper, the author is indebted %o
Dr. C.D. Ovey, of the British MNuseum (Natural History).
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adding them to the habifat recordsd under the descripbion.”

Moreover, there is frequently no indicatlon whether he hss found

the organisms living, or only as skeletons in the sediment. The

Report of the "Challenger™ is virtually the only work descriding
the Radiclaria from the tropical parts of the Indian and Pacifie
Oceans .

The state of our knowledge of the palseontology of the
Radlolarie is similarly unsatisfactory. Assemblages of their
skeletal remeins have been described from a number of localitiss
of diverse ages, from the Algonkisn to the late Tertiary, in
Burcpe, Horth America, the Eest and West Indies, Austrelis and
Asis. Even so, Tan 5in Hok (I932), in a review of the abttempis of
garlier authors to establish stratigrasphical correlations on the
basis of Redioclarian faunss, pointed out that these fossils hsed
hitherto proved to be of very .little uss in this respect. The.
only fauns which has been shown to be cherecteristic of = certain
period is the Seturnalis-faunz of the Mesozoiec: this specialized
fauna has been recorded from several localities of the Ibalian
Jursssic and Cretaceous by Squinabol (I9IL) and from the Cretaceous
of California by Campbell and Clark (I9Lkb).

tEven the Readioleris of the Tertisry are poorly known.
This is‘wsll 11lustratsd by the recent work of Campbell and Clark
{IShL2, I9&ha, I945) on matsrisl from the Tertisry of Californisa.
From rocks of Bocene and Klocene age, these authors describe some
300 species, subspecies and verieties, all of which sre npew: and
this in spite of the fact thet a pumber of Tertiary Radiolarian
faunss have been described from Eurcpe, and the West and Bast Indies.
There are three possible ressons for such a state of affairs.
FPirstly, the systematic classification of the group may be based
on fundamentally false principles.  Secondly, the Radiolarian
species mey heve regstricted sress of gebgraphical distribution,
end/or, thirdly, the specles may in general have very short time-
ranges. Ib is hoped that the pressent paper may go & short way
towards deciding which of these is the case.

Materials end Methods.

The object of this paper is not to give a complete
pleture of the Tertiary Radloleria encountered in the sedimsnt
cores from the Western Pacific. This would involve the deseription
of & largs number of new forms, and the ldentification of hundreds

of others. Only one assemblage is discussed at any length, since
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it shows striking siwilarities to & fauns described from the
¥iocens of Southern Californis by Campbell end Clark {(IGlLe)}.
Llso, evidence iz brought forward supporting the theory that
Tertlary deep-sea deposlits ars at the pressnt time being eroded
by currents and re-denosited simulteapsously wlth meterisl from
surface wabers. Plpally, & second Hsdiolsrisn fauns, probably
glso of Tertiary ags, is cursorlly deseribed.

The faune with elemenis in cormon wlth thet of the
Californien Mlocens 1s Dest developed in the lower parta of the
sediment core No. 87 (Lat. 2 23°N, Long. I73 50°W, depth below
ssa surfece 5560 m.): ths materizl described is f{rom a denth of
999-I000 cms. velow the surfece of this sediment. Secondly, ths
maberial most recently deposited In this rezion is exsnined ~
ramely, thet from the uppermost centimetre of core Ho. S7RT,
Thirdly, with the object of compering the Redlioleris in the two
semples mentloned with those from the surflsce of the sedimenits in
other perts of the Paclific and Indisn Ovesus, & table iz ziven
showing the prominent Asdioleria in the uppermost parts of the
following cores :

Core Ko. Latltude. Longltude. Depth below sea surface (m.)
7h 5029’ W I51 337 525
&8 u 223 ® I7% 50° 5560
89 8 2 L8’ W I78 57° 51,80
918 3250 5 171 187 Lrao
95 ¥ 0 347 E 159 597 2880
I3I g 11 10”7 E 96 L2° L3530
137 ¥ I5s’ E 88 12”7 1,300
5l s 023 E Si 307 LBso

Fourthly, the second {probvably Tertiery) faune is described from &
sample from a depth of Il metres below the sediment surface of
core No. I {(Lat. 8 2 507, Loag. & I7I I8’, despth below ssea
surfece 4120 m.). The species lists from each of these sawmples
ere in no wey exhaustive - only those Torms which are most
abhundant or peritinment to the present problenrs ere included.

* Core No. 87B, teksn from the same posltion ss core Fo. 87, ism
mueh shorter then the latter, since ii wes teken with & core-
gampler of a type which ensures that the topmost part of ths
sediment remsing intset. With the lopger Fullenberg core-semxpler,
it is likely that several centimebtres of the sediment coluwmn are
lost through the top of the apparatus. Throughout this paper,

the letter "BY after the muwber of s core indlcstes thet the core

e Ao lrsuem eord ele delam slomentnooan oo oo
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In order to free the Radiolarian skeletons from the
sediment, the samples were first treated with cold dilube
‘hydrochloric acid %o remove the calcium carbonate, and then
boiled with hydrogen peroxide %o further the disintegration of
the clay aggregates. No ettempt wes made to separste the organic
remains from the finer inorgahic debris by sieving or dacantation,
due to the risk of losing the smallsr and more delicate skeletons
(Riedel, I35I). The skeletons, together with the remaining non-
calcareous ssdiment, were stirewn on slides, drisd, snd mounted
in hyrax. Types and figured specimens are preserved in the
Naturel History Museum of Giteborg.

A Late Tertiery Radiolsrisn Faunsa.

A Rediolarian fauna confaining speciss in common with the
Californian Miocene was met with in a number of cores, including
core Ko. 73 (Lat. L OL.’S, Long. I52 53%3°'W, depth below sea surface
5200 m,}, core Ko. 85 (Lat. 5 34.°N, Long. I72 I2°W, depth below
sea surface 5590 % 50 m.) and core No. 87 (position given above).
It is best developed in the lower perts of core No. 87, where,
among Ofhers, the following forms sre preaent : '

Rhopalodictyum malagsense Cempbell and Clark.

Rhopalodictyvum (Rhopalodictya) malagssenss Campbéll asnd Clark,
194k, p.29, pl., figs. L and 5. 7
This species, which Campbell and Clark describe from. the

Miocens Malaga mudstone of Southern Celifornia, is rather common
in the lower parts of our core No. 87 from the Westsern Pacific.

£§Eﬁnacanium granda Campbell and Clark rugosum n. subsp.

\\\\\\\\\i;iz%e I, figure I} o
Lychnocanium (Lye canslla) zrande Campbell and Clark, ISlilha,
5.4z, p1.6, figs. 3, zfi}ﬁ&é&\\?ib |
This species was desc &d by Campbell and Clerk from
near the top of the Valmonbe diatomite-wf Southern California. :
Specimens from the Western Pacif edimsnt correspond %o
the original descripticn in a2ll respects, except that the surface

of the thorax is constantly rough - for this reason, th
subspacies is srected. '
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Lychnocanium grande Campbell and Clark rugosum n. subsp.
(Plate I, figure I)

Shell campanulate, rough, with pronounced cervical
stricture. Cephalis subglobular, its length 0.3 that of ths
thorax, with rough surface and shallow, subclrcular pores of
moderate size. Aplcal horn subvertical, dbroadly conical, its
length 0.3 that of the cephalis. Thorax subconical, 1ts meximum
breadth 3 times that of the cephalls, its length half that of &
foot, with constricted aperture 0.6 ag wids zs the maximum breadth.
Walls of the thorax thick, with rough surfece: 1tz pores
subelircular, 9-10 in a vertical ftier, aboub hO around the
broadest circumference, decreasing in size from the aperture
towards the cervical stricture. Aperbural rim bears slender,
short, often oblique spines. Three feet divergent, slightly
reflexed or almost straight, three-bladed, distally sharp,
proximelly thieck, arising just above the apertural marzin.
Cephalis 26 u long, 35 u bfoad. Thorax 92 u long, II0 u broad.
Length of feet I75 u. Dia@eter of largest thoracic pores 8.4 wu.

The species Wasﬁdescribed by Campbell and Clark
(194lia, p.}j2) from near the top of the Velmonte diatomite of
Southern Celifornia.

Specimens from the Western Pacific sediment correspond
to the Californian form in most respeets, but the surface of the
thoraex of the new subspecies is constantly rough, and the thoracic
pores are smaller. '

Pterocorys splendens Campbell and Clark albatrossensis n. subsp.

(Plate I, figure 2)

Shell subéonical, with carvical stricture less
pronounced than that at base of thorax. Cephalis campesnulate,
hyaline, 0.25 &s long and 0.% as broad as the thorax, bearing
I5~20 minute pores. From the apex of the cephalis arises a
slightly sinuous, subvertical, rodlike apical horn three fimes as
long as a radlal spophysis. Thorex subconicel, of the same length
ag a radial apophysis, latersally bulged especially in the lower
half, besring some 50 unequel, irregulerly rounded pores which are
I-h times &3 brosed 58 the bars: its surface hesrs scatitered, shork,
slender, obligue spines. Abdomen (missing from figured specimen)
subeylindricsl, extremely delicate, about haelf zs long ag the
thorax and almost zs broed, with relatively large subecircular pores.



The three radial apophyses, srising nesr the base 6f the thorax,
ére gtralzht, divergsnt, triangulerly bladed, with the dorsal
blsde contimmed 2 short dkst&nce along the surface of the thorax.
Gephislis I7 u long, 25 u.broaﬁ. ‘Thorax 70 u long, 78 w brosd.
Teng zth of ap?eal horn 210 u, Diameter of largest thoracic pores

15 5 ta : :

ﬂamphall and Clark ;I?&ha p‘héﬁ describe the spscies
Irom sav@ral docalities of the Kiocens of Southern Californis.

Specimens froy the Western Pacific sediment aar“aSﬁand
Lo the Celifornian spscies in Zeneral form, &nd the nature of the
thorex and ebdomen snd ﬁﬁeir pores - they 4iffer from.tﬁs lmtter
Cinthet the cephalis Years ‘Winote pores, the radisl apﬁghy&@s
are Jesa curved inwardly, snd the dimensions are g@n@raliy amallsr.

Galocyecles merpetensis Csampbell and Clark,

(Plate I, figures 3 and I}

Calocyelag (Cslocyeletts) meargabensls Campbell and Clérk, ISkia,
pol7, 1.6, figs. IT sand I8,

The specimens Irom the Western Paclfic sediment ars
qults typicsl., The originel description wes from the Valmonte
distomite and the Mioceme of the Fewport ares, 3outhern Californis.

Eucyrtlidium delmontense Cempbell and Clerk.

(Plate I, figure 5)

Zucyrtidium (Bueyrtis) dslmontepnse Cawpbell and Clark, I9iha,
p.56, p1.7, figs. 19 and 20.

specimens assigrned £0 this specles show some effinities
with Zueyrtidiws slongebum 3¢8hr 1880, from the Sripoli of Grobtte,
Sicily: for szample, the number of sbdominel joints fregquently
excesds thres. It is placed in Campbell and Clark’s species since
bthe test is apparently thinvey then thet of 5tdhr’s spscies, the
pores of the flirst abdominal sspment ere larper, end the
constrictions bestween the segments are more proncuncsd.

ihis apeclies presents difficulty in classificstion,
becauss 1t has some of the chearacbters of the genus Stichocorys,
ant some of Bucyrbtidium. The cephalis, thorex, and first
ebdomingl segment together form & come, and the subsequent segments
arg together subeylindrical: in this Testure, the ﬂg@&?gs epproaches




-6 -

the several species of Stilchocorys which Haeckel (IS37) described
from the Pecific Ocean (Stichocorys wolfii, S. panderi, S. baeri,
S. okenii, S. huschkei, S. rathkel and $. miilleri). Occasionally,
in the specimens from core No. 87, the second abdominal segment can
becoms rather long, or merged with the third: it then shows some
gimilarity to Stichocorys saccol Vinsssa 1900, originmally described
from %the Miocens of ¥ontegivio, and recorded by Luchesse (I933)
from the Miocens of Ca’ Lambssini s Bargone. On the other hand,
the slight constriction of the mouth, and the fact that there is

no especially pronounced constriction between the conical and
subeylindrical parts of the shell, support its being placed In

the genus Buecyrtidium.
Bucevrtidium delmontense Campbell and Clark mey prove to be
jdentical with E. elongatum StShr. This question can be settled

only by comparison of material from the type localities of the two
species, since StShr’s descripblon and figure are somewhatl
insdequate. 1If these two specles are jdentical or closely related,
it will constitute 2 link between the HRadlolaria of the tripoli

of Grotte and of the Pacific sediment, =g Stdhr describes thils
species as %aﬁher,abunﬁ&nt“,_and_g. delmontense Campbell and Clark
is one of the dominant spscies in the lower parts of ocur core Lo,
87 {See P1. II, fig. I).

¥hen it is considered that there are here only
five species in common with the fauna described from the
Californian Niocens, and that several &zbre of species are present
in one or other buft not common to the two localitblies, it may
appser that there is little reason for assigning an almost similar
aze to the two fsunas. This would be the case when dealing with
most other fossil groups, but the Radlolaria have in general such
very short time-ranges that such 2 degree of similarity may well
be significant.

The results of Campbell end Clerk (I942, ISk, I945).
in the lste Mesozolc and Tertisry of Celifornia may be taken as an
exemple illustrating the short time of persistence of Radiolarian
spacies. From the Upper Cretazceous they described some 20 forms,
211 of which except two were new. From several Eocene localitles,
21T species were described, all of which wers new, & considershle
number occurring in mors than one locality. FKinety-one species,
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all new, were found in the Mlocene. Considering this absence of
forms common to the different perlods, and the fact that these
feaunas were deposited within such e limit@dkgeographical area,

and not in isoleted basins but in former extensions of the Pacific
Ocean, and that all the Tertisry forms apparently lived in warm
water, the only possible conclusion is that Tertizry species of
Hadiolarls have generally short time-ranges.

A largs number of species previously described from the
Wiocene zre szbsent from the faunz of the lower parts of core Ho.
87. On the other hand, a considerable number of present-day and
undescribed forms ars present. In view of these, and the previous
congiderations, & Pliocene age is tentatively assigned to i%.

The Radlolsrig of Rotti.

The wide distribution of many present-day Radiolsria
(see below), and the fact that at least a few gpecies are common
to both the Miocene of California and the late Tertlary deposits
of the Wesbtern Pacific, indicabe that it is probable fthat any
late Tertiary Radiolaria found in rocks of the East Indles would
show close relationships fto the feuna at the bottom of our cors
To. 87. Assuming, of c¢ourse, that ths East Indles fauvnae lived in
a sea in open conbtact with the Paclfic Ocean, and not in ean isolated
basin,

Tan Sin Hok {I927) described fossil Eadiolaria from the
island Rotti, Ifrom rocks to which he tentatively assigned a
‘Pliocene &ge. In all, he described ILI species, three of which
were identicsl with previously-known forms (two Recent and one _
Trisssic). All of the others were new species, though he (1527,
.79} was able %o compare Swenty of them with species previously
desceribed - one was compareble with a Palseogzoic form, I56 with
Mesozolc forms, and 3 with forms of unknown age. Nevertheless,
he did not regard such s congruence of forms as having any
stratigraphicel significance.

During the guarter of & century which has elapsed since
thls work was published, there have been several descriptions of
Radiolerian faunas which indicate that the Radiolaris may be more
useful for purposes of stratigraphical correlstion than Tan Sin
fHok Dbelieved. The Ssburnslis-feuns described from California by
Campbell ernd Clark (I94lib) appears to confirm the opinion of
Squinabol (I$IL) that such an assemblage is characteristic of
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certain lesogolic depositas. Descriptions of other lMesozolic faunas
by Heitzer (1930;, Thudysev (I%3I} end Chevbskov (IS37) have
increasaed our kuowledge of the Jurassle and Creftececus forms of
these snimals. Also, more is known of Tsriiary Hadiclarisz as a
result oFf the work of Campbell and Clark mentioned above,

In the lizht of the work done subsequent to IJZ7, the
aimilerities {(which Tan 2in Hok himself poinks oub) hetween the
faune from Robtitl and other lesozoic foumas, end its differences
from other Tertisry fesunas, it appears probable that this fauns
which he doubtfully places in the Pliocene ls Hesozole 1n sge.

Ons striking feature is the great propertion of Uyrtoldes sredista
in the fauna from Hottl, & cherecheristic which finds its parallsl
50 & certain extent in the Californisn Cretacsous {Campbell and '
Clark, I9Lhn) and the upper Kesoszoic of Russla (YKhudysev, I93I),
and more pronouncedly in the Jurassic of the Sonnwendgeblrze
(Heitzer, I%30) in the Jurassic and Crstaceocus in the region of the
Ural Mountsins (Chabakov, I937).

Thus, the only Hediolerien Teuna from the Zast Indles
which could have besn expected to show relafionships to the late
Tertisry Tauna of the Weslbern Pmclific, appears 5o be considsrably
sléer than was previously supposed.

Radicleris at the Top of Lerse Ho. GTEB.

The following i3 a 1list of some of Lthe Redlolaris found
in the uppermost centimetre of core Ho. O7B.

Cyphoniurm memmarlium Hasckel

Fenertus guadrijucus Fasckel

dellodiscus ssberiscus Heeckel

Zuchitonie slezans (Bhrerberg) .
Ehopalodictyum melageense Cempbell and Claerk

spongaster tebras Ehrenberg.

Tetrapyle guadrilobs (Ehrenberg)

Lychnocanium srande Campbell and Clerk rugosum n. subsp.
Anthoeyrtidium cipsraris Haeckel

Cerpocanium peristomium Heeckel

. petelospyris Hassckel
Pterogorys splendens Campbell and Clark albsbrosssnsis

n. suBsp.
fhtercocenium tricoloum EHeeckel
Calogyelas smicas Hasckel

Calocyelas mergatensis Cempbell and Clark
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Tricclocsmpe polyzone Hesclsl

Lithomltre linsetba Hseckel

Bucyrtidium delwontense Csmpbell and Clerk {(in
considerabls rumbers)

Widely Distribubted Fresent-Day Speciles.

In his monograph on the Radislerie from the "Challenger™
expadition, Heeckel (1287} deseribes many species as “coswopolitan®,
Iindicating that'thay ers widely distributed in the ocesns of the
rresent time. With the object of determining which spscies ere
distributed throughout the tropicsl perts of the Western Pecific
and Indien Oceans, the upy@rmbat parts of & numbsr of cores
from these reglons wers sxamined, end thelir common [orms
determined. The resulbts are given in Table I : the positions
frowm whichh the cores were taken are given in the section
"Weteriels and Hethods®™, abovs.

A (1) Tertiery Fsuna Trom Core Mo. 3I.

The lower pert of this core conbelins & Redioclarisn
feune whiech appesrs very differesnt from the present-day fsuna of
this repion, snd from that &t the bobtom of core ¥o. B7. The
fellowing forms are abundant; Dipospyris &ff. forcipata Haeckel
irecorded Irom the Cembtral Pacifie), Lalocyelas aff. virginia
{imeckel (recorded from the Central Pacific), Stichocorys baeri

Haeckel (recorded from the North Pecific), Zucyrtidium delmontense
Campbell and Clark (recordsd from the Miocene of California), and
2 munber of szpecles of Dictvespyris (See Pl. II, fig. 2}.

It is likely that sclution of the mors delicabte tests
hes sltered the facles of this fauns subsequent to deposition,
but nevertheless the general aspect is not that of & recent
assepblagze. A mors thorough deseripiion of this feuns will be
glven in & later publication.

Evidence of Erogion gnd Re-Deposition.

From the lists ziven In the preceding ssctions, it will
be seen thet the Radiolarien fauns st the %Lop oF core YNo. 7B
includes all the spscies which eccur in the other surface samplss
monbliered examined, btogether with specles feund at & depth of



The Otcurvence of some Widsly-Distributed Present-bDay Radiolavie.

TABLE

£

Core Ho.

Dapth below sediment
surface (om.)

el

[ S ——— bk vt R R ol i NV M, M RN bt b i BAEY A e e e B2 2t RS
T T TR I T e R T R e e T S R R I R ST B e B R R R MR T e TR M B ER ET AR RSN I

Cyphonlum memmariue Hasck.

= x b 4 % -4 x x x

Pepsrtus cusadrijusus Heeck, bt X x bis % % X X
Heliodlacus a&t@riseua.ﬁﬁsék; b:+ X b3 X X X x X
Euﬁhitani& slegang (Bhr.) x X X x X x 4 i
Spongaster tetray Ehy. x -x_ x b | X x x- i-
T@tréyyla guadyriloba (Bhr.) X b4 b4 et % x X X
ﬁnthmgyftiﬁium,ciﬁararia Haeck., =x i x X x x X x
éafpacanium.garist&minm Hasel. x X x x X x5 x x
¢, petalospyris Hesck. x x x % x x X x
Fharocanium %riéciﬁum Heeck. b4 x X X x X x b:4

Caloeyelas emicae Kéeak. x X 7 X X x X x |
Tricolocamps ?alyzana Hasck, x x x X x x X X
Lithomitrs linsate {(Faeck.) X x X X k4 % b4 X
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IC metres below the surface of the sediment of core Xo, 87. There
There szre five possible explanations for such an association of
older and newsr species.

{I). The Tertiary species may be relics, extinct in
moss parts of the oceans but s5ill living in certein restricted
areag, of which this 1s one. If this is the case, there is no
regson why the tests of the Tertiary species should show more
abrasion than the Recent forms - ss is pointed cut below, the
skeletons of Ducyrtidium delmonbtense Camubell and Glark show
unmistekeable signs of abrasion. Noreover, it is likely that sall

of the Tertiary forms concerned are inhsbitants of the surface
waters, and not of deep bhasins, so that the chances of isclation
are snall.

{2) The Tertiary species may be brought 0 ths surface
by burrowing invertebrates living at the surfece of &She sediment,
and thus bscome mixed with the skeletons of pressentb~day species.

If this were the only mixing mechenism im action, the proportion
of Tertlary forms in relation tec Recen: forms should cdecreasse &s a
gesometric progression in an upward direction in the sediment.

That this 18 not the case is cuvious frowm an inSpecﬁion of . the
Teuns at levels one metre apart in the core - the proportion of
Tertiary forms t0 others remeins fairly constant in the upper
metres.

(3) The older species are mixed with the more.rscent
ones by isoclated catastrophes of short duration, such &s submarine
slumping, density currents, or the disturbing sffects of tsunamis
or submerine volecanic activity., To test this hypothesis, the
levels in the core at which present-dey species disappear were
determined - the results are given in Table . II. It 1s seen that
these forms do not diseppesar simultanecusly, but the veritical
ranges of each are different. .If one or more isolated catestrophes
were responsible for the mixing, there would be abrupt disasppearance
of many spscies af certain levels.

(L) Core Ho. 87 is taken in an area of erosion, so
that the sediment at the surface is of an sge intermedlate between
that at the bottom of this core, and the sediment being deposited
at the present day in other parits of the ocean. 4As with
suggestion (I), such sn explanation is nobt consisbtent with the
gbrasion of the Tertisry forms.



TABLE II

Illustrating the Time-Ranges of some Hadiolaria, in Core Ho. 87.

Gn the basis of comparison with the resulte from other cores, 1t 13 belisved that this
teble gives a true pleture of the relative tims-penges of the species concerned, though
there wey be some modilicetlon due ko unobserved slight disconformities.

Depth DoLow Sediment I9 20 30 L0 50 60 68 80 90 I90 290 390 LYo 587 690 790 890
i

Cyphopdwn meymeriue Heeck, x XX X X %X X X X X % % X XK = = o =
Penertus guedrijusus H, ZX X X X X X K KX X XA X e  m  m e =
Heliodiscuys sateriscus H. XXX X X X X X X X x % X X X X X x
Buchitonis elmam_ (Ehr. ) XXX X E E X = o =  wm  om wm  w  w o 0= - -
Spongaster tetras Fhr, XXX X %X X X X X X KX = 0w 2w = = = -
Tetrapyle quadrilobe (Bhr,) xx % X X X % X X % X % X = = = = =
Apthocyrtidium eineveris B, x X X x % %X X X % %X %X % %X % X X = =
Carpocanium peristomium H., %2 X X X X X X X X X X = = = =  m e =

G, p@ﬁ&l@ggyris He XXX X X K K = e

Pteroceniuwm tricolpum H, XXX X R = = = = = - = o - - -
Cajocyclas amicee H. _ A X K K e e e
Iricolocamps polyzona H. XXX X X X X X X X x X X % x X X
I4thomitrs linsata (H.) XXX X X ¥ X X % X X% ® X X % X X X

|




{5} The Tertlary specles ere being cerrisd by & botsom
current to the position of core ¥o. 87, from an adjscent ares of
erogloni they enter the sediment simultaneously with Lhe sksletons
of forms living in the surface weters. This appears to e %w the
true explenation.

One method of tesbtling the validity of this conclusion
iz to examine the degres of erosion, or sbresion during btransport,
of the Tertisry forms found In the surfece sediment. rrbidivm
delmontenss Ceampbell snd Clark Is & suibeble form for such & test.

T
fpias]

The uppsr thres segmenbts of itz skeleton (particularly the thorax
and first sbdominal sezwent) are more sbturdy than the subsequent
ones. If any ebrasion takes plsce, Lt is the latter segments
which will be worn awesy first., In samples both from the top of
core Ho. 378 and near ths botbtom of core No. 87, counts wers mede
0f ths muher of specimens of this specles which had (I) the
first thres segmenss indact, (2) the [irst four segments intaeh,

and (3} more than the flrst four segments intact. The resulbs

ere selb out in Tables III, below.

Table IiI

e o)

Core Ho. 878, the uppermost centimesrs.

Fo. of inteet ssgmentz iz Hucyrtlidium delmonterse

% L More then [
No. of specimens 179 97 7
Percentege of = ,
total counted 57-1 52.9 8.9

Core lo. 87, at & denth of 10 metres.

Bo. of Inteed segments in Bucyrtidium delmontenss

3 b Kore then I
¥o. of specimens 167 ' 128 _ L1
Percentage of - 45,7 38.1 18,2

total counbted




Thus it is seen that & grenter percentage of specimens with foup
or more chambers is found in the deapar semple, and the rercentage
of sSpecimens with only thres intact seswents 1s oreater in the
upper ssmple. This supports the thsory thet specimens of this
spscles in the surfece sampls heve heen sulactad So sLrasion, and
are provably derived from some other locellty where sediments of

g late T@rtiarg agez ars expésasd Lo the zctlon of surrenta,

An alternatlive expleration eould be that hurrowlng
ipvertebrates living et the sedimens surface erush the sikelstons
&0 o greaster sxtent abt presant then Ehey dld ab the time of
dgposlibion of the sedlment ot ths bobiowm of this core. This,
mowsver, is unlikely. &s even the most delicate of the prosent-day
spscies ars well nressrved in the uppsr ssmple.

Digcussion.

The first question which arisss in conmnection with
the forezolng evidence o sroslon by currents in the Geapn-sen 1s
vhether this process iz wide-spreasd. Ik might well Le resiriched

-

toc & few pluces, where the %Lopography of the ses f{loor exXposes

&7

spdiments to the action af currents: and the latser may b

:

coenflined by the fogograshy %o & perbiculearly nerrow chaprel, with
g consgquent lumeresse In their speed, turbulence, and trensporting
power. Wiseman and Ovey (1950, pp. 45 et see.) have summerized
She results of the few recent Investigetions on the agents of
transportation of meterlal along the deep-ses floor. In the
Yesbern Paclific, ab lesst, Lthe effocts of such ervsion and
transportation seem %0 bs rather wide-spread. ?rﬁlimin&ry
nvesbigetions indleabe thait labte Tertisry Zsdiolaris have been
deposlted ln the upperwost parts of several of the ssdiment cores
taken in this reglon, e.z. Core Mo. 85 {(Zet. 5 3L°H, Long. IL9 ldi°w,
depth Lelow ses surfsce 5530 = 50 m.) and Gore No. 76 (Let. 3 45N,
Long. L9 44"8, depth below see surface 5155 m.).

Wherse the see floor has not been affected by Sectonie

movements during ths Tertisry, and the older sediments sre

covered by & thick layer of Fleistucens deposits, disturbsnce of
be sediments by botsom currents would be difficult Lo dabect even
ir 1% were univeérsal. 3Sediment perticles under such condlitions
Bay wkierse no more transpert then & litsle intermittens galtetion,
even though a consldaraile number of varticles mey simlitansously
b2 iIn susponsion some mebres above the bothom. 1In & rezion of
recent dlasirogphic achiviiy such as ths Wesbtern Pacifle, however,
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the redistribution of sediments by bottom currents may be
expected to have more fapr-resching effects. Subseguant to the
tectonlc wovements of the Tertiary, unconsolidated sediments
must often have been bDrought inte the sphere of influence of
any deep currents which may have axist&ﬁ, angd considerable
grosion mey have taken place.

Our knowledge of the existence and neture of currenss
at grest depths is at present scanty, bubt some mesasursments of
the bturbldivy of sea-water msde by the hydrozravhers of the
Swedleh Deep-Ses Expedlilon asre of intarsst in this conrection.
Turbidity measurements were used to sstimebe the amount of
meberial suspended in the weber at different dspths, and there
wag Ooften found Ho be & concentretlion of perticles in suspsenaion
near the sea floor. dJerlov (IF50) stabtes :

"Eine solche
Schichbung In Hodemniihe wurde an vielen Stationen wihrend der
Expedition beobachtet. Nine Erklirung fir dleses Phinomen kenn
mglichsrwelse darin zu suchen ssin, dess laginere Sbrdmungen
Sediment von in der Nihe gelsgensn hiheren Stellen mitfihren.
Dies bedeutet, dass dle Sedimentation von der lokalen
Topographie bseinflusst wird".

reasurements of Surbidity close to the sea [loor wsre
unfertunatsly not mede in the Western Paclflic, and such sn
invegtigetion remalns one of the more Important desiderata of
the study of sedimentation in that region.

In the past, workersz studying the Radlolerie have
fgken no asccount of the poselhility of the sse floor heing
eroded by bollom currents: they have sssumed that any skeletal
remeing at the surfece of the sediment sre of recent origin,
In & group such as the Radiolsria, where our knowledgze is largely
based on skelstal remains 1n sediments, the conseguences of this
are rather sericus. For example, Haeckel (IBE7) desscribed some
1500 species of Radlolaria from the Central and Western Tropical
Pacific slone (this figurse includes only those spescles with
skeletons capeable of preservation in sedlwents), end it seens
not uniikely that a considerable number of thess forms are not
living at% present, bubt have bespn derived from late Tertiazry
deposits.

In the future, it will be nscessary for invesitigabors
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o comsider the possibility of mixed fsunas, made up of slements
which sre not isochronous. From one point of view, this has sat
back our knowledge »f the Rediolaris - 1% is no longer possilble

to he sure that the spaclez described by sucth workers as Heachel
gre living in the occeens. On the other hand, the fact that
Tertiary Radioleris can occur in Rscent sediments enhsnces the
velue of this group for geologicel investigabtions of deep-ses
sediments. These slliceous skeletons resist solution and sbrasion
50 & much gresbter extent than the remains of mosi ofther orgenisms,
and thelir smell size enailes them Lo be cerrlsd by currents
wheneover thers ig any movement of sediment in suspension. Where
mixing of see-Lloor ssdiments hes occurred, the Radiolaris, and
possibly also the dlatoms, sre probably the only fosslls which
will indleate 1%. The limited time-ranges of the specles, and
tnhe wide geographiesl distribubtion of & large mumber of forms,

ere importent factors which indlcate that the skeleltons of these
orgenisms will become incressingly useful for stratigraphlcsl
correlations in deep-ses sediments.
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EXPLANATION OF PLATES.

A11 the figures of Plate I were drawn to 500z, and are
reduced one half. The figured specimens sl} came from a depth of
999-1000 cm. below the surface of the sediment of core No. 87.

For the microphotographs of Plate II, the author is
indebted to Dr. T. Levring, dirsctor of the Marinbotaniska
Institub of Giteborg.

PLATE I

Filgurs .
1. ZLychnocanium grande Caupbell and Clark rugosum n. subsp.
2, [Prterocorys splendens Campbell and Clark albstrossensis n.subsp.
3, L. QCalocyclas margatensis Campbell and Clark. The damaged
speclmen (Fig.l) shows the nature of the incomplste septum
et the thoracic striciture.
5. Bucyrtidium delmontense Campbell and Clark.

PLATE II

Plgure

I. A representative part of a strewn~slide of the Radiolaris
from core No. 87 (IO metres below the sediment surface). Ik
illustrates the relative abundence of Rueyriidium delmontsnse
C. and C. 65x.

2. A representative part of & strewn-slide of the Rediolaria
from core Ho. 9I (Il metres below the sediment surface),
illustrating the relatlve sbundance of Bueyrtidium delmontense
G. and C., Calocyclas aff,. virzinis Hseck., and Dictyospyris
Spp. 65%.
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