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2 JOHN .MURRAY EXPEDITION 

I. INTRODUCTION. 

DURING the cruise of the" Mabahiss" from Zanzibar to Colombo at Station I :~3 
(10 25' 54" S. to 10 19' 42" S. and 660 34' 12" E. to 660 35' 18" E.) several small rock 
fragments were brought up in the Monegasque net; and, since at this position there is 
no possibility of the material being transferred by floating Ice, these specimens are of 
some interest as samples of oceanic rock foundations. The interest arises from our very 
limited knowledge of this subject, and such facts as are available are generally based on 
the petrography of oceanic islands or more indirectly on geophysical considerations. It 
was thought therefore that a description of both the chemical and petrographical features 
of these rocks, taken from the bottom of the ocean, would be a useful contribution, and 
thereby give some critical evidence concerning the theory held by many geologists that 
a large area of Gondwanaland now lies submerged to the west of India. 

The Carlsberg Ridge, on which Station 133 is situated, was originally postulated by 
the Dana Expedition (Schmidt, 1932), but it was left for the John Murray Expedition 
to carry out a more detailed survey of this important tectonic feature. The ridge (Text
fig. IA), according to Farquharson (1936), the Surveyor of the expedition, commences 
near Socotra, continues with a S.E. trend to the equator and then gradually swings round 
to the S.W., including in its course the Island of Rodriguez. Owing to the scarcity of 
soundings it is, perhaps, premature to consider it continuous, but the work of the Murray 
Expedition indicates that the ridge, perhaps crossed here and there by depressions, 
represents a major structural feature of the Indian Ocean. Inasmuch as it is a well 
established principle of geology that the greater crustal movements are invariably 
accompanied by vulcanicity, so the occurrence of igneous rocks at Station 133 is not 
unexpected, and it would seem that, if a further search were made along this ridge, volcanic 
ejectamenta would be found in some of the trawls. 

The Carlsberg Ridge is a complex structure consisting of a series of ridges and furrows, 
which are suggestive of folding perhaps accompanied by faulting. At Station 133 the 
trawl was at a depth of approximately 3385 metres, and the topography of the sea floor 
in tIllS neighbourhood is shown in Text-fig. lB. It is interesting that at this station the 
oxygen content at first decreases, and after reaching a minimum increases towards the 
bottom owing to the presence of Antarctic water, whilst the temperature at 3000 metres 
was 1.90 C. The specimens are thus associated with sea-water at a very low temperature, 
containing at least 2·4 c.c. of oxygen per litre. No attempt was made to obtain a Bigelow 
tube sample, so the nature of the mud, if any, associated with the specimens is unknown. 

About forty rock fragments, varying in size from 3i in. to l in., came up in the trawl. 
Their shapes vary considerably, as shown in PI. I, but apart from three or four more 
rounded specimens, there is a general tendency to angularity. All the rocks have a black 
appearance, but in the majority this skin is of negligible thickness. Exceptionally, 
however, it may attain to -l in. (St. 133, 8), and then the specimens are rounded, as 
illustrated in PI. I, fig. I. If such a specimen is sectioned, the interior is revealed to be 
rock surrounded by a peripheral black coating (PI. I, fig. 5). The junction between the 
coating and the kernel is sharp, and when the exterior zone is removed the angularity 
of the interior rock is well exhibited (PI. I, fig. 4). It may be asked therefore whether 
all the specimens had originally a peripheral coating. This may well be so as this coating 
is easily removed, and in addition it is difficult to suggest a process capable of producing 
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TEXT-FIG. lA.-Chart of Indian Ocean. 
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4 JOHN MURRAY EXPEDITION 

such a feature on a few fragments and not on others. But against this hypothesis it 
could, with some ju tification, be urged that with the 'mall amount of material in the 
net the trituration would be negligible, and so the question must be left unsettled. 

II. NATURE OF PERIPHERAL COATING. 

Concerning the nature of this coating it must be indicated that, in addition to the 
dark material, small light fragment' occur, which }uwe a rough radial arrangement. This 
feature can be made out in PI. I, fig. 5, but is more clearly exhibited in PI. I, fig. 3, which 

A B 

TEXT-FIG. 2.-Nature of peripheral coating, Carlsberg Ridge. A. X 33. Peripheral coating of 
variolitic basalt (St. 133, 8); the small light fragment· have a tendency to outline globules 
of dark opaque mangane, e material. B. X 68. Junction of coating with variolitic ba. alt 
(St. 133, 8) ; the variolitic basalt is separated from the mangane e material by quartz grains 
and a zone of fibrous chlorite arranged in stellate groups. 

is magnified seven times. The junction between the rock and the coating is sharp, whilst 
the light-coloured material lies in a direction approximately perpendicular to the rock 
surface. A discussion concerning the nature of this coating will be given in a later report, 
and as it is similar to the manganese nodule material found at Station 166, only a brief 
description will be given. 

One of the most remarkable features is the large amount of water which th peripheral 
coating contains, for a determination by the usual Penfield method, without any special 
precautions being taken to avoid volatiles, gave 28'35% total water, of which 18'75% 
came off below 1050 C. Further, when the material is treated \yith dilute hydrochloric 
acid, abundant chlorine i liberated, and small flakes of a colourless in .. oluble material 
are left behind. The majority of the flakes have a low refractive index (ca. 1'480), and 
they are for the mo't part isotropic, though a few may show slight birefringence. They 
are of two main types: those with a wavy or perhaps shard-like appearance when 
examined under the high power of the microscope, whilst others have a wavy structure 

I 
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in one portion and a featureless surface elsewhere. Their colour is faintly brown, but the 
intensity is very variable, even in a single flake. It ,vill be sufficient for our purpose 
to remark that the flakes have characters similar to those occurring in the manganese 
nodules from Station 166. In audition to this isotropic substance, small quartz grains 
occur in the insoluble residue, but they are comparatively rare. . 

In a thin section of one of the rounded specimens (St. 133, 8), a small vein of 
manganese material, having its origin in the periphery, occurs in the interior rock. This 
vein can be !'Icen in PI. T, fig .. 5, whtre it is shown by its slightly darker colour. In thin 
section the peripheral isotropi m terial has a colour of intenser brown than when isolated 

A B 

TEXT-FIG. 3. -Variolitic basalts, Carlsberg Ridge. A. X 68. Augite-basalt (St. 133, 8); the 
felspar occurs as thin untwinned laths, ·and in places the augite is altered to chlorite (linear 
shading). B. X 152. Oxidized basalt (St. 133, 5); the variolitic character of thi - basalt 
can still be made out in spite of its alteration; most of the original glass is oxidized and the 
brownish alteration product is shown by lighter shading. 

by means of dilute hydrochloric acid, though it is occasionally colourless. This feature 
may be connected with a film of manganese masking some of the flakes. Under the 
microscope the flakes have a tendency in places to outline globules of dark opaque material 
(Text-fig. 2A). 

Occasionally the black opaque material occurs in direct contact with the interior 
basalt without any tracc of a transition, but gcnerally a thin zone of quartz grains, giving 
undulo e extinction, is found bet\yeen it and the interior, whilst in other places the quartz 
grains are separated from the manganese material by a green fibrous mineral, arranged 
in small stellate groups (Text-fig. 2B). This mineral, giving first-order interference 
colours, has positive elongation, and is probably a chlorite. In a tangential section of 
the periphery, in addition to the isotropic substance and occasional quartz grains, 
small felspar crystals, showing lamellar twinning, and more rarely diopside can be 
recognized. 
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III. PETROGRAPHY OF ROCKS. 

About fifteen thin sections were cut from the Carlsberg Ridge specimens, so a 
representative idea can be forme<l about the composition of the rocks from this station. 
Considered as a whole, they arlj of a decided b"asaltic character, but no olivine has 
been found. .Many of the rock~ have undergone considerable chloritic alteration, but 
others are moderately fresh. l!'our representative moderately fresh rocks have been 
analysed, and the petrography and chemistry of these types will be described below. 

(a) AUGITE-BASALT. 

The interior of specimen Station 133, 8, of which the peripheral coating has been 
previously described, is a very nne-grained nolocrystalfine basalt (Text-ng. 3AJ. Tne 
felspar, occurring as thin untwinned laths, generally shows a sub-ophitic relation to the 
augite, but in addition tiny granllies of augite sometimes occur inside it. In composition 
it is an oligoclase with about 25% anorthite ()' = 1'548 ± 0'003). The augite, having 
a faint purple colour suggestive of titanium, occurs for the most part as small crystals 
between the felspar laths and exhibits no crystal shape. It is optically positive, and the 
refractive indices are: y = 1'732 ± 0'004, CI = 1'703 ± 0·004. In clinopinacoidal 
sections the maximum extinction angle is 50° (Z : c). A green fibrous chlorite, showing 
low interference colours and with positive elongation, is associated in small amounts 
with the augite, and is clearly, fot the most part, secondary after the augite. No olivine 
occurs in the thin section, agreeing with its absence in the norm, and quartz has not been 
detected. 

The chemical composition of this basalt is giv('n in column 1, Table 1. In preparing 
the rock for analysis care was taken to avoid both the manganese vein and the peripheral 
portions. The main chemical fea.ture of the basalt is the high soda and low potash, and 
in connection with the manganese periphery it should be noted that the basalt contains 
a normal amount of )fnO. The normative compo~ition of the felspar is Ab61An39 , whilst 
the observed composition is Ab7An

25
• An altered augite-andesite described by Thomson 

(1909) from Mt. Anketel, Wes~rn' Australia, has a similar composition (column 2), 
except that the titania and soda are lower, whilst the manganese is unusually high. A 
basalt from Folsam, New }Iexico (Washington, 1917a) (column 3), is chemically similar, 
apart from the slightly lower soda and the appreciably higher potash. The basalt erupted 
by Stromboli (Perret, 1916) in ~ovember, 1915, has a similar composition (column 4), 
but the soda is lower and the potash very much higher. A close comparison may be 
made with a post-Eocene basaltic dolerite described by Chautard (1907) from Cape Verde, 
Senegal (column 5), but the potaSh content is more than three times as much as in the 
Carlsberg Ridge specimen. 

These comparisons illustrate the unusual composition of the Indian Ocean basalt, 
for rocks of similar composition u~ually contain more potash, and apart from the abnormal, 
very much altered augite-andesit~ from Mt. Anketel the author is not aware of any rock 
showing similar chemical charact~ristics. The main fact to be explained is the high soda 
and the low potash, and it will be subsequently shown that this feature characterizes 
all the basalts from the Carlsberg Ridge. The possibility of this being related to the 
action of sea-water is discussed On a later page. 
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(1) Basalt with augite and oligoclase (St. 133,8), Indian Ocean. Analyst: J. D. H. 
Wiseman. 

(2) Augitc-andesite,,)[t. Anketel, Western Australia. 'W. Austr. Geol. Sur. Bull.,' 
XXXIII, 1909, p. 148. 

(3) Basalt, Folsom, Colfax County, New Mexico. 'U.S. Geol. Sur.,' Prof. P. XCIX, 
1917, p. 608. 

(4) Basalt. 'Amer. Journ. Sci.,' XLII, 1916, p.·451. 
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7 

(b) OXIDIZED V ARIOLITIC BASALT AND DISCUSSION ON SUBAQUEOUS OXIDATION OF 

GLASSY BASALTS. 

The second specimen analysed (St. 133, 5) is a fine-grained rock with ovoid areas of 
about I mm. diameter, filled with a soft brownish substance. In thin section it is 
variolitic (Text-fig. 3B), the minute felspar laths beieg arranged in a radiating fashion. 
A felspar phenocryst occurs in one portion of the slide, and its composition is oligoclase. 
Tiny granules, frequently very much altered, occur between the felspar laths, and 
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occasionally they are well enough preserved to be identiiied as augite, hut more generally 
these granules are too much altered for optical determinations. In addition to the above 
minerals a brownish substance, which may either be isotropic or anisotropic, occurs both 
in the ground-mass as well as in the ovoid areas. The refractive index of this material 
ranges from about 1·570 to 1·585. Peacock and Fuller (1928) have described a basaltic 
glass from Columbia Hiver, Washington, with a refractive index of 1·583, and so it seems 
probable that some of the isotropic material may represent unaltered volcanic glass. 
The brownish substance is in places fibrous and slightly birefringent, and it is suggested 
that the fibrous material is an alteration product of the glass. The common alteration 
of basic volcanic glass is to palagonite-a term applied by von Waltershausen (1845) 
to material forming the brown ground-mass of a tuff from Palagonia, Sicily. Later von 
Waltershausen (1853) realized the structural relation of palagonite to basic volcanic 
glass, whilst the transition of glass to palagonite has been emphasized more recently by 
Fermor (1925) and Peacock (1928). In a recent paper the latter author (Peacock, 1926) 
indicates that the Icelandic palagonite-tuffs have originated by the hydration of a basic 
volcanic glass, and he emphasizes that hydration is accompanied by extensi,'e oxidation 
of the iron content-an opinion which "to-day finds very general acceptance. All 
investigators of the palagonite problem appear to agree on its low but variable refractive 
index, and frequent statements occur in the literature that palagonite is sometimes 
birefringent, due to incipient molecular organization in the gel structure. rtfurray and 
Reynard (1891a) in their descriptions of similar material dredged by the" Challenger" 
mention the transition of basic glass into palagonite; and these authors record the 
anisotropy sometimes exhibited, but no accurate refractive index measurements are given. 
In 'view of the observations of these investigators it might be urged that the brownish 
anisotropic material in the specimen under consideration was produced by hydration 
and is to be identified as palagonite. With this identification, however, I cannot concur, 
since the refractive index is much too high. It is at present impossible to arrive at a 
positive conclusion about its exact nature, but it is interesting to mention that this 
material has also been found at Station 166, where it is associated with palagonitic 
material of low refractive index. It is possible to suggest as an hypothesis that the 
fibrous substance represents a chlorite with a large amount of water between the thin 
fibres, but such a suggestion must be taken with reserve. It is, however, safe to assume 
from the analytical e"idence that the anisotropic substance is produced during hydration, 
since there is 2·46% of uncombined water in the analysis, but no hypothesis, other than 
suggesting that the fibrous material is a chlorite, can be advanced to explain its moderately 
high refractive index. 

The results of the chemical investigation on this rock are given in column 1, Table 
III, and chemically it is similar to the augite-basalt (Table I, column 1) previously 
described. As before, the rock is characterized by negligible potash and over 3% soda. 
The silica is slightly lower than before, but the alumina is almost identical. Concerning 
the state of oxidation of the iron it is interesting to note that the iron is mostly in the 
ferric condition, and this oxidation is correlated with the hydration of the rock. In this 
connection the author (Wiseman, 1936a) has recently descrihed a rock, dredged from a 
depth of 744 fathoms near to Providence Heef, showing a similar oxiclation. In this 
paper it is concluded that the oxidation is directly connected with the sea-water, and is 
not due to subaerial weathering, as proposed by Pirrson (1914a) for the basalts of Bermuda 
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Island. It is difficult to imagine in the case of the Carlsberg Ridge variolitic basalt, found 
at a depth of nearly 4000 metres, how subaerial oxidation can have occurred, unless of 
course we regard it as representing a sunken remnant of Gondwanaland-a hypothesis 
which will subsequently be shown to be highly improbable. In the literature confirmatory 
evidence for the oxidizing power of sea-water is found in a recent paper by Correns (1930a), 
who examined a basalt collected by the Meteor Expedition from the Mid-Atlantic Ridge. 
Correns gives analyses of both the kernel and peripheral portions; in the interior he 
reports 2'30% F~03 and 7'55% FeO, whereas ir; the periphery the amounts are 16'56% 
Fe203 and 0'93% FeO. These figureg give a very positive demonstration of the oxidation 
and the concentration of the total iron in the periphery. Similarly, in analyses by 
Sipocz (Murray, J., and Reynard, 1891b) of the peripheral and interior portions of a basalt 
dredged from near the Sandwich Islands, oxidation occurs, and we may judge from these 
and other examples that the protective action of sea-water, as suggested by Pirrson and 
others, is unsupported by oceanographical investigations. Such a feature is, of course, 
not really surprising, for according to modern investigation, sel),-water, even at great 
depths, frequently contains appreciable oxygen. Thus, at Station 133 the oxygen 
content at a depth of 3000 metres is 2'41 c.c. per litre, whilst at the surface it contains 
3'68 c.c. per litre. It is this latent oxygen which is responsible for the subaqueous 
oxidation in many oceanic basalts, but the Murray specimens indicate that the presence 
of oxygen is not sufficient ilnless the rock is of a suitable character. 

In the ankaratrite-limburgite from Providence Reef the augite and olivine is set 
in a dark opaque substance, which represents original glass, whilst the basalt described 
by Correns from the Mid-Atlantic Ridge also contains glass in its interior. Similarly, 
in the specimen dredged by the" Challenger" Expedition from near the Sandwich Islands 
the interior is glassy whilst the exterior is largely palagonite. From these examples we 
may suggest that the presence of glass favours subaqueous oxidation, and in this 
connection it is significant that glass-free basalts from the Carlsberg Ridge have suffered 
no such change. The available analytical information, bearing on the problem of 
oxidation and the nature of the rock, is summarized, for convenience, in Table II. 

Fe203 
FeO 
H2O-

III, 1. 

TABLE II. 
(I) (2) (3) (4) (5) (6) (7) (8) (9) 

16'56 7-62 6'74 5'89 2·93 2·30 2·21 1·91 1'73 
0'93 2·28 4'42 4'70 6'31 7'55 7'39 6·68 10·92 
6·26 6'61 2'46 1·03 0'50 0·27 0'86 0·25 n.d. 

(I) Olivine-basalt, peripheral portion, Mid-Atlantic Ridge. 'Chemie der Erde,' V, 
1930, p. 83. 

(2) Ankaratrite-limburgite. Originally glassy. Providence Reef. 'Trans. Linn. 
Soc. Zoo1.,' ser. 2, XIX, p. 440. 

(3) Variolitic basalt (St. 133, 5), Carlsberg Ridge. Contains some glass. 
(4) Variolitic basalt (St. 166, 6° 55' N., 67° 11' E.). Originally had a glassy base. 
(5) Basalt (St. 133, 8), Carlsberg Ridge. 
(6) Interior of glassy basalt, Mid-Atlantic Ridge, op. cit. supra. 
(7) Basalt (St. 133, 12), Carlsberg Ridge. 
(8) Dolerite (St. 133, 15), Carlsberg Ridge. 
(9) Unaltered glass nucleus, near Sandwich Isles. ' H.M.S. " Challenger", Deep 

Sea Deposits', 1891, p. 463. 
(10) Decomposed coating of basic volcanic glass, near Sandwich Isles, op. cit. supra. 

(10) 

14'57 

n.d. 

2 
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An examination of this table reveals that a high percentage of ferric iron is invariably 
accompanied by a large amount of uncombined water, a feature which is very well 
illustrated by comparing the 2'46% of H20- (column 3) in the oxidized variolitic basalt 
with the low uncombined water content in the unoxidized rocks (columns 5, 7,8) from 
the same station. An oxidized variolitic basalt, originally glassy, from Station 166 shows 
the same high water content (column 4), whilst a simiiar feature is shown by the 
Providence specimen (column 2). In the basalt from the Mid-Atlantic Ridge nearly 
6% more water occurs in the oxidized periphery than in the glassy interior (columns 1 
and 6). The" Challenger" specimens (columns 9 and 10) show a great increase of ferric 
oxide in the peripheral zone as compared with the unaltered interior, but unfortunately 
the analyses by Sipocz are decidedly incomplete, for H20 - is not determined, nor is there 
any estimation of ferrous oxide in the decomposed coating. 

After what has been stated above there can be little doubt that the presence of glass 
was essential, in the specimens under consideration, for subaqueous oxidation of basalts. 
It has been previously mentioned that this contention is supported by the four Carlsberg 
Ridge analyses, for three rocks containing no glass are unaffected by sea-water (columns 
5,7 and 8). It is impossible, in this case, to account for this by a difference in conditions, 
for all the specimens are from the same locality; so the conclusion that the subaqueous 
oxidation is, in general, governed by the glassy character of the rock, seems justified. 
It is not suggested by this that all glassy rocks must a fortiori have undergone oxidation, 
for they may be of too recent age, or on the other hand, the surrounding conditions may 
not be suitable for such a process to take place. 

A fairly close comparison, apart from the state of oxidation of the iron, can be made 
with a basalt analysed by Washington (1917b) from Mt. Etna (Table III, column 2), and 
with a· basalt from Victoria, Australia (Table III, column 3). In both these basalts 
the ferrous iron content approximates probably to that occurring in the variolitic basalt 
before oxidation, whilst in addition the amount of uncombined water is low. A significant 
feature is the appreciable potash as compared with the insignificant amount in the 
Carlsberg Ridge specimen. In a basalt from Lake Balaton, Hungary (Emszt, 1906) 
(Table III, column 4) the percentage of ferric oxide is greater than ferrous, and the soda 
is approximately the same as in the Carlsberg Ridge specimen, whilst the potash is 
moderately low. Unfortunately Emszt gives no petrological description of this rock, 
nor has the uncombined water been estimated, so it is impossible, from the original paper, 
to determine its true nature. In column 5 of the same table the composition of a basalt 
showing similar chemical features is recorded from Bradshaw Mountains, Arizona (Jagger 
and Palache, 1905), and it is described as representing a border facies approximating 
to the surrounding basalts in composition, but probably representing a locally differentiated 
facies of basalt. Washington classes the analysis in his tables under the heading of 
"altered rocks ", a classification which seems justifiable on account of the 1'24% 
of uncombined water. 

From this brief comparison it may be concluded that, although fresh basalts of similar 
composition-apart from the state of oxidation of the iron~ccur in other areas, they 
invariably contain higher potash. The lowness of potash is, as will be emphasized later, 
a feature characteristic of the Carlsberg Ridge station. 
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TABLE III. 
(1) (2) (3) (4) (5) 

Si02 47'58 48'46 47'46 46'78 46'74 
Ti02 2'10 2'03 3'10 1'78 1'04 
Ala0 3 15'05 15'92 16'12 14'66 16'96 
F~03 6'74 3'42 2'96 7'25 6'44 
FeO 4'42 8·00 9·39 5'22 4'13 
MnO 0'14 0'18 0·25 0·23 
MgO 5'71 5·05 5'70 6'81 6'18 
CaO 10·97 10'02 7·27 9'61 11'90 
NaaO 3'19 4·13 3'51 3'08 3'13 
K 20 0·04 1'61 1'74 0'45 0'50 
HsO+ 0·99 0'01 0'57 0'89 
HsO- 2'46 0'03 0'72 

1'78 
1·24 

P20 6 .0·23 0'65 0'78 0'45 0'56 
CO2 Nil Nil Nil 0'58 
Inclusive 0·23 0·07 

99'62 99'74 99'64 99'37 100'52 
Norms. 

Quartz 2·64 
Orthoclase 0'56 9'45 10'56 2'78 2'78 
Albite. 27·25 15,68 29'34 28'82 26·20 
Anorthite 26·41 20·29 23·07 24'74 31'14 
Nepheline 4'83 
Diopside 21·17 20·24 6'12 15'61 19'65 
Hypersthene 4'50 5'44 8'61 1'56 
Olivine 8'50 11'71 1'12 4'11 
Magnetite 8·82 4'87 4'41 10'67 9·28 
Hoomatite 0·64 
Apatite 0'34 1'68 2·02 1'01 0·93 
Ilmp-nite 3'95 3'80 5·93 3'34 1'82 

(1) Variolitic basalt (St. 133,5), Carlsberg Ridge, Indian Ocean. Analyst: J.n.H. 
Wiseman. I 

(2) Basalt, lava of 1910, Mt. Etna, Sicily. 'U.S. Geol. Sur.,' Prof. P. XCIX, 1917, 
p. 618. 

(3) Basalt, Newlyn, Victoria. ' A. R. Sec. Min. Viet.,' 1912, p. 62. 
(4) Basalt, Lake Balaton, T6ti hegy, Komitat Zala. ' Jahresbericht d. Kg!. Ungari-

schen. Geolog. Anstalt.,' 1906, p. 338. 
(5) Basalt, Little Ash Creek, Bradshaw Mts., Arizona. ' Geologic Atlas of United 

States,' folio 126, 1905, p. 7. 

(0) HORNBLENDE-AUGITE-DOLERITE AND SIGNIFICANCE OF HORNBLENDE. 

The third specimen analysed (St. 133, 15) is a small angular black fragment, which 
on a fractured surface has a slightly greenish appearance. The thin section is remarkable 
for its content or green fibrous hornblende, as well as augite and plagioclase. The felspar, 
occurring as moderately broad short laths (Text-fig. 4A), has for the most part crystallized 
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before the augite. It rarely exhibits twinning and has a variable composition, for 
some of the larger laths may be as basic as Ab~9An71 ("'I = 1'572 ± 0'002), whilst others 
are as acid as oligoclase-andesine ((( = 1'546 ± 0·002). Hornblende, sometimes occurring 
as a peripheral border to augite, has clearly been derived from that mineral, and has a 
refractive index f3 = 1·640 ± 0'002, whilst Z: c = 24°. It is pleochroic from Z = faint 
blue-green to X = light yellowish-green. The colourless augite occurring as individual 
crystals and as kernels to the fibrous hornblende has 'Y = 1·709 ± 0·004 and a = 1'687 ± 
0'004, and the maximum extinction angle Z : c = 37°. A little iron-ore is present, and 
here and there a small patch of chlorite showing anomalous interference colours. Glass 
is absent in this rock. 

A B 

TEXT-FIG. 4.-Hornblende-dolerite and variolotic basalt from the Carlsberg Ridge. A.. X 6 . 
Hornblende-augite-dolerite (St. 133, 15); compared with the other Carlsberg Ridge basalts 
this has a relatively coarse texture; the hornblende (wavy shading), derived from the augite, 
occurs as a peripheral border to that mineral as well as in individual crystals. B. X 68. 
Variolitic augite-basalt (St. 133, 12); the oligoclase occurs as thin laths in a roug1ly radiating 
fashion, and the chlorite (linear shading) is intimately associated with the augite. 

The presence of green hornblende in this specimen is interesting, as it is the only 
specimen from the Carlsberg Ridge which contains that mineral. The absence of glass 
and the relative coarseness of the rock indicate that it cooled slower than tho e previously 
described, but yet it has not the coarse texture that is characteristic of gabbros. It would 
seem logical, both on textural considerations and from the presence of hornblende, to 
classify this rock with the dolerites in spite of the fact that it has a close chemical relation
ship to the associated basalts. A metamorphic origin might be urged by some for this 
rock, as the production of hornblende from augite is an establi hed metamorphic process. 
But as hornblende, . chlorite, albite and epidote are the normal products of low-grade 
regional metamorphism of basic igneous rocks (Wiseman, 1934), so it would be reasonable 
to expect, if the hornblende had a metamorphic origin, the felspar to be more albitic and 
to be associated with abundant epidote. Since this is not the case, a metamorphic origin 
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of the hornblende is suspect. On the other hand, it would be difficult to subscribe to the 
view that the hornblende is of intra telluric crystallization, for its occurrence as fibres 
projecting into the plagioclase makes such a contention untenable. To the author it 
would appear more reasonable to regard the hornblende as produced by end-stage 
reactions. Read (1935), in a recent paper on the gabbros from Haddo House district, 
Aberdeenshire, has described the production of a green fibrous amphibole by a post
magmatic modification of the original pyroxene, and it would seem that a similar reaction 
has taken place in the case of the Carlsberg Ridge specimen. 

It would be a rational inqu~ry to ask why hornblende occurs in only one specimen 
from the Carlsberg Ridge and not in the other basaltic specimens of similar composition. 
Further, it might be suggested that the hornblende rock belongs to a different period of 
vulcanicity than the other basalts. Although such a contention cannot be definitely 
disproved, the close chemical resemblance between the basalts and dolerite from this 
station would favour a contemporaneous origin, or at least an origin belonging to the same 
igneous cycle. The moderately coarse texture of the hornblende-dolerite, when compared 
with those of the more normal basalts from this area, indicates, as has been mentioned 
previously, that the cooling history of this rock was different from those of the more 
normal basalts. Consequently the difference in texture implies a different habitat for 
solidification, and hence the possibility of end-stage reactions whilst the other specimens 
were unaffected. 

The chemical composition of the hornblende-augite-dolerite is given in Table IV, 
column 1. The analysis is similar to the variolitic basalt (Table I, column 1) 
described on an earlier page, and the low potash is again a distinctive feature. It is 
noteworthy that in this rock there is no apparent oxidation of FeO to Fe20 a, and 
with this the small amount of uncombined water and the absence of glass in the original 
specimen is correlated. Lewis (1908) has described from the Palisades of New Jersey a 
basalt (column 2) with a comparable composition, apart from larger potash and total 
iron. The same difference ig shown by a basalt from EI SaIto de San Anton, Mexico 
(column 3), which according to Guild (1906) contains olivine and an orthorhombic 
pyroxene. A chemically similar diorite described by Alvisi (1912) from Elba (column 4) 
has an almost identical amount of soda, but the potash is three times as great as in the 
hornblende-dolerite. It is interesting to note th~ similarity between the norms of the 
Elban diorite and the Carlsberg Ridge dolerite. 

It is evident, then, from Table IV that, although rocks of similar composition occur 
in other regions of the world, yet no comparable analyses, which have extremely low 
potash content, are known. This again illustrates the abnormality of these rocks with 
regard to potash. 

(d) VARIOLITIC BASALT. 

The fourth rock analysed from the Carlsberg Ridge is a fine-grained variolitic basalt. 
In thin section it resembles the variolitic basalt (St. 133, 8) previously described, the thin 
felspar laths occurring in a roughly radiating fashion (Text-fig. 4B). The felspar is an 
oligoclase with about 26% anorthite (y = 1·548 ± 0'002), and rarely exhibits lamellar 
twinning. Augite, occurring as small crystals between the felspar laths, has a very faint 
purple colour, and its refractive indices are (] = 1'679 ± 0'004, y = 1'728 ± 0'004, whilst 
the extinction angle Z: c = 50°. A greenish chlorite, with positive elongation, is 
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Si02 

Ti02 

AlIlOs 
Fe20 S 

FeO 
MnO 
MgO 
CaO 
N~O 
KzO 
~O+ 
HzO
P20li 

CO2 

Inclusive 

Norms. 

Quartz 
Orthoclase 
Albite. 
Anorthite 
Diopside 
Hypersthene 
Olivine 
Magnetite 
Apatite 
Ilmenite 
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TABLE IV. 

(1) 

51'71 
1'39 

14'36 
1'91 
6'68 
0'14 
8,28 

9·90 
3·33 
0·09 
1'67 
0·25 
0'13 
Nil 

99'84 

0'36 
0'56 

27'77 
24·19 
19-43 
19'81 

2'78 
0-34 

2'74 

(2) 

51'77 
1'13 

14'59 
3'62 
6'90 
0·05 
7'18 
7'79 
3·92 
0'64 
1'85 
0'46 
0·18 

100-08 

3·89 
33-01 
20·29 
14'77 
16·88 
1·39 
5-34 
2-13 
0,34 

(3) 

51'56 
1'81 

15'24 
2'73 
5,99 

0'15 
8,30 

7'67 
3'74 
1'85 
0'16 
0'15 
0'47 

0'12 

99-94 

1l'12 
31'44 
19·18 
12'17 

6'81 
10'15 
3-94 
1·24 
3·34 

(4) 

52'21 
2'13 

13'93 
3'62 
6·01 

7'56 
10·24 
3-30 
0-25 
0-35 

99'60 

2-94 
1-67 

27-77 
22·24 
22'73 
12-48 

4'10 

(1) Hornblende-augite-dolerite (St. 133, 15), Carlsberg Ridge, Indian Ocean. 
Analyst: J. D. H. Wiseman. 

(2) Basalt, Springfield, New Jersey. 'N. J. Geol. Sur Ann. Rep.,' 1908, p. 159. 
(3) Basalt, EI SaIto de San Anton, Mexico. 'Amer. Journ. Sci.,' XXII, 1906, 

p.170. In this reference the amount of potash is given as 1'25%, but Washington con
siders this an error, and he gives 1'85 as the corrected value. 

(4) Diorite, Elba. 'Mem. Soc. Toscana di Sci. Nat.,' XXVIII, 1912, p. 205. 

associated with the augite, its colour being quite distinct from the yellowish-green 
chlorite occurring in the other variolitic basalt (St. 133, 8)_ Most of the chlorite is 
secondary after augite. No original olivine occurs in the thin sections, nor does any of 
the chlorite have the appearance of arising from that mineral, though there is 13% of 
normative olivine in the rock. It may be that olivine was never represented, and in this 
connection it is not unusual to find olivine in the norm, whilst it is absent in the mode. 
With the addition of small patches of iron-ore and an occasional grain of yellowish 
epidote the rock is completed. 
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The composition of this variolitic basalt is given in Table V, column 1, and the high 
percentage of soda and the low potash is again characteristic. No oxidation of the 
ferrous oxide appears to have taken place, and in this connection it is interesting to 
emphasize the absence of glass and the small amount of uncombined water. In column 
2 the analysis of an essexitic-gabbro described by Lacroix (1909) is recorded, and apart 
from the higher potash content has a similar composition. A further comparison can 
be made with a basalt described by Washington (1909) from Graham Island, near Sicily 
(column 3), but the potash is much higher. In the basalt from Graham Island and the 
gabbro from Cantal the amount of combined water is considerably smaller than that 
occurring in the variolitic basalt-a feature which is no doubt connected with the 
occurrence of chlorite in the variolitic basalt. 

TABLE V. 
(1) (2) (3) 

Si02 49·43 49·10 4S·97 
Ti02 1·94 2·92 3·95 
Al20 a 15·04 15·75 16·37 
Fe20 a 2·21 1·00 1·33 
FeO 7·39 8'80 8·56 
MnO 0·23 0·06 
MgO 8·40 6·35 6·22 
CaO 6·69 8·56 7·49 
N~O 4·45 4·47 4·09 

KsO 0'11 1·91 1·72 
H2O+ 3·16 0·75 0·38 
~O- 0·86 0·08 

P20S 0·19 0·22 1·04 
COa Nil 
Inclusive 0·08 

100·10 99·83 100·34 
Norms. 

Orthoclase 0·56 11·12 10'01 
Albite 37·73 24·10 34·58 
Anorthite 20·57 16·96 21·13 
Nepheline 7·67 
Diopside. 9·61 19·26 7·91 
Hypersthene 6·38 
Olivine 13'00 12·34 14·44 
Magnetite 3·25 1'39 l'S6 
Apatite 0·34 0'67 2·35 
Ilmenite. 3'65 5·62 7·45 

(1) Variolitic-augite-basalt (St. 133, 12), Carlsberg Ridge. 
Analyst: J. D. H. Wiseman. 

(2) Essexitic - Gabbro, Font - des - Vac!:tes, Can tal, France. 
'C. R.,' CXLIX, 1909, p. 546. 

(3) Basalt, Graham Island, near Sicily. ' Amer. Journ. Sci.,' 
XXVII, 1909, p. 138. 
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LV. GENERAL CHEMICAL FEATURES OF THE CARLSBERG RIDGE ROCKS. 

The analyses of three basalts and one dolerite are reproduced together in Table VI 
for easier comparison, the Carlsberg Ridge analyses being arranged in order of increasing 
silica percentage. Inspection of these four analyses reveals that, whilst there is a slight 
variation in the silica percentage, the alumina remains practically constant. All four 
analyses are characterized by a moderately high soda percentage, which varies between 

TABLE VI. 

(1) (2) (3) ~4) (5) 

Si02 47'58 49'43 51'71 52'24 48'58 
Ti02 2'10 1'94 1·39 1'83 1'77 
AI20 3 15'05 15'04 14'36 15'02 14'58 
Fe20 a 6'74 2·21 1'91 2'93 1'89 
FeO 4'42 7'39 6'68 6'31 7'65 
MnO 0'14 0'23 0·14 0'14 0'46 
MgO 5'71 8·40 8·28 6'01 6'36 
OaO 10·97 6'69 9'90 8'73 9'80 
Na20 3'19 4'4.5 3'33 4'02 4'02 
K20 0'04 0'11 0'09 0·21 0'43 

H20 + 0'99 3'16 1'67 2'25 2'93 
H20- . 2'46 0'86 0'25 0'50 0'68 

P20~ 0'23 0'19 0'13 0'20 0'19 
CO2 Nil Nil Nil Nil 1 ·00 
Inclusive 0'29 

99'62 100'10 99'84 100'39 100'63 

(1) Variolitic basalt (St. 133, 5), Carlsberg Ridge. Analyst: J. D. H. Wiseman. 
(2) Variolitic-augite-basalt (St. 133, 12), Carlsberg Ridge. Analyst: J. D. H. 

Wiseman. 
(3) Hornblende-augite-dolerite (St. 133, 15), Carlsberg Ridge. Analyst: J. D. H. 

Wiseman. 
(4) Augite-basalt (St. 133, 8), Carlsberg Ridge. Analyst: J. D. H. Wiseman. 
(5) Spilite, Mullion Island, Cornwall. " Geology of Lizard and Meneage," , Mem. 

Geol. Sur. E. & W.,' 1912, p. 185. 

3·19 and 4'45, whilst the potash is very low, ranging from 0·21% to 0'04.%. The total 
iron content is, perhaps, smaller than that usually occurring in basalts, but in one 
analysis there has been an oxidation of ferrous iron to the ferric condition, and with 
this the 2'46% of uncombined water is correlated. With regard to the lime and magnesia 
there is no systematic variation, for the lime may be greater or smaller than the magnesia. 
Titania, phosphorus and manganese occur in amounts normal for basalts, whilst the 
considerable H20+ is related to the presence of chlorite. Briefly, then, the chemical 
investigation bears out the relationship of these rocks one to each other, and emphasizes 
their dominant characteristic, namely, high soda and very low potash. 
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In the above discussion we have emphasized the rarity of comparable analyses. On 
account of this it might be urged that the low potash content is not an original feature, 
but is due to a possible leaching effect of the sea-water. Fortunately, in addition to the 
difficulty of accounting for the preferential removal of the alkalis there is some definite 
evidence on this point, for at Station 166 one or two specimens of angular basalt were 
found in the trawl consisting mainly of manganese nodules. An analysis has been made 
of a variolitic basalt from this station. The potash content is 0'57%, whilst the soda 
is 2'34, and since this basalt contains appreciable potash it is inconceivable to imagine 
preferential leaching at one station and not at the other when both rocks came from 
similar depths. It is therefore concluded that the low potash content at Station 133 
represents an original feature. \Vhether this is a characteristic of the Carlsberg Ridge 
as a whole is a matter for future work, but the occurrence of a variolitic basalt with 
appreciable potash from Station 166 would indicate that such a feature is not common 
to the whole Indian Ocean. 

It might be considered from the association of soda-rich, potash-poor basalts with 
deep-sea deposits that they owe their peculiar chemical composition to hydrothermal 
replacements under the influence of heated sea-water, but as will be shown subsequently, 
there are objections which make such an hypothesis improbable. It would therefore 
seem that some petrogenetic theory other than alteration by heated sea-water or by 
leaching is required. 

V. RELATION TO THE SPILITIC SUITE. 

In composition the Carlsberg Ridge rocks have some resemblance to spilites, and 
in Table VI, column 5, the composition of the Mullion spilite (Flett and Hill, 1912b) is 
recorded. According to Dewey and Flett (1911) the spilitic rocks are, as a rule, very 
much decomposed and the felspars are always rich in soda. The principal constituent is 
felspar; next in importance is augite of pale brown colour whilst, in addition, some of 
them have contained a fair amount of glassy base, which is devitrified and decomposed. 
A large number of spilites are variolitic and the augite occurs as irregular masses exhibiting 
a sub-ophitic texture. The Carlsberg Ridge basalts agree in general with this description, 
and in addition they have a chemical resemblance to rocks of the spilitic suite, as they 
are all rich in soda, but they are, on the whole, much poorer in potash than normal 
spilites. Mineralogically the felspar is never more acid than basic oligoclase, whilst in 
spilites it is typically albite-oligoclase. From these considerations it is reasonable to 
consider these rocks as basalts with spilitic affinitie,s. 

The occurrence of such rocks at the bottom of the Indian Ocean is significant, as 
spilites are frequently regarded as submarine. A brief survey of the literature renals 
that spilites and keratophyres are frequently associated with marine sedinlents in such a 
manner as to suggest a submarine eruption. Such rocks occur in Cornwall (Flett and Hill, 
191:2a), Devon (Flett and Dewey, HH2), Wales (Jones and Cox, 1913), Scotland (Peach 
and Horn, 1899), Australia (Benson, 1913), Germany (Brauns, 1909), Czechoslovakia 
(Kettner, 1917), Norway (Carstens, 1924; Goldschmidt, 1(16), Sweden (Beskow, 1927a), 
East Indies (Verbeek, 1905), and America (Knopf, 1918); but the keratophyres of Nevada 
are, according to Knopf (Knopf, 1921), subaerial, and so are the skomerites of Wales 
(Thomas, 1911). From this brief presentation it may be judged that although the spilitic 

ill, l. 3 
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rocks are mainly the products of submarine eruptions, they are very rarely subaerial. A 
similar conclusion has been recently emphasized by Gilluly (Gilluly, 1935) when discussing 
the spilites of eastern Oregon. The frequency of spilites with marine sediments would 
favour a submarine origin for the Carlsberg Ridge rocks, but a fuller discussion of this 
problem will be left for a subsequent page. 

It might be urged by some that the occurrence of basalts with spilitic affinities on 
the Carlsberg Ridge supports Beskow's (Beskow, 1927b) contention that the spilites are 
produced by hydrothermal replacements under the influence of heated sea-water. Beskow 
considers that the major chemical change is the leaching of potassium, and an increase 
of soda largely of marine origin. Daly {1914} supports a rather similar idea, for he regards 
the intense albitization as being produced by the eruption of lavas through wet sediments, 
and he invokes the action of resurgent water for the transference of soda. Although it 
is not within the province of this paper to discuss the spilitic problem, it is suggested 
that the submarine rocks investigated from the Indian Ocean give little support for the 
hydrothermal action of heated sea-water. Thus, in a rock collected at a depth of 744 
fathoms near to Providence Reef only 1'72% of soda is present, whilst the potash {0'95%} 
is quite appreciable. As stated in the original paper {Wiseman, 1936b}, this rock has a 
submarine origin, and hence according to Beskow there should be a possibility of hydro
thermal action. But such a process cannot have taken place, for the alkali content is 
normal. Similarly, in a previously mentioned variolitic basalt from Station 166 the 
alkali content is normal; the composition of this rock is recorded in Table VII, column 2, 
but the petrographical description will be reserved for a later publication. It would 
therefore seem, both from the above evidence and from other oceanic rocks described 
in the literature, that submarine basaltic eruptions do not of necessity involve the 
production of spilites. From this it would seem unnecessary to invoke the action of heated 
sea-water to account for the spilitic tendency of the Carlsberg Ridge basalts, but rather 
that the soda-rich potash-poor feature is an inherent tendency of the magma itself. It 
is not suggested that the oligoclase crystallized out of the molten magma as such, for as 
demonstrated by Eskola {1925}, the subophitic nature of the pyroxene opposes such a 
contention, but that the albitization of a more basic plagioclase was a property of the 
magma itself and did not require the aid of external agencies. As to the period of 
albitization, it must have taken place before the eruption of the small fragments, and 
hence presumably in the volcanic neck. 

VI. COMPARISON WITH OTHER ROCKS. 

(a) THE INDIAN OCEAN. 

In Table VII one new analysis of a rock from the floor of the Indian Ocean is given; 
column 1 represents the average of the three unoxidized Carlsberg Ridge rocks, column 
2 a new analysis of a variolitic basalt from Station 166, whilst column 3 is a limburgite 
from Providence Reef. In the two latter analyses the ferrous iron has been largely 
oxidized to the ferric condition. Although the chemical evidence is very limited, the 
analyses of the first three columns support the hypothesis of a basic substratum to the 
Indian Ocean, and from the available evidence it would seem that the soda-rich potash
poor basalts are not characteristic of the area as a whole, but are a local variety of a 
basaltic type. 

, , 



SiOz 
TiOz 
AlzOa 
F~Oa 
FeO 
MnO 
MgO 
CaO 
Na:aO 
KzO 
HzO+ 
~O- . 
PZ05 

CO2 

Inclusive 
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(1) 

51'12 
1'72 

14'81 
2'35 
6'79 
0'17 
7'56 
8·44 
3'93 
0'13 
2'36 
0'54, 
0'14 
Nil 

(2) 

46'55 
1'17 

18·13 
5'89 
4'70 
0·09 

'3·82 
13'69 
2·34 
0'57 
1'33 
1'03 
0·92 
Nil 
0'10 

TABLE VII. 

(3) 

40'10 
3'72 

14'54, 
11·27 

3·37 
0'13 

11'48 
10'89 

1'72 
0'95 

1'39 

0'44 

(4) 

48'62 
2'00 

17'69 
3'76 
5'76 

5·25 
8'76 
4'45 
2·27 
0'75 
0·29 
0'59 

(5) 

46'49 
2'86 

14'28 
2'90 
9'43 
0'16 
8'87 

11'23 
2'74 
0'48 

0'20 } 
0'52 
0·27 

(6) 

48·22 
2'72 

14'74 
2·24 
9'38 

7·01 
12·26 
2·23 
0·89 

0'06 

0'35 

(7) 

50'61 
1·91 

13'58 
3'19 
9'92 
0'16 
5'46 
9'45 
2'60 
0'72 
1'70 
0'43 
0'39 

100'06 100·33 100·00 100·19 100'43 100'13 100'12 
(1) Average of three unoxidized rocks from the Carlsberg Ridge. 
(2) Variolitic basalt, Station 166. Analyst: J. D. H. Wiseman. 
(3) Limburgite, Providence Reef. Recalculated without water and ualcite. 'Trans. 

Linn. Soc. Zool.,' ser. 2, XIX, p. 440. . 
(4) Baaalt, Tonnere Cliff, Rodriguez. 'Mineralogie de Madagascar: III, 1923, 

p.239. 
(5) Average of two basalts from Mauritius. 'Quart. Journ. Oeol. Soc.,' LXXXIX, 

1935, p. 5, and' Mineralogie de Madagascar,' III, 1923, p. 239. 
(6) Average of eight basalts from Reunion. 
(7) Average (if eleven Deccan Trap analyses. ' Bull. Geol. Soc. Amer.,' XXXIII~ 

1922, p. 774. 
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According to Farquharson, as I have mentioned before, Rodriguez lies on a continua
tion of the Carlsberg Ridge, and if this is so it would be reasonable to expect a relation 
between the rocks of this island and those from Station 133. Although the "Venus " 
Expedition (Balfour, 1879) called at Rodriguez, no detailed description of the lavas is 
given in their reports, but ~acroix (1923c) describes the island as consisting of olivine
basalts which occasionally contain nepheline, and he gives an analysis of a basalt (Table 
VII, column 4). If this analysis is representative of the island, then the lavas of Rodriguez 
are much richer in potash than those from the Ca'rlsberg Ridge station. Consequently 
the available evidence would indicate that the basalts are of a different type to those of 
the Carlsberg Ridge. This observation, if true, is of some significance in any discussion 
on the regional extent of the Carlsberg Ridge, for frequently igneous rocks erupted within 
a period of magmatic activity and on a given tectonic line show a certain community of 
chemical and petrographical features. It might be reasonably expected, then, that if 
Rodriguez lies on a direct continuation of the Carlsberg Ridge, the basalts would be 
characterized by low potash; but this is not the case, and consequently the petrological 
evidence does not favour such a prolongation of the ridge. A critical examination of 
the hydrographical evidence in favour of placing Rodriguez on a continuation of the 
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Carlsberg Ridge reveals only two soundings between latitude 5° S. and the island, and 
hence too much reliance cannot be placed on a contention based on such meagre hydro
graphical eyidence. If, on the other hand, Rodriguez is not on the Carlsberg Ridge, 
then the different character of its basalts finds a natural explanation. 

The available soundings suggest a deep depression between Rodriguez and Mauritius, 
and the Antarctic bottom drift which, according to the results of the Murray Expedition, 
comes up between these islands, gives support to such a contention. It is possible 
therefore that Rodriguez and Mauritius lie on different structural lines, but Mauritius 
and Reunion are probably on the same bame Whether these two islands lie on a con
tinuation of the Seychelles bank is a matter for future confirmation, but the work of the 
Percy Sladen Trust Expedition (Gardiner, 1907) to the Indian Ocean indicates the 
possibility of a channel intersecting this bank. 

Mauritius, situated 100 miles E.N.E. of Reunion, is essentially volcanic. Several 
investigators-Bory de Saint Vincent (1804), Darwin (1845), Clark (1867), Drasche (1878), 
Haig (1895}-have described this island, but it was left for Shand (1935) and Lacroix 
(1923c) to study the petrology of the lavas. The lavas are mostly olivine-basalts of 
normal character, but in addition trachyte occurs at La Selle. Washington (1930b) has 
remarked on this association for the Intra-Pacific volcanoes, for he states that" there 
are now known to be very few islands or island groups in the Pacific that are wholly 
basaltic and without trachyte or basanite". A similar association has been recorded 
on Reunion (Lacroix, 1923b), Madagascar (Lacroix, 1923a) and Christmas Island (Smith, 
1926). In Table VII, column 5, the average of two basalts from Mauritius is given, and 
this column is remarkably similar to the average basalts from Reunion (column 6). 
Further, the compositions of the trachytes are alike. From these facts it would seem that 
the rocks of Mauritius and Reunion are comparable-a conclusion agreeing with the 
hypothesis that these islands are on the same structural bank. In the absence of trachytic 
types the rocks from Station 133 obviously differ from those of Mauritius and Reunion, 
and, furthermore, are poorer in potash. To the author it would seem premature to 
compare, as Lacroix has done, Rodriguez with Mauritius, but it is perhaps significant 
that no trachyte was brought back in the collections of the" Venus", whilst the analysed 
basalt is richer in alumina than the average basalts from Mauritius ant! Reunion. 

Some oceanographers (Schott, 1935) consider that the islands of New Amsterdam, 
St. Paul, Kerguelen and Heard lie on a continuation of the Indian Ocean ridge, but such 
an hypothesis must, owing to the scarcity of soundings, be relegated to the realm of 
speculation. It is interesting, however, to compare the petrology of these islands with 
the rocks from Station 133. New Amsterdam is situated south-east of Reunion and north
east of Kerguelen, whilst St. Paul is on the same meridian, but 50 miles further south. 
All the islands are volcanic, and were studied in 1866 by Hochstetter (1866), and more 
recently by Phillipi {1905}. New Amsterdam is completely basaltic, and Lacroix (1923d) 
reports in two recent analyses 0·79 and 0·51 % K20 ; so it is evident that the basalts of 
this island contain appreciable potash. In the reports of the German expedition a volcanic 
" bomb" is described from a depth of 2414 metres at a station 114 miles north-east of 
that island. It is significant that in the analyses of this" bomb", incomplete as they are, 
1 % of potash occurs, giving support to our contention that the low potash content of 
the Carlsberg Ridge rocks is not related to the action of sea-water. St. Paul is geologically 
more complicated, but in the eight available analyses the potash is never below 0·67%. 
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Kerguelen comprises a great number of small islands and is situated 70° E .. and 50° S. 
The islands are made up, apart from a bed of lignite, of basalts, trachytes and phonolites, 
and the smallest potash content in the fourteen available analyses is 0'85%. Heard 
Island, situated about 300 miles S.E. of Kerguelen, was investigated by the" Challenger" 
Expedition, the rocks being basalts, trachytes and limburgites, all of which contain 
appreciable potash (0'95 to 3'22%). It may be judged even with this cursory presentation 
that the rocks of New Amsterdam, St. Paul, Kerguelen and Heard have little resemblance 
to those from the Carlsberg Ridge. 

(b) THE DECCAN TRAPS. 

The great continent of Gondwana has appeared on many maps since Suess first 
named it, and it has furnished convenient paths for the wandering floras and faunas. 
The hypothesis that the oceanic basins may have once been extensive continents was 
conceived before the theory of isostasy. According to this theory if the continents, 
consisting of relatively light rock, sank several thousand feet, they would produce a 
negative gravity anomaly, which is contrary to the facts so far as they are known, for the 
ocean basins are practically in equilibriUlI!, or with a slight tendency to a positive anomaly. 
Nor can it, as Willis (1932) pointed out, be suggested that Gondwanaland consisted of 
relatively heavy basalt, which has now sunk to its equilibrium level, for such a mass 
would, when it rose above the waters, constitute a very heavy load on the earth's crust. 
The difficulty might possibly be overcome by postulating the association of basaltic and 
granitic types on Gondwanaland, and in connection with its possible constitution it is 
interesting to compare the rocks from Station 133 with the Indian basalts. 

The Deccan traps, extruded towards the end of the Cretaceous or possibly in Lower 
Eocene times, cover an area of more than 200,000 square miles in central and western 
India. At Bombay Oldham (1893) gives a minimum thickness of 7000 ft., and it is 
unlikely that such a thickness of lavas would cease abruptly on the coast without some 
continuation under the sea. Washington (1922a), in a valuable contribution, has made 
a detailed chemical study of the Deccan traps involving eleven new rock analyses, and 
according to that investigator the most striking feature of the series is their uniformity 
in composition. In eight analyses the silica varies from 48'6 to 50'1. whilst three have 
higher silica. The larger group is characterized by high iron oxides, \"arying from 12'6 
to 14'5%. Corresponding to this high FeO the amount of MgO is low, whilst the potash 
is appreciable in all the analyses. In Table VII, column 7, Washington's average Deccan 
trap is recorded, and compared with the average Cartsberg Ridge basalt it is much richer 
in total iron and potash, but poorer in magnesia and soda. There is therefore no close 
chemical similarity between the Deccan traps and the rocks from Station 133, and 
consequently the author cannot concur with Coates's (1934) tentative correlation of the 
rocks from Station 133 with the Deccan traps. It is significant to mention in this 
connection that the radium content of the Deccan traps is very much greater than in the 
rocks from Station 133. 

From the above considerations the author is led to beliew that if the rocks from 
Station 133 and 166 represent remnants of Gondwanaland, then the composition of this 
hypothetical continent was different from the Deccan traps. The thesis that the rocks 
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at Stations 133 and 166 are of submarine origin has already been advanced, and it has 
been suggested that the association of igneous rocks with a major tectonic structure, 
as well as their semi-spilitic nature (which is so characteristic of basalts from geosynclinal 
areas), give valuable confirmatory evidence to such an hypothesis. In addition, the 
subaqueous oxidation of the variolitic basalt appears, to the author, to support this 
contention, for it is argued that if the basaltic fragments were remnants of Gondwanaland 
the oxidation would in all probability be subaerial. Subaerial oxidation has, according 
to Pirrson, taken place in the igneous platform of Bermuda Island, where an oxidized 
zone of considerable thickness rests on unoxidized basalts. It is significant that in the 
petrographical descriptions by Pirrson and Thomas (19146) no record is made of glass 
in the unoxidized melilite-basalts, lamprophyres, monchiquites and keratophyres. Pirrson 
considers that the oxidized products were formed from similar petrological types, so in this 
locality profound subaerial oxidation took place in spite of the fact that the rocks originally 
contained little or no glass. Similarly, Merrill (1897), when discussing the weathering 
of diabases, mentions that oxidation of the iron is a characteristic feature, but he makes 
on limitation of this process being dependent on the presence of glass, whilst a similar 
conclusion may be deduced from the analyses given by Harrison (1933) in his recent 
study on the tropical weathering of igneous rocks. It is a fair conclusion from these 
examples to regard subaerial oxidation as taking place quite independently of the 
presence of glass, and it is suggested that if such a process had affected the Carlsberg 
Ridge specimens, then oxidation would be common to them all. But this is not the 
case, for of the four analysed specimens, three show no trace of oxidation, and only one 
specimen, containing original glass, has been affected. We conclude from this evidence 
that the oxidation was submarine, and consequently the specimens, in all proba.blity, 
do not represent remnants of Gondwanaland. In connection with subaqueous oxidation, 
it is interesting to emphasize that in the rocks so far examined glass is essential for oxidation 
-a feature connected with the limited oxidizing power of sea-water and the instability 
of the metastable glassy phase. 

(c) EAST AFRICA. 

Tertiary lavas are well developed in East Africa, and as Gregory (1921) suggests 
that the eruption of the Kapiti Phonolite (late Cretaceous) probably coincided with the 
foundering of the Indian Ocean, it is interesting to inquire whether there is any 
geological resemblance between this region and the Carlsberg Ridge. Furthermore, as 
the Carlsberg Ridge has a superficial resemblance to the reflected image of the African 
Rift, it might be urged, by some, that the two structures are tectonically related, and 
consequently the lavas might exhibit similar petrological characteristics. Among the 
investigators of the African lavas are Gregory (1900), Prior (1903), Neilson (1921), Smith 
(1931), Holmes (1932) and Jeremine (1935), and the work of these authors indicates that 
the rocks are of a distinctly alkaline nature. As potash-poor types are unknown it is 
concluded that the rocks of this region do not resemble the Carlsberg Ridge, and in order _ 
to emphasize this dissimilarity an average analysis of twenty-four East African basalts 
has been compiled (Table VIII, column 2). Compared with the Carlsberg Ridge 
specimens the African basalt is typically poorer in silica and soda, but richer in potash 
and total iron . 
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TABLE VIII. 

(1) (2) (3) (4) (5) 

SiOa 51·12 43·12 49'54 50'63 50'06 
TiOa 1'72 3'04 0'78 1·63 1'96 

AlsO. 14'81 13'77 16'47 15'82 15'51 

FCtOs 2·35 4'75 2'30 4'44 3·88 
FeO 6'79 7'98 7'55 5'79 6'23 
MnO 0'14 0'19 0'04 0'15 
MgO 7'5~ 8'07 11'43 5'79 6'62 
C~O 8'44 1l'13 7·91 7'36 7'99 

NasO 3'93 3'07 2'62 4·27 4·00 

KaO 0'13 2'58 0'30 2'31 2'10 

~O+ 2'36 1. 1'98 
0'95 

1'47 1'16 
~O- 0'54 0'27 
PzO,; 0·14 0'52 0'08 0'43 0'25 
CO2 Nil 
Inclusive 0'21 0·07 0'08 

100'06 100'01 100·60 100'05 100'00 

(1) Average of three unoxidized basalts from the Carlsberg Ridge. 
(2) Average of twenty-four alkali-basalts from East Africa. Localities: Mikeno, 

Visoke, Nirogongo, Kitelema, Bolingo, Katwe, Mukira, Adolphe Frederic, Goma, 
Nyamunaka, Fort Ternan, Rogate River, Nyeri Road, Settima Scarp, Nyuki Scarp, 
Ngurnman Scarp, Lodwar, Kakalai, Lokitaung, Naivasha. 

(3) Augite-olivine-basalt, Atlantic Ocean, 1° 56' S., 12° 40-7' W. 'Chemie der 
Erde.' V, 1930, p. 83. 

(4) Average compo~tion of Atlantic floor. 'Ann. Rep. Smithson. !nst.,' 1920, p. 307. 
(5) Average composition of Pacific floor. 'Ann. Rep. Smithson. !nst.,' 1920, p. 307. 

(d) OTHER OCE.ll.TJC REGIONS. 
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The lavas of volcanic oceanic islands, which are generally assumed to represent the 
material below, furnish for the most part the only direct evidence about the rocks that 
form the Atlantic and Pacific Ocean floors. Seismological evidence indicates that oceanic 
foundations are largely basaltic, for according to Angenheish~r (Gutenberg, 1932), the 
velocity of the longitudinal wave near the surface of the sub-Pacific crust is 6'5 to 7·0 
kilometres per second, which is appropriate to crystallized basalt, whilst Hiller's study 
of the transmission of one type of surface wave under the Pacific leads to a like result, 
for he finds the velocity 3'69 kilometres per second {Hiller, 1927}. Further, the work 
of Meinesz (1932) in the Pacific has made it exceedingly probable that the whole basin 
is in isostatic equilibrium, and suggesting thereby the existence of heavier rocks below, 
with considerable variations in density or chemical composition, or both. The basic 
substratum concept is supported by such authorities as Joly (1925b) and Jeffries (1929), 
whilst more recently Daly (1933) has suggested that in the open Pacific there is 80 kilo
metres of gabbro, and below that a substratum of vitreous basalt. Washington (1929) 
has emphasized that the intra-Pacific volcanoes are basaltic, but with certain peculiarities. 
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Many of the Pacific lavas are so rich in olivine that they have been given a special name
" oceanite "-and the same author has remarked on their association with alkaline lavas. 
In general basalts predominate to such an extent that the alkaline lavas constitute not 
more than 1 or 2% of the Pacific Rocks, but their presence throughout the whole basin 
is one of the striking characteristics. Washington considers that the Atlantic basin is 
petrographically more complex, and he distinguishes three regions: firstly, the Mid
Atlantic Ridge, secondly the islands (Madeira, Canary and Cape Verde Islands) which 
lie on the western continental shelf of Africa, and thirdly the Arctic Islands, Iceland, 
Jan Ma yen, the Faroes, etc. 

The Mid-Atlantic Ridge, which represents a long narrow submarine mountain range, 
extends from near Iceland in the north to about 57° S. latitude, and includes in its course 
the Azores, Ascension, Tristan da Cunha, and the very significant St. Paul's Rocks. The 
lavas of these ridge islands, apart from St. Paul's, which is a metamorphosed dunite 
(Washington, 1930a), resemble those of the intra-Pacific islands, as they are predominantly 
basaltic, with the characteristic association of trachytes. In the Atlantic, however, 
basalts rich in olivine are much less abundant, whilst the alkaline lavas are of more 
frequent occurrence. St. Helena, situated 900 kilometres east of the summit of the Mid
Atlantic Ridge. consists of a volcanic cone rising from the sea floor at a depth of 4200 
metres. Daly {1927}, in a recent investigation, states that St. Helena is largely basaltic, 

. whilst the remainder is phonolitic. In four basalt analyses given by that author the 
potash content varies between 0'84 and 1'37%, whilst the total iron is comparable to that 
occurring in normal plateau basalts. Ascension {Smith, 1930; Daly, 1922} is largely 
composed of olivine basalts, but trachytes, obsidians and rhyolites occur. Of considerable 
importance are the granitic and syenitic xenoliths, which suggest that the Ascension cone 
rests on some older foundation. Esenwein {1929} gave an account of the petrology of 
the Azores. These islands are characterized by the usual association of basalts and 
trachytes, and in several new analyses the potash content is normal, whilst the iron is 
rather high. 

It is a natural inquiry to ask whether the basalts of such islands, derived from 
eruptions of the central type, are really representative of the basic substratum. Although 
there is at present insufficient evidence to answer this question, the evidence obtained 
by the .• }Ieteor " Expedition (Correns, 1930b) about the Mid-Atlantic Ridge is significant, 
for a basaltic rock containing augite, olivine and bytownite was dredged up from a depth 
of 2000 metres at 1 ° 56' S., 12° 40' W. The analysis of this submarine basalt is reproduced 
in Table VIII, column 3, and compared with the average basalts from St. Helena, 
Ascension and the Azores it is considerably poorer in total iron, but richer in magnesia. 
Further, on the basis of this one analysis it would seem that, although the Carlsberg Ridge 
specimens have comparable total iron, they are poorer in alumina and magnesia than the 
submarine Mid-Atlantic Ridge. 

The average composition of the Atlantic floor derived by Washington {1920} from 
seventy-two analyses is given in Table VIII, column 4, and apart from the characteristic 
higher potash, this average resembles the Carlsberg Ridge rocks, whilst a similar remark 
applies to the composition of the Pacific floor (Table VIII, column 5) derived from fifty
six analyses. It is unfortunate that Washington does not record the relative number of 
basalts used in computing his averages, but the high potash and the low iron is no doubt 
partially related to the inclusion of trachytes and related rock types. We may judge 
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from these oceanic comparisons that although the basalts of the Carlsberg Ridge are 
different from many of the basalts of the Atlantic and Pacific Islands, they have, apart 
from the lower potash, a comparable composition to Washington's average rocks from 
these regions. 

(e) PLATEAU BASALTS. 

Although there is little agreement among geophysicists concerning the earth's interior, 
the concept that the continentll.l crust is floating on a universal substratum of sima, 
basaltic, or gabbroic in composition, meets with fairly genera! acceptance. It is generally 
assumed that the average compo3ition of the basaltic substratum is sim.ilar to that of the 
plateau basalts (Joly, 1925a), and that the deeper ocean floors, being for the most part 
devoid of the lighter outermost crust, represent the basaltic substratum (Wegener, 1924). 
It is therefore of some interest to inquire whether the Carlsberg Ridge specimens have 
similar chemical characteristics to the plateau basalts. In 1922 "\Vashington (1922b) 

gave a summary of the Deccan, Oregonian, Thulean, Patagonian and Palisadian plateau 
basalts, and we have in the foregoing pages compared the Deccan Traps with the 
Carlsberg Ridge, and noted that the former are much richer in total iron and potash, 
but poorer in soda. It is significant that this feature is common to all Washington's 
average plateau lavas, as will be readily seen from an inspection of Table IX, which is 
abbreviated so as to show only the essential constituents. 

F~03 
FeO 
N~O 
K20 

TABLE IX. 

(1 ) (2) (3) (4) (5) (6) (7) 

2·35 6·74 5·89 3·19 2·37 3·58 3·41 
6·79 4·42 4·70 9·92 11·60 9·38 8·58 
3·93 3·19 2·34 2·60 2·92 2·90 2·92 
0·13 0·04 0·57 0·72 1·29 1·01 0·72 

(1) Average of three unoxidized specimens from the Carlsberg Ridge. 
(2) Oxidized variolitic basalt from Carlsberg Ridge. 
(3) Oxidized variolitic basalt from Station 166. 

(8) 

4·05 
9·19 
2·22 
0·59 

(4) Average Deccan basalt. 'Bull. Geol. Soc. Amer.,' XXXIII, 1922, p. 797. 
(5) Average Oregonien basalt. Op. cit. supra. 
(6) Average Thulean basalt. Op. cit. supra. 
(7) Average Palisadian basalt. Op. cit. supra. 
(8) Average of seven analyses of Plateau ~Iagma type from Mull. 
(9) Average of world plateau Magma. 'Igneous' Rocks and Depths of the Earth,' 

New York, 1933, p. 201. 

(9) 

3·59 
9·78 
2·59 
0·69 

The available evidence would suggest therefore that the floor of the Indian Ocean 
is characteristically different from the plateau magmas of the world. It is possibly 
confirmatory of this hypothesis that the basalt dredged from 2000 metres by the 
" Meteor" Expedition contains low total iron (Table VIII, column 3), and that 
Washington's avemges for the Atlantic and Pacific floors (Table VIII, columns 4 and 
5) show a similar feature as well as high soda. It is significant that in 1926 "\Vashington 
(1926), when commenting on recent analyses from the Hawaiian Islands, states, " There 
are greater differences between them (1:. e. the lavas of Hawaii and the Leeward Islands) 

DU, 1. • 
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snd the Deccan traps or plateau basalts, shown chiefly in higher silica and iron oxides 
and lower magnesia of the latter ". 

Objections can be raised against this suggested difference between the average 
plateau magma and the floor of the Indian Ocean on the score of the few analyses, but 
taken in conjunction with the analyses from other oceans, it may be considered a fair 
indication of its nature. In any case these analyses are the only ones as yet available, 
and the indications offered by them are of interest, provided their tentative character 
is kept in mind. 

VII. SUMMARY AND CONCLUSIONS. 

In the foregoing pages petrographical descriptions and chemical analyses have been 
given of four Carlsberg Ridge rocks dredged from a depth of 3385 metres (St. 133, 1 ° 25' 54" 
S., 66° 34' 12" E.), as well as an analysis of a variolitic basalt from Station 166 (6° 55' 18" 
N., 67° lI' 18" E:). The specimens from Station 133 are, for the most part, angular, but 
some are more rounded and have a coating of manganese nodule material. Three of the 
described rocks are basalts, whilst one is a hornblende-augite-dolerite. Chemically they 
have some spilitic affinities, and are characterized by low total iron, moderately high 
soda and very low potash. The possibility of the alkali content being related to the 
action of sea-water is discussed, and it is suggested that the high soda low potash feature 
represents an inherent tendency in the parental magma. 

The Carlsberg Ridge rocks differ both petrographically and chemically from the 
basalts of Rodriguez, and it is indicated that these rocks give little support to 
Farquharson'S suggestion that this island lies on a continuation of the Carlsberg Hidge. 

It is concluded that the basalts from the floor of the Indian Ocean are not sunken 
representatives of the Deccan traps, for they are too poor in total iron and potash. 
Similarly the hypothesis that they are remnants of Gondwanaland is rejected, for the 
rocks have no close resemblance to the basalts from neighbouring regions; secondly, the 
oxidation is subaqueous and not subaerial, as might reasonably be expected if they were 
remnants of a former continent; and thirdly, their association with a major structural 
feature gives confirmatory evidence to a submarine origin. 

Apart from the low potash, the Carlsberg Ridge specimens are comparable to 
average rocks from the Atlantic and Pacific Oceans, and the available evidence would 
suggest that the basaltic substratum of the Indian Ocean differs from the Plateau magmas 
of the world by a lower total iron content. The geophysical significance of this does not 
seem to have been previously appreciated. 
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IX. APPE~l)IX: THE RADIU)I CONTENT OF SO~IE SUB-OCEAJ..~IC BASALTS 

FRO.'!I THE FLOOR OF THE INDIAN OCEAl.~. 

By J. H. J. POOLE, Sc.D. 

THROL'GH the kindness of Dr. J. D. H. Wiseman I have been enabled to measure 
the radium content of some basalt specimens dredged up from the fl. of the Indian 
O.::ea.n. Tue results are of some interest, since, as far as I know, this is the first occasion 
on which basalt specimens from such depths have been available for radium content 
mea.surements. It is hoped also to determine their thorium content at some future date, 
but all radio-active measurements show that a rock deficient in radium is also deficient 
in thorium, so that the low \"alues of radium content obtained for these basalts may be 
taken to indicate a low thorium content also, pending exact measurements. 

The procedure employed for measuring the radium content of the basalts was Prof. 
Joly's original electric furnace method, in which the rock powder is fused with a mixture 
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of alkali carbonates and a small quantity of boric acid in an electric furnace at about 
1100° C. During this process the rock is decomposed with the evolution of a large 
quantity of CO2 and any radon contained in the rock is liberated. The CO2 is absorbed 
by soda-lime and the radon transferred to a previously standardized gold leaf electro
scope. By observing the increase in the rate of leak of the electroscope, the amount of 
radium present in the rock can be estimated. Usually about 8 g. of rock is used for each 
determination. This method has been previously fully described (1). 

All the precautions mentioned iIi the former papers, such as freeing the carbonates 
and boric acid from radon by solutioI' in water and evaporation to dryness immediately 
before use in the furnace, were adopted. The type of electroscope employed, however, 
was slightly modified, the container of the gold leaf system being made of aluminium 
instead of glass, as previously. Theoretically this should be better, as in a glass envelope 
there is a possibility of error due to an irregular distribution of electric charge on the 
dry inner surface of the glass, but actually no difference in the behaviour of the electro
scope could be detected. This is. probably due to the fact that, for the excessively small 
ionization currents measured, the glass acts as a fairly good conductor either through 
conduction or <lisplacement currents. The electroscope was standardized as formerly 
by adding a known amount of uraninite dissoh~ed in borax glass to the rock powder. 
Its constant was 0,85 X 10-12 g. of radium per scale division per hr. This value is very 
similar to that of the previous electroscopes employed. As a further check on the 
standardization, a repeat experiment was made on a basalt from Colorado, whose 
radium content had previously been twice measured, and a practically identical value 
was obtained. 

The locality of origin and the radium contents of the available specimens are given 
in the following table: 

De.pth 
Radium 

Specimen. Latitude. Longitude. content 
In 10-12 g. metres. per g. 

Basalt near Tillanchong (R.I.M.S. 8° 32' N. 94° 10' E. 2270 0'43 
" Investigator ") 

Augite-basalt, St. 133, 8 1° 26' S. 66° 34' E. 3385 0·46 
Variolitic augite-basalt, St. 133, 12 " '-..... 

" " 
0·49 

Hornblende augite-basalt, St. 133, 15 
" " " 

0,49 

Basalt, St. 166, 6 6° 55' N. 67° 11' E. 4793- 0,46 

4850 
Mean value 0,466 

The chief interest in the values obtained centres in their great uniformity and their 
low value. The freshness of the Tillanchong basalt, combined with the fact that it is 
probably of recent origin. indicates that this low radio-activity did not originate through 
a possible abstraction by the sea-water. Jeffreys (2) commented on a similar uniformity 
in the results for the Hawaiian basalts. It is noteworthy also that the basalt from near 
Tillanchong in the ~icobar Islands is at a considerable distawe from the specimens from 
the neighbourhood of the Carlsberg Ridge, yet its radio-activity is practically the same. 
This fact, taken in conjunction with their low radium content, mean value about 0·47 x 
10-12

, compared with 0,77 x 10-12 for the Deccan basalts and 0,75 for all plateau basalts, 
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suggests that possibly we may be dealing with the parent basaltic strata from which the 
granites and surface basalts are derived. It is interesting to point out that these radio
active determinations support the idea put forward by Dr. Wiseman that the Carlsberg 
Ridge basalts are chemically quite distinct from the Deccan traps, and therefore cannot 
be their sunken representatives. 

I have consulted Dr. Jeffreys as to the probable comp(.;sition of the floor of the 
Western Indian Ocean, and he informs me that little is known either from seismological 
or gravitational data. It is usually considered, however, that whereas the floor of the 
Atlantic may be composed of more acid materials than basalt, the Pacific is probably 
floored with basalt, and in the absence of definite contrary evidence, we might assume 
that the Western Indian Ocean is similarly floored. 

In any case the results fully confirm the view that the deeper the probable origin 
(i. e. the place where the rock solidified) of a rock, the less its radio-activity. It might 
be noted that the values for these basalts lie between the previous values obtained for 
surface basalts and eclogites, the latter being presumably of deeper origin. 
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DESCRIPTION OF PLATE. 

FIG. I.-This specimen has a distinctly rounded appearance due to the peripheral coating of manganese 
nodule material. X 1 (St. 133, 8). 

FIG. 2.-The exterior features of the hornblende-augite-dolerite are distinctly angular, and the peripheral 
black coating is of negligible thickness. X 2 (St. 133, 15). 

FIG. 3.-This photograph of a sectioned specimen shows the junction between the interior basalt and t.he 
exterior black coating. The junction is sharp and the insoluble material occurs in a roughly 
radial direction. X 7 (St. 133, 8). 

FIG. 4.-When the exterior manganese zone of a rounded specimen is removed an angular basaltic fragment 
is left behind. X 1 (St. 133, 8). 

FIG. 5.-This section of a rounded specimen shows the exterior manganese material surrounding an angular 
fragment of basalt. The lighter material represents fragments of the insoluble material arranged 
in a radial direction. X 1 (St. 133, 8). 
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PLATES I-IV AND CHARTS I-IV. 

I. INTRODUCTION. 
HISTORICAL. 

OUR knowledge of the deposits of the Indian Ocean is due almost entirely to the work 
of Sir John llurray, the founder of this branch of oceanographical investigation, whose 
m.~thods have long influenced subsequent investigators in this field~ 
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The first charts to show the distribution of deposits in the Indian Ocean were those 
prepared by Murray (1889), and Murray and Henard (1891). These incorporated all the 
data then available from many sources. Compared with more recent charts these early 
attempts to portray the nature of the bottom are extremely speculative. 

The next chart of the deposits in the Indian Ocean is that prepared by ~Iurray and 
Philippi (1908), incorporating the results of their investigation of the materials collected 
by the Deutsche Tiefsee-Expedition and of other available material collected by survey 
and cable ships. As a result of the" Sealark" Expedition (1905), a further report was 
prepared by Murray (1909), giving lists of all expeditions and vessels that had obtained 
physical oceanographical data in the Indian Ocean. In it is summarized our knowledge 
of the depths and deposits of the Indian Ocean up to that time. 

Subsequent to this paper, two reports have appeared on the deposits of the Bay of 
Bengal and Andaman Sea (Sewell, 1925) and the Laccadive Sea (Sewell, 1935a). During 
the world cruise of the" Dana" in 1928-30 a line of echo-soundings was run from Colombo 
to the Seychelles, crossing a tidge to which Schmidt (1932) gave the name" Carlsberg 
Ridge", and which we now know to run from near Socotra in a south-easterly direction 
to near the Chagos Archipelago and then west of south as far as the Island of Rodriguez. 

Apart from these three contributions no large advances in our knowledge of the topo
graphy and deposits of the Indian Ocean have been made since the" Sealark " report; 
the distribution of the several deposits in the north-western area was known in broad 
outline only, and the topography was extremely problematical. In both respects con
siderable advances have been made by the work of the" John Murray Expedition ", and 
the topography is now known in some detail. In the present report the areas of the 
different deposits, as given by :\Iurray, are, with slight alterations, confirmed. The degree 
of agreement between the new chart and that of 1909 is a striking tribute to the skill 
and insight of the late Sir John Murray in assessing the nature and value of the small and 
often insufficient samples of deposits at his disposal. 

COLLECTING GEAR. 

, The types of apparatus used for the collection of bottom samples are given in the 
description of the scientific equipment of the Expedition (Sewell, 1935b, p. 10). The 
most important are the following: 

(i) Driver sounding tube.~ This was of the standard pattern, and is fully described in 
'Discovery Heports " I, p. 21I (Kemp et al., 1929), under the name of " Ekman-Nansen 
Sounding Rod ". 

(ii) Baillie sounding rod.-This also was of the standard pattern, and is described in 
the above report (p. 210). 

(iii) " Bigelow" sounding rod.-This was especially made for the Expedition. A 
description is given by Sewell (1935b, p. 10). Cores up to 5 feet long were obtained with 
this apparatus. 

(iv) Priestman grab.-This grab was designed to cover an area of 0·5 sq. m. and was 
of a modified "Petersen" type. The chief modification is the provision of two wire 
closing ropes on the outside of the grab instead of the usual single chain working internally. 
By this arrangement the contents of the grab are not distllrbed by the closllre of the grab, 
but are received on board in the natural state. 
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MATERIALS. 

185 deposit-samples were collected from 131 stations in the north-west area of the 
Indian Ocean by various forms of apparatus. The following summary (Table I) shows 
the material ayailable for investigation and the means whereby it was obtained: 

Apparatus. Number of 
samples. 

Bigelow tube 51 
Priestman grab 42 
Driver tube 7 
Snapper lead 4 
Baillie rod . 3 
Agassiz trawl 31 
Otter trawl 8 
Monegasque trawl 7 
Triangular dredge 21 
Rectangular dredge 6 
Conical dredge 2 
Miscellaneous 3 

185 

TABLE I. 

Complete 
samples. 

51 
28 

7 

3 
7 
1 
3 

14 

114 

Mud 
samples. 

6 

2 

1 
I 
I 
I 
I 

2 

15 

Sifted 
samples. 

7 

20 
1 
2 
5 
1 
2 
1 

39 

Debris 
samples. 

I 

2 

3 
5 
I 
I 
4: 

17 

In the above table" complete samples" are those in which a sample of mud and also 
a sample of the coarser material, sifted out from a large bulk of mud, is preserved. In the 
case of Bigelow cores, the column indicates the number of these only. "Mud samples" 
are intact (unsifted) material preserved in spirit. "Sifted samples" are samples of the 
coarse material separated from the mud. These were largely used to ascertain the relative 
proportions of the different organic constituents of the sediments. "Debris" samples 
are small amounts of mud removed from jars of specimens. These are of little value 
except for a few additional records of Foraminifera and other remains, and are only listed 
in the above table where they are the chief or only source of information for particular 
stations. 

The depth distribution of the samples is as follows: 

m. Number of stations. m. Number of stations. 

0-100 19 2000-3000 7 
100-500 42 3000-4000 9 
500-1000 19 4000-5000 8 

1000-2000 26 Over 5000 I 
Total stations, 131. 

CLASSIFICATION. 

The classification of the sediments used is as follows, .the numbers indicating the number 
of stations at which each type was found: 
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1. Grey mud and clay 
2. -Green and brown muds 
3. Coarse deposits: 

(a) Sand 
(b) Rock 
(c) Conglomerate 

4. Globigerina ooze 
5. Pteropod ooze 
6. Red clay 
7. Coral deposits: 

(a) Mud 
(b) Sand. 

8. Doubtful (Sta. 115) 

Total 

. \ 

121 
Sf 

Number of stations. 

12 

• 

50 

16 

21 
8 
3 

20 

1 

131 
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The term" terrigenous deposits" has thus been avoided. It was used by Murray 
to include: 

1. Shallow-water and littoral sands, gravels and muds. 
2. The following deep-sea deposits : 

Blue mud. 
Red mud. 
Green mud. 
Volcanic mud. 
Coral mud. 

In the present work, "coral mud" and other coral reef deposits are regarded as 
distinct from true terrigenous deposits, as they are largely of organic origin. Furthermore, 
it seems likely that red clay will prove to be of similar origin to the deposits of the Conti
nental margins, i. e. largely of terrestrial ()rigin. As "Murray considered red clay to be of 
pelagic or volcanic origin, I prefer not to use the term " terrigenous deposits" until the 
status of red clay is finally settled. The names of the various deposits grouped by :\Iurray 
under this head are retained. 

The positions of the samples examined are shown on Chart I. Where the stations 
occur very close together, as in the ~Ialdives and off Has al Hadd, several are frequently 
indicated by a single symbol. The following symbols have been used: 

• Indicates a sample obtained by Bigelow tube, Driver tube or Baillie rod. 
~ Indicates a Priestman grab sample. 
• Indicates a sample obtained with a trawl or dredge. 
X Indicat~s a debris sample where this alone represents a station. 

The abbreviations used to denote the character of the deposit in some of the tables 
are those given in the "Station List" (Sewell, 1935b, p. 15) with the addition of 
the following two : 

es. Coarse. 
gv. Gravel. 
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METHODS. 

Previous authors have concentrated on the description of marine deposits largely 
from the mineralogical and chemical standpoint. Little attention has been given to the 
biological remains present in the sediments, except by Murray and Renard (1891), or to 
the relationship between the sediments and the fauna. In'the present report an attempt 
has been made to rfmedy this omission. 

In examining the materials, the method employed was to shake a sample up with 
water and sift it through a fine linen sieve with meshes approximately 160,1 in diameter. 
In this way it was possible to separate the larger mineral particles and animal remains 
from the mud. Remains as small as single and broken chambers of Globigerina could be 
separated by this means. Yery coherent muds and days were first boiled in \vater, and 
potash added if necessary to break down the lumps. The coarse fraction remaining on 
the sieve was washed on to a filter-paper, dried and weighed. The fine mud, passing with 
the water through the sieve, was likewise filtered off, dried and weighed. Both weights 
were then expressed as a percentage of the whole. 

The relative amounts of the different remains were obtained by taking a representative 
sample of the sifted material, sorting this into the several groups and determining the 
percentage by weight of each. 

The animal components have not all been identified. The Pteropoda and the majority 
of. the Foraminifera have been determined specifically. Corals, some few Polyzoa and 
various of the more obvious )lo11usca have been referred to their genera. In most instances 
it was possible only to separate the remains into Lamellibranchiata, Gasteropoda or 
Scaphopoda owing to the fragmentary condition of the shells. Other remains have merely 
been classed in their phylum or order, except for a few rare instances where generic or 
specific names are given. 
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II. DESCRIPTION OF THE DEPOSIT-SAMPLES. 

In this section the following expressions have been used: 

(a) Coarse material or sample: 

This indicates a sample in which the fine or mud portion has been washed out and is 
not available for investigation. 

I .. 



MARINE DEPOSITS OF ARABIAN SEA 37 

(b) Incomplete sample: 

A sample, usually obtained with a net, from which an unknown amount of the mud 
has been washed out during its passage to the surface. 

(c) Debris: 

This term is used in the same sense as in Table I (p. 34). 

In the tables of this section the following expressions need clarifying : 

(a) "Frequency": 

This indicates a relationship between the number of specimens or fragments of the 
different components, and thus bears no relationship to the percentage figures given in 
columns 3 and 4, which are calculated on weights. The following symbols are used: 
R, rare; F, frequent; C, 2ommon; VC, very common; A, abundant. 

(b) "Other remains " : 

Unless otherwise stated, under this term are included (1) carbonaceous matter and 
mineral grains; (2) unidentifiable calcareous material; and occasionally (3) animal 
fragments too rare for estimation separately. These latter are sometimes estimated, 
where all together form a sufficient quantity, as " Other animals". 

The classification and nomenclature of the Foraminifera adopted throughout is that 
given by Cushman (1928, 2nd ed., 1933), and used by Thalmann (1932) to rename the 
species illustrated in Brady's report on the Foraminifera of the" Challenger" Expedition. 

Station 5: Red Sea; depth 938 metres; Driver tube sample; brownish-yellow 
calcareous mud (red-brown when wet) with abundant pelagic Foraminifera and some 
Pteropod fragments; mud 85-9%; organic remains 14-1 %. 

Pelagic remains :-
Foraminifera. 

Globigerina bu11mdes 
Gl. dubia. 
GlobigerinOtdes rubra.· 

Pteropoda. 

Globigerinoides sacculiJera. 
Globigerinella wquilateralis. 
Orbulina universa. 

Peraclis bispinosa_ . Creseis t'irgula. 
LimaciM bulimoides. Hyalocylis striata. 
L. 'njlata_ Clio pyramidata. 
L. trochiformis. Caoolinia longirostris. 
Creseis acWtda. A.tlanta sp. 

No specimens of PuUeniatina obliquilnculata or of Globorotalia spp. occur at this or 
\ 

the following station. 
Benthic remains :-

One Foraminiferan, Verneulina propinqtta, only, and a few otoliths are present. 
Station 6: Red Sea; depth 1167 metres; coarse Salpa dredge sample; soft calcareous 

rock bottom with embedded species of Pteropoda. 
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Pelagic remains :
Foraminifera. 

Globigerina bulloides. 
Pteropoda. 

Linuwina inflata. 
Creseis acicula. 
Cr. virgula. 
Hyalocylis striata. 

Diacria quadridentata. 
Cavolinia longirostris. 
Atlanta sp. 

In addition a few Gasteropoda and small translucent Lamellibranch valves are present 
in the matrix. Globigerina blello·ides and Limacina inflata occur in considerable numbers. 
Other organisms are rather rare. 

Station 7: Red Sea; depth 260 metres; coarse conical dredge sample; terrigenous 
sand with numerous Pteropod shells. 

Chief components. 

Foraminifera 
Corals 
Echinodermata . 
Crustacea 
Lamellibranchiata 
Gasteropoda 
Pteropoda. 
Scaphopoda 
Pisces 
Other remains 

Pelagic remains :
Foraminifera. 

Globigerina bulloides. 
Pulleniatina obliquiloculata. 

Pteropoda. 
Limacina inflata. 
Creseis mrgula. 
H yalocylis striata. 
Clio pyramidata. 

Benthic remains :-
Foraminifera. 

Textularia pse:udo<xr,rinata. 
T. sagiUula var. fistulosa. 
Spirolocu,lina depressa. 
Sp. qrateloupi. 

Other remains: Cirriped valves. 

Frequency. % coarse materia.l. 

C 2·3 
R 0·9 
R 2'0 
F 3·4 
R 4·2 
F ll'O 

VC 16·9 
R 0'4 
F 5'5 

VC 53'4 

100'0 

Globorotalia menardii. 

Diacria quadridenl.ata. 
Cavolinia longirostris. 
Atlanta sp. 

Pyrgo sarsi. 
Eponides ooidinqeri. 
Rotalia papillosa. 
M iniacina miniacea. 

The majority of the Foraminifera are worn and broken Rotaliidro and Miliolidro. 
Other species are rare. The abundance of Cirriped valves is remarkable, ter,ga, scuta and 
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carinre of at least two species of Scalpellum and valves and compartments of Balanus spp. 
being present. Small solitary corals are common. Among the shells are a few larval 
Trijoris (=" Lirnacina turritelloides " of Boa.s). 

Station 9: Red Sea; depth 245 metres; 
following Foraminifera occurred among debris : 

H omotrem.a rubrum. 
SJXRadotrema cylindricum. 

no deposit sample was retained. The 

SporadAJtrema m.esentericum. 
Miniacina miniacea. 

Station 10: Red Sea; depth 55 metres; no deposit sample was retained. The 
following Foraminifera occurred among debris: 

Signwidella elegantissirtJ.,a. PlanorbulineUa larvata. 
Operetdina granulosa_. Carpenteria utricularis. 
H eterostegina depressa. H omotrema rub-rum. 
H.operculinoideS. Sporadotrema cylindricum. 
Sor·ites m'Jrgin':Llis. Sp. mesentertcum. 
Amphistegina radiata. Miniacin.a miniacea. 

Station 14:' Gulf of Aden; depth 1764 metres; Driver tube sample; green-brown 
mud with fine Pteropod fragments and Foraminifera; mud 88'7%; organic remains 
1l·3%. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gt. dubia. 
GlobigerineUa mquilaleralis. 

Pteropoda. 

Orbulina universa. 
Globorotalia menardii. 

Lim,a,dna injlata. Creseis sp. 
L. trochijormis. 

One benthic Foraminiferan, Spiroloculin{l, depressa, only was present~ 
. Animal remains in this deposit are very small and rare. There is considerable organic 

matter and few mineral particles. 

Station 15: Gulf of AdEm; depth 1053 metres; Bigelow sample; green-brown 
terrigenous mud with some pelagic Foraminifera; !llud 83'2%; organic remains 16'8%. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. duma. 
Globigerinoides rubra. 

Benthic remains :
Foraminifera. 

Globigeritwides sacculifera. 
Globigerinella Cl'quilateralis. 
Globorotalia menardii. 

Quinqueloculina sp. Uvigerina pygmma. 
Robulus sp. Discorms sp. 

Other remains. are very rare, and are represented by a few fragments of Pteropoda, 
. ,~tla't\ta spp., sh~lls and Echlnod~rm spines. 
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Station between 15 and 16: Gulf of Aden; depth?; fragmentary Driver tube 
sample; green mud with Foraminifera; mud 90'4%; organic remains 9'6%. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globiger·inoides oonglobata. 
Gl. ruhra. 
Gl. sacculijera. 

Benthic remains:-
Foraminifera. . 

Dentalin'L Communis. 
Bulimina elegans. 
B. pupoides. 
B. pyrula. 
B. subornata. 
Uvigerina bifurcata. 

GlobigerineUa requilateralis. 
Orbulina universa. 
Pulleniatina obliquiloculata. 
Globorotalia can'Lriensis. 
Gl. menardtii. 

U mgmna schwageri. 
Cancris auriculus. 
Anomalina balthica. 
Planulina wuellerstorfi. 
Lat,icarinina pauperata. 

The organic components are almost entirely Foraminifera. 
shells, Pteropoda and Echinoderm spines are present. 

A very few remains of 

Station 16: Gulf of Aden; depth 186 metres; Driver tube sample; brown-green 
calcareous mud with some Foraminifera and Pteropod fragments; mud 88'4%; organic 
remains 1l·6%. 

Pelagic remains :-
Foraminifera. 

Globigerina buUoides. 
Gl. dubia. 
Globigerinoides ruhra. 

Pteropoda. 
Cavolonia sp. (fragment). 

Benthic remains :-
Foraminifera. 

Clavuli'na sp. 
Robulus sp. 
Planulina amtnO'noides. 
Bulimina aculeata. 

Orbulina universa. 
Pulleniat·ina obliquilocu/,aJ,a. 
Globorotalia menardii. 

Bulimina elmigata. 
B. ovata. 
U mgerina pygmma. 

The deposit appears to contain much organic matter and few mineral grains. Siliceous 
remains are absent and frecal pellets abundant. 

Station 17: Gulf of Aden; depth 854 metres; 
mud; mud 94'2%; organic remains 5'8%. 

Bigelow sample; fine brown sandy 

Pelagic remains :
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 

GlobigerineUa mquilateralis 
Globorotalia menardi". 
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Pteropoda. 
Limacina infima. 
Creseis acicula. 
Cr. virgula. 
Hyalocylis striata. 

Clio pyramidata. 
Diacria quadridentata. 
Cavolinia sp. 
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The deposit contains much fine quartz sand. 
siliceous organisms are absent. 

Remains of benthic organisms and 

Station 18: Gulf of Aden; depth 1375 metres; Driver tube sample; brown-green 
calcareous mud; mud 84'7%; organic remains 15'3%. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Globigetinoides rubra. 
Orbulina universa. 

Pulleniatina obliquiloculata. 
Globorotalia mcnardii. 

Much organic matter is present. Siliceous remains and benthic organisms are un
represented. Frecal pellets are very abundant (see PI. I, fig. 4). 

Station 20: Gulf of Aden; depth 1132 metres; Bigelow sample; green calcareous 
mud with numerous Foraminifera and some Pteropoda; mud 80'6%; organic remains 
19'4%. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Globigerinoides oonglobata. 
Gl. rubra. 

Pteropoda. 
Creseis virgula. 

Benthic remains :
Foraminifera. 

Pyrgo deprest<;a. 
Nodosaria oonsolnina var. 

emaciat.a. 
Lagena sp. 

Orbulina universa. 
PuUeniatina obliquiloculata. 
Globorotalia n/,enardii. 

Clio pyramidata. 

Uvigerina sp. 
Chilostomella ovoidea. 

Some fmcal pellets and a few rare Gasteropod fragments are present. There IS 

considerable organic matter present, but no siliceous organisms occur (see PI. I, fig. 3). 

Station 21 : Gulf of Aden; d~pth 1518 metres; 
mud; mud 82'8%; organic remains 17'2%. 

Bigelow sample; green calcareous 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides rubra. 

PuUeniatina obliquiloculata. 
Globorotalia menardii. 
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Benthic remains :
Foraminifera. 

JOHN MURRAY EXPEDITION 

Quinqueloculina sp. Bulimina ovata. 
Foraminifera and a few otoliths are practically the only remains present in this deposit . 

. Much organic matter is present. A very few Radiolarian fragments are the only siliceous 
representatives. 

Station 22: Central Arabian Sea; depth 3556 metres; 
Globigerina ooze; mud 87'4%; organic remains 12'6%. 

Bigelow sample; white 

Pelagic remains :
Foraminifera. 

Gldligerina bulloides. 
Gl. dubia. 
Gwbigerinoides saccul~fe1'a. 

Pulleniatina obliquiloculata. 
GlOOorotalia menardii. 

This is an almost pure Globigerina ooze, and no red clay residue is left on dissolving 
out the calcium carbonate. The Foraminifera are almost all fragmentary, and no benthic 
forms are present. Siliceous remains are plentiful and include Lithocircus and other 
Radiolaria, Poriferan spicules, and diatoms, including a few specimens of Coscinodiscus sp. 
Poriferan fragments are quite common. 

Station 24: Gulf of Aden; depth 73-200 metres; incomplete Conical dredge sample; 
yellow sand and calcareous conglomerate. The sand is 86'4% calcareous, the remainder 
being mainly quartz particles. 

Pelagic remains:
Foraminifera. 

Gwbigerina bulloides. Globorotalia menardii. 
Pteropoda. 

Limacina helicina. Creseis acicula. 
Benthic remains :-

Foraminifera. 
Textularia carinata. 
Triloculina sp. 
Robulus sp. 
Vaginulina 1 tricarinella. 

U vige1'ina pygmma. 
Rotalia sp. 
Miniacina miniacea. 

In addition the following also occur: Poriferan spicules, Alcyonarian spicules, Cellaria, 
Crustacean skeletal fragments, Echinoderm spines, Gasteropod and Lamellibranch frag
ments. The majority of these remains are rare. The conglomerate collected with the 
sand consists of clusters of dead Balani (1 B. amphitrite) overgrown with Lithothamnia 
and Serpulid tubes, pieces of calcareous rock composed of shell fragments in a white 
calcareous matrix, and pieces of shell and other rubble overgrown by Lithothamnia. 

Station 26: Gulf of Aden; depth 2312 metres; Bigelow and incomplete Agassiz 
trawl samples; very fine, light fawn-grey calcareous mud with few organic particles; 
organic remains mrca 1-2%. 
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Chief components. 

Foraminifera 
Polychrota 
Echinodermata . 
Lamellibranchiata 
Gasteropoda 

I Pisces . , 

Unidentified 

Pelagic remains :
Foraminifera. 

I 

Globigerina bullQjdes. 
Gl. dubia. 

Pteropoda. 
Diacria quadridentaUt. 
Cavolinia longirostris. 

Eenthic remains :-
Foraminifera. 

Rhabdammina abyssorum. 
Rh. dis(Jfeta. 
RA.lineans. 
Crithionina pisum. 
Or. pisum var. hispida. 
Marsipella cylindrica. 
Storthosphrera albida.· 
Pilulina jefJreysi. 
H yperammina elongata. 
H. friabilis. 
H. lwvigata. 
Saccorhiza ramosa. 

Pteropoda. I 
I 

Diacria quadridentaUt. 
Cavolinia longirostris. 

Frequency. % coarse material. 

C 10'6 
R 0'5 
R 1·2 
R 1,1 
R 0'5 
R 1·2 
C 84·9 

100'0 

Globigerinoides sacculifera. 
Globorotalia menardii. 

Atlanta sp. 

Reophax pilulifer. 
H orrrwsina carpenteri. 
H. globulifera. 
Haplnphragmoides subglobosum. 
Clawlina communis var. nudulosa. 
Pyrgo depressa. 
P. murrhi'tUt. 
Lenticulina reniformis. 
Bulimina pyrula. 
Rotalia beccarii. 
Epistomina elegans. 
Planulina wuellerstorfi. 

Atlanta sp. 
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The coarse material consists almost entirely of small aggregates of Foraminiferal and 
other fragments, apparently portions of worm-tubes. The Foraminifera are almost all 
benthic forms; apart from these, organic remains are rare. In the foregoing table most 
of the Polychrote tubes are composed of Globigerina spp. and Globorotalia spp., and so are 
counted in with the Foraminife~a. Only the non-foraminiferal tubes are classified 
separately; these are not common. A few Poriferan spicules were the only siliceous 
remains observed. 

Station 27: Gulf of Aden; depth 37 metres; Otter trawl debris; coarse shell, coral 
and quartz sand. 
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Benthic remains :-
Foraminifera. 

Textuwria agglutinans. 
. T. gram.en. 
Spiroloculina grateloupi. 
Spiroplttltalmidium acutirn.argo. 
Elphidiwn C7'ispum. 
El. macellwn. 
Ozawaia tongaensis. 
Operculina g'ranulosa. 

Alveolinella boscii . 
Boli,,_,ina simpsoni. 
Chrysalidinella dimorplta. 
Rotalia papillosa. 
Amphistegina radiata. 
Gypsina vesicularis. 
Miniacina miniacea. 

The rest of the material consists of Echinoderm spines, fragments of Polyzoa, Alcyo
narian spicules, coral, Halimeda and molluscan fragments. A considerable amount of the 
fine material seems to be of molluscan origin. Pelagic remains are very rare and are 
represented by a few Globigerina fragments only. The sand contains about 6'2% of 
quartz, the rest being calcareous material, mainly of organic origin. 

Station 28: Gulf of Aden; depth 201 metres; Priestman grab samples; green sandy 
mud with numerous Pteropod and shell fragments; mud 25'3%; organic rf'mains 74'7%. 

Chief components. Frequency. 

Foraminifera 
Polych::eta 
Echinodermata 
Crustacea 
Lame llibranchia ta 
Gasteropoda 
Pteropoda 
Scaphopoda . 
Other remains 

Pelagic remains :
Foraminifera. 

Glob~gClina bulloides. 
Gl. dubia. 

Pteropoda. 
Lirnacina bulimoides. 
L. inflata. 
Creseis acicula. 
Cr. vitgula. 
H yalocylis striata. 

Benthic remains :-
Foraminifera. 

n 
R 
A 
R 
YC 
YC 
VC 
F 
F 

Rhizammina algmformis. 
Reophax sp. 
Textularia conica. 

% coarse material. 
0,6 
0'5 

22·8 
1·2 

22'6 
23·6 
19,1 
2,7 
6·9 

100,0 

Globarotalia rn.enardii. 
Tretmnphalus bulloides. 

Clio pyratm:dala. 
Diaeria quad-ridentata. 
Cavolinia lon.rJiroslr~·s. 
Atlanta sp. 

T. pseudocarinata. 
T. rhomboidalis. 
Robulus denticuliferus. 

I 

% deposit. 

0'5 
0,4 

16·9 
0·9 

16'8 
17,5 
14·2 
2,4 
5,1 

74,7 
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Nodosaria ve'ftebralis. 
Bolivina amygdalmJO'I'mis. 
Uvige'fina pygmma. 
Rotalia sp. 

Mollusca. 

Ehrenbergina pacifica. 
Cibicides lobatulus. 
C. reJulgens. 

Ianthina sp. ? Venus torresiana. 
Solarium sp. 
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Echinoderm remains are represented by very numerous Spatangoid spines, fragments 
of Echinoids and Ophiuroid "vertebrre". Fish otoliths and vertebrro and Balanus 
fragments occur. Small fmeal pellets are common. Siliceous organisms are representerl 
by long, slender sponge spicules. 

Station 29: Gulf of Aden; depth 2072 metres; Bigelow sample; light brown highly 
calcareous, friable mud; mud. 65'5% ; organic remains 3.1.'5%. 

Pelagic remains :-
Foraminifera. 

Globigerina ~. 
Gl. dubia. 
GlOOigerinoides rubra. 
GI. sacculiJera. 

Pteropoda. 
Creseis Mictt,la. 

Benthic remains:
Foraminifera. 

Globigerinella cequilateralis. 
H astigerina pelagica. 
Orbulina unive1'sa. 
Globorotalia menardii. 

Triloculina sp. Bulimina ovata. 
Pyrgo murrhina. 

Molluscan remains include small shells of Gasteropoda and Scaphopoda. Freeal 
pellets are common. Poriferan spicules are fairly frequent and a few rare Radiolaria 
occur. 

Station 32: Gulf of Aden; depth 1178 metres; Bigelow sample; green, calcareous 
mud with Foraminifera; mud 84'1 %; organic remains 15'9%. 

Pelagic remains :-
Foraminifera. 

Globigerina ~. 
GI. dubia. 
Globigeriooides rubra. 
GI. saoouliJera. 

Pteropoda. 
Cavolinia sp. 

Benthic remains :-
Foraminifera. 

Globigerinella mquilateralis. 
Orbulina unive'fsa. 
PuUeniatina obliquilocttlata. 
Globorotalia menardii. 

Bulimina affinis. Pla,nulina ammmwides. 
Uvige'fina pygmma. 

F&real pellets, Radiolaria and sponge spicules are all rare. 
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Station 33: Gulf of Aden; depth 1295 metres; 
trawl sample; green, calcareous, coprolitic mud. 

Bigelow and incomplete Agassiz 

Pelagic remains ;-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides rubra. 
Gl. sacculifera. 

Orbulina universa. 
Pulleniatina obliquilocJdata. 
Globorotalia menardii. 

The only benthic Foraminiferan identified was Chilostornella o'l:oidea. The deposit 
consists largely of frecal pellets. Pelagic Foraminifera, fish scales and shell fragments are 
fairly common. Broken valves of Amussium sp. and shells of Pleurotoma were identified. 

Station 34: Gulf of Aden; depth 1032 metres; Bigelow and Agassiz trawl samples; 
brown calcareous mud with frecal pellets and Foraminifera; mud 79'9%; organic remains 
20'1%. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides rubra. 
Globigerinella mquilateralis. 
H astigerina pelagica. 

Pteropoda. 
Limacina inflata. 
Creseis virgula. 

Benthic remains ;-
Foraminifera. 

Orbulina universa. 
Pulleniatina obZiquiloculata. 
Sphaeroidinella dehiscens. 
Globorotalia canar'iensis. 
GZ. menardii. 

H yalocylis striata. 

Spiroplectammina milleui. Uvigerina bifurcata. 
Gaudryina pseudoJiliformis. U. schwageri. 
Clat'Ulin.a communis. Angulogerina carinata var. bradyana. 
Sigmoilina schl'umbergeri. Rotalia beccarii. 
Robulus calcar. Cancris auriculus. 
Lenticulina rotulata. Ehrenbergina pacifica. 
Nodosa.,ia sc.alaris. Chilostornella ovoidea. 
Bulimina aculeata. Planulina ariminensis. 
B. pupoides. Pl. wuellerstorfi. 

A few broken Gasteropod and Dentaliid shells are the only large fragments present. 
The other remains are of the size of Globorotalia menardii or smaller. Small Globigerina 
are very common, followed by Globorotalia and frecal pellets in that order. Uvigerina is 
common, but the other benthic Foraminifera are rare numerically, usually being represented 
by one or two specimens only. 

Station 35: Gulf of Aden; depth 441 metres; Bigelow sample; brown-green 
calcareous, friable mud; mud 68'6%; organic remains 31·4%. 
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Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinuides CO'YI!}lOOata. 
Gi. 'Yubra. 

Pteropoda. 

Hastigerina pelagicA. 
Orbulina universe!. 
Pulleniatina obl-iquiloculata. 
Globorotalia menardii. 

Limacina injW,ta., Diacria quadrideniata. 
Creseis acicula. C'avolinia tr,identala. 
Cr. virgula. Atlanta sp. 
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The benthic remains include only two species of Foraminifera, Saracenmia italica 
and Bulimina sp. LamcUibranch valves, Cadulus sp. and freca! pellets also occur. The 
latter are common. Siliceous remains are absent. 

" 
Station 38: Gulf of Aden; depth 2458 metres; Bigelow sample; light fawn-grey 

calcareous mud with few macroscopic remains; mud 95'1 %; organic remains 4·9~~. 
Pelagic remains :

Foraminifera. 
Globigerina bulWides. 
Gl. dubia. 
Globigerinoides rubra. 

Benthic remains :
Foraminifera. 

Pnllen:iati na ob11·qniloc'Ilwta. 
Globorotalia 1JIenardi1~. 

Clavulina ? communis. Bulimina aculeata. 
Pyrgo murrhina. Plamdi-na wuellerstorfi. 

No other calcareous remains are present. Siliceous remains include Poriferan spicule 
fragments, diatoms (Coscirwdiscus) and a very few Hadiolaria. 

Station 39: Gulf of Aden; depth 2156 metres; 
careous mud; mud 96'3%; organic remains 3'7%. 

Bigelow sample; fawn-grey cal-

, Pelagic remains :-
Foraminifera. 

Globigerina dJbia. 
Globigerinella (Cq1~ilateralis. 
Orbulina universa. 

Benthic remains :
Foraminifera. 

Pulleniatina obliquiloculata. 
Globorotalia menardii. 

Py-rgo murrhina. Gyroidina soldani. 
N onion umlrilicatulum. Planulina w'ltellerstOffi· 

Poriferan spicules and nadiolar~a are rare, but CoscinO(lt'sC1ls is fairly frequent. 

Station 42: South Arabian Coast; depth 1415 metie&; debris and large fragment.s ; 
no complete sample of the deposit is available. The debris conta.ined the following 
Foraminifera: 

Globigerina sp. Rhizammilla a(q<1'formis. 
Globorotalia menardii. 

JIJ, 2. 6 
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Station 43: South Arabian Coast; depth 95 metres; no sample except debris 
containing: 

Foraminifera. 
Carpenteria monticularis. 
C. proteijO'fmis. 
C. utricularis. 

SpO'fadotrerna cylindricum. 
Sp. mesentericum. 
.M iniacioo miniacea. 

Station 45: South Arabian Coast; depth 48 metres; coarse dredge and debris 
samples; calcareous conglomerate and Lithothamnion. 

Benthic remains :-
Foraminifera. 

Textula,.ia sp. Heterostegina depressa. 
Qllt'nqlteWcuh~na aggluttnam. SO'f",'tes margin.ah·s. 
Q. 1:ntr·icata. Discorbis globularis var. bradyi. 
Spi·foloculi'n.a grateloupi. Gyroidina soldani. 
TrilOC'ulin.a t'ricarioota. Eponides prwcinctus. 
T. trig(mula. PlanopuZvinulioo dispansa. 
Pyrgo anomala. Rotalia papillosa. 
Carte-rina spiculotesta. Amphistegitw radiata. 
Nodosaria subscalaris. Cibicides rejulgens. 
Gtdtulilw yabei. PlanoroulineZla laTvata. 
Sigmoidella elegantissim.a. Gypsi'lW globulus. 
Elpkidiwn craticulatum. SJXiradotre-ma cylindricum. 
EI. crispwn. Sp. mesenteric1tm. 
Operculirw granulosa. Miniacilw miniacea. 

The material consists of large lumps of Lithothamnion-covered calcareous conglomerate. 
The usual encrusting organisms, such as Polyzoa, Polychrota and Foraminifera, are present. 
The coral Pavon-a occurs here. The following Polyzoa were identified: Crisia sp., Hornera 
sp., and Cellepom sp. Poriferan spicules were abundant, but Echinoderm and Alcyonarian 
spicules rare. 

Station 50: South Arabian Coast; depth 1536-1939 metres; dredge sample; 
brown-green Foraminiferal mud; mud 67'6%; organic remains 32'4%. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. Orbulioo universa. 
GZ. duhia. Pulleniatina obliquilocul.ata. 
Globigerinoides rubra. Sphw'roidinella dehiscens. 
Gl, sacculifera. GlobO'fotalia tnenardii. 

Benthic remains :- GZ. caooriensis. 
Foraminifera. 

Rhabdammina abysso-rum. 
()rilhioni;w pi.'lum var. hispida. 
Cyclammina sp. 
8igmoilina schlumbe-rgeri. 
Poly;nO'fphina sp. 
iV (mim~ wnbilicatulum. 

Bulimi'na aculeata. 
UvigNitw brunnensis. 
U. proboscidea. 
CMZ()stonu'ila o-voidea. 
Planltlina wuellerstorfi. 
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The deposit contains almost exclusiyely Foraminiferal tests, mainly of pelagic species. 
A few small fragments of Echinoderm spines ar~ the only other remains recognizahle. 
The mud appears to contain a considerable amount of organic matter. 

Station 53: South Arabian Coast; depth 13,5 metres; coarse dredge sample only; 
coarse calcareous sand. 

Chief components. 

Foraminifera 
Crustacea 
Calcareous gravel 
Other mineral gravel 

Benthic remains :-
Foraminifera. 

Quinqueloculina rupertiana. 
Triloculina tr'igonula. 
Elphidium craticulatum. 
El. crispum. 

Frequency. 

H 
F 
A 
A 

% coarse material. 

1·3 
2'1 

64·2 
32'4 

100,0 

Operculina granulosa. 
II eterostegina depressa. 
Amphistegina radiata. 

Gwbigerina bll110ides was the only pelagic species identified. The sand is mainly of 
organic origin, but much of the calcareous material is unidentifiable. Lumps of calcareous 
conglomerate and small stones encfllilted with Lifhothamnion and Serpulid tubes are 
common. Fragments of Balanus amphitrite and yarious Poriferan spicules, including 
some of Hya1nnema type, are present. 

Station 54: South Arabian Coast; depth 1046 metres; Agassiz trawl sample: 
stiff, green, clayey mud with few animal remains: mud 82·1 o,~; organic remains 17·9~~. 

Pelagic remains :
Foraminifera. 

Glolnger£na bulWides. Gwbigerina d'llbia. 
Benthic remains :-

Foraminifera. 
Textularia conica. 
Cla'l.,·"Zina pacifica. 
Rolntlus limbosu,s. 
Dentalina corl"l~obritUl,. 
N odosa'r-ia pyrula. 
Fronilicu,lar'ia advena. 
Lagena rnarginata. 
Bulimina Ql)(l/,a. 

B. pyrula. 

Bulin1'1:na pyrula var. spinescens. 
V irgulina subsquamosa. 
Bolit'ilUl beyri{'hi Yar. alata. 
Uvigerina bmllllRnSl-s. 
U. proboscid.ea. 
U. pygm(£a. 
SipJwgenerina 'I.irgula. 
Sphcrmidill(l bu11oides. 

The murl is not homogeneous, but contains hard, brittle masses bored by )Iollusca. 
These pieces are not very clayey, but are calcar('ous, 3nd appear to b(' consolidate(l ahout 
the borings. Frecal pellets occur to a small {'xtcnt in the unconsolidated mUll. Xo 

, siliceous remains were found. 
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Station 55: South Arabian Coast; depth 794 metres; Salpa dredge and Bigelow 
samples; dark brown-green diatomaceous mud. 

This is a slightly calcareous sandy mud with much organic matter and very numerous 
diatom frustules, of the species Coscinodiscus oculis-ir·idis var. borealis (Bail.), Cl. A small 
amount of coarse material was obtained, and this consists of worn Foraminifera, mainly 
benthic forms, and pieces of calcareous rock formed of shell and Foraminiferan material, 
cemented together. Some fish-scales are present (see Pl. I, figs. 5, 6). 

Station 56: South Arabian Coast; depth 421 metres; coarse and entire dredge 
samples: fine green mud; mud 94'8%; organic remains 5'2%. 

Chief components. Frequency. 

Polychreta 
Polyzoa 
Echinodermata . 
Crustacea 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Pisces 
Other remains 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
GlolFigerinoides sacculifera . 
Globiger·inella requilateralis. 

Pteropoda. 
Creseis acicula. 
Cr. virgula. 
Hyalocylis striata. 
Clio pyramidata. 

Benthic remains :-
Foraminifera. 

Opcclculina granulosa. 
Bulimina pyrula. 
B. subor nata. 
V i·rgulina squlJ,mosa. 

C 
R 
R 
F 
C 
F 
C 
VC 
A 

% coarse material. 
8,6 

1·6 
1,8 

2'6 
9·4 
7·3 
7,8 

10,7 

50·2 

100·0 

Orbulina universa. 
Pulleniatina obliquiloculata. 
Globorotalia menardii. 

Diacria quadridentata. 
Cavolinia longirostris. 
Atlanta sp. 

Bolivina pygmrea. 
Uvigerina tenuistriata. 
Amphistegina radiata. 

% deposit. 

0·4 
0,1 

0·1 
0·1 
0·5 
0·4 
0,4 
0,5 

2'7 

5·2 

Sulphurett~d hydrogen was present in this mud. Fish bones and scales are very 
abundant. Otoliths and sharks' teeth are present, but in fewer numbers. The same 
species of Coscinodiscus, C. o(yulis iridis var. ooreali~, is present at this station, but is less 
abundant than at the preceding. 

Station 57: South Arabian Coast; depth 703 metres; coarse dredge sample; soft 
green mud; mud 93'2%; organic remains 6'8%. 

, J 
.)~ 
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Pelagic remains :-
Foraminifera. 

Globigerina bullnides. 
Gl. dubia. 
Orbulina universa. 

Pteropoda. 
Oreseis acicula. 
Or. virgula. 
Diacria quadridentata. 

Benthic remains :-
Foraminifera. 

N onionella sp. 
Bulimina ovata. 
B. pyrula. 
Bolivina beyricki. 
B. pygmma. 
Uvigerina pygmma. 

Globorotalia canariensis. 
Gl. menardii. 

Oavolinia longirostris. 
Atlanta sp. 

Uvigerina tenuistriata. 
? Sip/wgenerina dimorpha. 
Valwlineria allomorphinoides. 
Oancris auriculus. 
Ehrenbergina JXWifica. 
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Some sulphuretted hydrogen was present in the mud, but less than at Sta. 56. There 
are no diatoms here, and animal remains are rare. The chief components are fish-Lones, 
scales and otoliths. Rare Crustacean and Echinoderm remains occur. There is some 
limestone on the bottom. 

Station 58: South Arabian Coast; depth 1189-1354 metres; dredge sample; 
ealeareoll8 rock and limestone. 

The deposit here is recorded in the" Station List" as green mud, but no sample is 
preserved beyond the rock fragments. The calcareous rock is very soft and contains 
numerous shell-fragments and benthic Foraminifera. A few pieces show Globigerina spp., 
Orbulina universa and Globorotalia menardii. Rotaliidro, Otoliths and Echinoderm remains 
are readily recognizable in this soft calcareous conglomerate. 

Station 59: South Arabian Coast; depth 1948 metres; 
brown calcareous mud; mud 86'0%; organic remains 14'0%. 

Bigelow sample; light 

Pelagic remains :-
Foraminifera. 

Globigerina bullnides. 
GZ. dubia. 
Globiger·inoides rubra. 

Benthic remains :-
Foraminifera. 

Orbulina universa. 
Pulleniatina obliquilocul.aia. 
Globorotalia menardii. 

Olavulina communis. Laticarinina pauperata. 
Bulimina ovata. 

Foraminifera are the only organic calcareous remains present in this dl'posit. A few 
monaxon and triaxon sponge spicules were the only ~iliceOU8 remains found. Organic 
matter is abundant. 

Station 60: Northern Arabian Sea; depth 3054 metres; small Bigelow sample; 
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grey-brown, highly calcareous mud with a considerable number of intact Foraminifera; 
mud 82·3° ~; organic remains 17 ·7%. 

Pelagic remains (sec PI. II, fig. 5) ;--
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globiger ino·ides conglobata. 
Gl. rubra. 

Globigerinoides sacculifera. 
Orbulina ttniversa. 
Pulleniatina obliquiloculata. 
Globorotalia menardii. 

This deposit resembles a Globigerina ooze to some extent, but contains a considerable 
amount of material insoluble in hydrochloric acid and apparently of a clay nature. Unlike 
similar oozes bordering on Hed clay, this material is not red-brown, like red clay, but is a 
dirty brownish-grey colour. The non-calcareous part of this deposit is thus probably 
intennediate in composition between red and grey day. 

Station 62; Xorthern Arabian Sea; depth 1893 metres; small Bigelow sample; 
grey calcareous, clayey deposit, impure Globigerina ooze; mud 87·5% ; organic remains 
12·.3%. 

Pelagic remains ;-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides conglobata. 
Gl. rubra. 

Benthic remains ;
Foraminifera. 

Globigerinoides sacculifera. 
Pulleniatina obliquiloculata. 
GlobO'rotalia menardii. 

Pyrgo serrata. Bulimina aculeata. 
This deposit is very similar to that from the preceding station, but there are fewer 

Foraminifera. 

Station 63; Xorthern Arabian Sea; depth 1703 metres; small Bigelow sample; 
grey-green, calcareous, clayey deposit with very few Foraminifera; mud 94·4%; organic 
remains .3.6°'0. 

Pelagic remains :
Foraminifera. 

Globigerina bulWides. Globorotalia menardii. 
(J{ohigerinoides rubra. 

This deposit is a pure grey clay. The only henthic Foraminiferan founel was a species 
of Bulimiwt. There are no siliceous remains. The insoluble material is green-grey. 

Station 64; Gulf of Oman; depth 448 metres; small Bigelow sample; grey clay; 
111 ,td V4·90 ~: organic remains o' I %. 

Thl~re are exceedingly few animal remains in this deposit. The following three species 
of Foraminifera Were identified ;-

()lobigerina bu,lWides. Uvigerin,a pygmma. 
Bulimina ovata. 

One fish vertebra was found. There are no siliceous orgamsms. The insoluble 
residue is grey-green as at the last station. 
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Station 65: Gulf of Oman; depth 907 metres; small Bigelow sample; green, slightly 
calcareous mud; mud 96'6%; organic remains 3'5%. 

Pelagic remains :-
Foraminifera. 

GwbigeJ1'ina bulwides. Gwborotalia canariensis. 
Gt. dubia. Gl. menardii. 
Pulleniatina obliquiwculata. 

Benthic remains :-
Foraminifera. 

Textularia agglutinans. Virgulin,a subsquanwsa. 
VeJ1'neulina scabra. Uvigeriria pygm,wa. 
Pyrgo murrhina. U. schwageJ1'i. 
N onion umbilicatulum. Cancris au-riculus. 
Bulimina ovata. Planulina arimensis. 
B. pyrula. Pl. wuellerstorfi· 
B. subornata. Laticarinina pauperata. 

The only other remains present are a few vertebrm, scales and otoliths of fish. 

Station 66: Gulf of Oman; depth 609 metres; 
calcareous mud; mud 94'6%; organic remains 5'4%. 

small Bigelow sample; green, 

Pelagic remains :-
Foraminifera. 

GwbigeJ1'ina bulloides. 
Gl. dubia. 

Benthic remains:-
Foraminifera. 

Textularia sagittula. 
Sigrrwilina schiumheJ1'geJ1'i. 
Robulus calcar. 

GWbigerinoides rubra. 
Globorotalia menardii. 

Uvigerina tenuistriata. 
Val'l.nJ,lineJ1'ia alwmorphilwides. 
Cancris auricuZ.us. 
Ehrenhergin,a pacifica. 
Cibicides wbatulus. 

Bulimina ovata. 
Bolivina beyrichi. 
Uvigerina pygtnwa. 

Foraminifera are not very common in this deposit. 
are no siliceous organisms. 

Other remains are absent. There 

Station 67: Gulf of Oman; depth 274 metres; coarse and intact dredge samples; 
green mud with Pteropod shells, limestone pebbles and igneous rock; mud 96'0%; 

organic remains 4'0%. 

Chief components. 
Pteropoda 
Other remains 

Pelagic remains :
Foraminifera. 

GWbigerina buI.Wides. 
Gl. dubia. 

" . 

Frequency. 
A 
R 

% coarse material. 
78·0 
22·0 

':6 deposit. 
3·1 
0·9 

100.0 4·0 

Orbulina tmiversa,. 
Ptdleniatina obliquiWculata. 
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Pteropoda. 
Lirnacina injlata. 
Crese-is acicula. 
Cr. virgula. 
H yalocylis striata. 

Benthic remains :-
Foraminifera. 

Textularia sp. 
Clavulina angularis. 
Cl. pacifica. 
Spiroloculin,a sp. 
Triloculin,a sp. 
Nodosaria pauciloculata. 

:\Iollusca. 

Diacria quadridentata. 
Cavolinia longirostris. 
Atlanta sp. 

N odosar·ia pyrula. 
Saracenaria italica. 
Bulimina pyrula. 
Uvigerina pygmrea. 
Rotalia margaritijera. 
Cancris auriculus. 

Argon'luta sp. Rostellaria sp. 
In addition to the above, other Mollusc, Echinoderm, coral and Crustacean remains 

occur sparingly. A few fish otoliths and bones are present. The mud contains large 
numbers of small fmeal pellets. 

Station 70; Gulf of Oman; depth 196 metres; small Bigelow sample; grey-green 
mud; mud 86'8%; organic remains 13'2%. 

Pelagic remains :
Foraminifera. 

Globigerina bulloides. Globigerirwides rubra. 
Pteropoda. 

Creseis sp. 
Benthic remains ;-

Foraminifera. 
Clamtlina angularis. 
Lagena sp. 
Bolit'·ina dilatala. 

x 0 siliceous organisms were observed. 

Rotalia calcar. 
Cancris auriculus. 
Ehrenhergina pacifica· 

Station 72; Gulf of Oman; depth 73 metres; coarse Agassiz trawl sample and mud 
from Lamellibranch shells; calcareous conglomerate, shells and shell gravel; mud from 
bivalves gave; mud 84'6%; organic remains 15'4%. 

Chief components. ~ Frequency. % coarse material. % deposit. 

Foraminifera F 1'6 0'3 
Polvchrota F 2'5 0'4 
Crustacea. VC 10'1 1'5 
(Bakinus) . (F) (3'5) (0'6) 
Lamellibranchiata A 58'5 9'0 
Gasteropoda C 13'0 2'0 
Pteropoda. F 2'6 0'4 
Other remains F 11'7 1'8 

100'0 15'4 
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Benthic remains:-
Foraminifera. 

Reophax sp. 
Textularia agglutinans. 
T. gramen. 
T. porrecta. 
Quinqueloculina sp: 
Spiroloculina grateUmpi var. 

acescaf.a,. 
(Triloculina tricarinata. 

Lentieulina rotulata. 
N (mion grateWupi. 

N onion scaphum. 
? N onionella auris. 
Elphidium ? artWulatum. 
El. craticulatum. 
Eponides prcecinctus. 
Rotalia calcar. 
R. margaritiJera. 
R. papillosa. 
Miniacina miniacea. 
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It is possible that the mud contained in the bivalves is not representative of the deposit, 
as the shells may have been filled by the finer components of the sediment being drifted 
into them. The Gasteropoda: are almost entirely of one species of Turritella. A few small 
solitary' corals occur on some of these shells. Abundant fragments of shells and worm
tubes are visible in the calcareous conglomerate. Fragments of encrusting Polyzoa and 
Balanus spp. occur in the sand and gravel, evidently derived from these organisms growing 
on the conglomerate rock. 

Station 73: Gulf of Oman; depth 91 metres; coarse and intact Priestman grab 
samples; very sandy, green mud with Molluscan remains; mud 35'5%; organic remains 
64'5% (These values are only approximate, as much of the finer material consists of 
finely triturated shell fragments.) 

Chief components. 

Foraminifera 
Polychreta 
Echinodermata . 
Crustacea 
(Balanus) 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Scaphopoda 
Other remains 

Pelagic remains :-
Foraminifera. 

Globigerina buUoides. 
Gl. duma. 

Frequency. 

F 
F 
F 
VC 
(C) 
A 
C 
F 
R 
C 

GWbigerinoides sacctdifera. 
Pteropoda. 

Limacina iriflata. 
Cf'eseis acicu~. 
Cf'. vif'gula. 

% coarse material. 

1'9 
3'9 
2'1 

10'1 
(6'6) 
46'5 
12'1 
2-4 

0'1 
20'9 

100'0 

GlobigerineUa mquilateralis. 
Orbulina unitv:rsa. 
Gl.obmot{llia menardii. 

H yalocylis striata. 
Cavolinia longirostris. 
Atl4'1~ sp. 

% deposit. 

1·2 
2'5 
1·4 
6'5 

(4'3) 
30·0 
7-8 
1'5 
0'1 

13'5 

64-5 
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Benthic remains :-
Foraminifera. 

Reopkax sp. 
Textularia agglutinans. 
T. conica. 
T. semialata. 
Quinqueloculina sp. 
Massilina arenaria. 
Spiroloculina depressa. 

Triloculina tricarinata. 
Robulus gibbus. 
Bolivina beyrichi var. alata. 
Eponides prmcinctus. 
Rotalia margaritifera. 
R. papillosa. 

Rare fragments of Polyzoa and solitary corals, Alcyonarian spicules and Ostracod 
valves occur. 

Station 74: Gulf of Oman; depth 155 metres; coarse Priestman grab sample; 
probably sandy green mud as at the previous two stations. 

Chief components. 
Foraminifera 
Corals. 
Polychreta . 
Polyzoa 
Echinodermata 
Crustacea 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Scaphopoda . 
Pisces 
Other remains 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Globigerilwides sacculifera. 
Globigerinella mquilateralis. 

Pteropoda. 
Limacina inJlata. 
Creseis acicula. 
Cr. virgula. 
Diaaria quadridentata. 

Benthic remains:-
Foraminifera. 

Quinqueloculina sp. 
Spiroloculina depressa. 
Triloculina tricarinata. 
Pyrgo depressa. 
Robulu8 sp. 
N oMsaria vertebralis. 

Frequency. % coarse material. 

F 4'4 
R 2'7 
VC 10'6 
F 3·0 
F 5'5 
VC 9'6 
C 15'5 
VC 25'3 
C 8·0 
F 3'3 
F 5'5 
F 6'6 

100'0 

Orbulina universa. 
Pulleniatina obliquiloculata. 

Cavolinia longirostris. 
C. uncinata. 
Atlanta sp. 

V irgulina sp. 
Bolivina sp. 
Eponides prmcinctus. 
Rotalia margaritifera. 
R. papillosa. 
Miniacina miniacea. 
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Polychret tubes and Gasteropoda are much commoner here than at the two previous 
stations, but bivalve remains are fewer. Ostracod valves, fish vertebrre and Alcyonarian 
spicules are present (see PI. I, fig. 2). 

Station 75: Gulf of Oman; depth 201 metres; Priestman grab samples; impure 
Pteropod ooze; mud 61-0%; organic remains 39·0%. 

Chief components. Frequency. % coarse material. % deposit. 
Polychreta C 5·2 2-0 
Polyzoa F 

, 
3-8 1-5 

Echinodermata. C 7·5 3-0 
Crustacea C 7·0 2·7 
Lamellibranchiata R 4-4 1-7 
Gasteropoda VC 24·9 9-7 
Pteropoda A 28·7 11-2 
(Creseis) (A) (15·8) (6·2) 
Scaphopoda C 6·6 2-6 
Pisces F 4-4 1·7 
Other remains C 7·5 2-9 

Pelagic remains :- 100-0 39-0 
Foraminifera. 

Globigerina bulloides. Globorotalia menardii. 
Pteropoda. 

Creseis acicula. Diacria quadridentata. 
Hyalocylis st'riata. Cavolinia longirostris. 

This Pteropod ooze consists largely of the straight-shelled species, Creseis acwula 
(see PI. III, fig. 2). Both pelagic and neritic Foraminifera are scarce. Pieces of 
Brachyuran carapaces and Stomatopod chelre are recognizable among the crustacean 
remains. A few fish vertebrre and a shark's tooth were found. 

Station 76: Gulf of Oman; depth 3289 metres; small Bigelow sample; grey 
calcareous mud; mud 95·2%; organic remains 4·8%. 

, This deposit contains very few organic remains. ~ 0 siliceous organisms 01 Fora
minifera were found nor shell fragments. One Ostracod valve was the only animal 
fragment recovered. A few cinder particles, quartz grains and other mineral grains occur. 

Station 77: South Arabian Coast; depth 411 metres; coarse Priestman grab sample 
only; green Pteropod mud, smelling strongly of hy-drogen sulphide; only washed material 
from this station was preserved. 

Chief components. 
Polychreta _ 
Crustacea 
Lamellibranchiata I 

Gasteropoda 
Pteropoda 
Pisces 
Other remains 

Frequency. 
F 
F 

i} 
A 
A 
A 

% coarse material. 
2·3 
3-4 

17-1 

22-5 
28·3 
26·4 

100-0 
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Pelagic remains :
Foraminifera. 
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Orbulina universa. Globorotalia menardii. 
Pulleniatina obliquiloculma. 

Pteropoda. 
Peraclis retWulata. Clio pyramidata. 
Creseis acicula. Diacria quadridentata. 
Cr. virgula. Cavolinia longirostris. 
Hyalocylis striata. Atlanta sp. 

The commonest animal remains are bones and scales of fish. Otoliths, however, are 
not common. ~Iollusca, other than Pteropoda, are rare. The" other remains" consist 
largely of unseparated mud particles and carbonaceous granules, which are rather common. 
The only benthic Foraminifera identified were Robtdus gibbus and Eponides prmcinctus. 

Station 79: South Arabian Coast; depth 102 metres; small Bigelow sample; friable 
green mud, smelling of hydrogen sulphide; mud 94'0%; organic remains 6'0%. 

Pelagic remains :
Foraminifera. 

Globigerina bulloides. Globigerinoides rubra. 
Globigerinoides oonglobata. Globorotalia menardii. 

Organic remains are rare in this sediment. Benthic Foraminifera are represented 
by Robulus sp., which is fairly common, and by rare specimens of lh.iigerina pygmaa. 
lIolluscan remains are rare. A few fish bones are present. Siliceous orgarnsms are 
represented by fragmentary sponge spicules and a few Coscinodiscus sp. 

Station 80: South Arabian Coast; depth 16-22 metres; debris material only; 
coarse sand and shell. 

Only a small amount of sand and a few large fragments are preserved. Shells of 
Terebra, Conus and Dentalium occur. The sand is in part siliceous and part calcareous. 
The usual shallow-water organisms are present. Elphidium sp., Planulina sp., Rotalia 
sp. and Quinqueloculina sp. were the only Foraminifera identified. A few solitary corals 
are present . 

. Station 81 : Northern Arabian Sea; depth 3351 metres; Bigelow and coarse net 
sample; grey calcareous mud; mud 95·0%; organic remains 5'0%. 

Pelagic remains are represented by three species of Foraminifera, Globigerina bulloides, 
G. dubia, and Globigerinoides conglobata, and two of Pteropoda, Diacria quadriderUata and 
Gavolinia longirostris. ~Iolluscan remains are the commonest organic remains in the 
deposit. Echinoderm fragments and fish remains also occur. A few Coscinodiscus sp. 
are the only siliceous remains identified. Animal remains are rather rare in this deposit, 
but small carbonaceous particles, presumably cinders, are rather common. 

Station 85: Northern Arabian Sea; depth 1687 metres; small Bigelow sample; 
grey calcareous mud; mud 91'6%; organic remains 8'4% . 
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Pelagic remains :-
Foraminifera: 

Globigerina bulloides. 
GZ. dubia. 
Globigerinoides rtdwa. 
Gl. sacculiJera. 

Pteropoda. 

Orbulina univef'sa. 
Pulleniatina obliquiloculata. 
Globorotalia menardii. 

Limacina inflata. Atlanta sp. 
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Very few benthic remains are present in this deposit (see PI. I, fig. 1); Pyrgo depressa 
and Cibicides lobatulus are the only Foraminifera identified. ~o ~folluscan or Echinoderm 
remains were found, and the only other materials of organic origin are a few otoliths and 
very rare fragments of Poriferan spicules. 

Station 87: Northern Arabian Sea; depth 582 metres; small Bigelow sample; 
grey, gritty, calcareous mud with numerous Foraminifera; mud 55·2%; organic remains 
44'8%. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloidell. 
GI. dubia. 
Globigerinoides ronglobata. 
GZ. ruhra. 
Gl. 8(l(}(}U},tftla. 
Globigerinella cequilateralis. 

Pteropoda. 
Creseis sp. 

GWbigerinella dig·itata. 
Orbulina unive-rsa. 
Pulleniati na obliquiloculata. 
Sphmroidinella dehiscens. 
Globo-rotalia rnenardii. 

Benthic remains are represented by Lamellibranch fragments and the following four 
Foraminifera :-

Dentalina filiformis. Cancris auriculus. 
Bolivina dilatata. Ehrenhergina serrata. 

, No siliceous remains were found in this material. A considerable amount of organic 
matter appears to be present. The deposit is a rather impure Globigerina ooze. 

Station 88: Northern Arabian Sea; depth 274 metres; Priestman grab samples; 
light grey, calcareous clay, smelling faintly of H2S when fresh, with a thin superficial 
layer of dark brown mud; mud 87'3%; total organic remains 12'7%; coarse orgamc 
remains 1'9%. 

Chief components. Frequency. % coarse material. % deposit. 
Lamellibranchiata VO 25·4 0'5 
Gasteropoda F 10'1 0·2 
Pteropoda A 33·3 0·6 
Pisces C 6'3 0'1 
Other groups F 7'8 0·2 
Calcareous residue F 17·1 0·3 

100'0 1·9 
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Pelagic remains :
Foraminifera. 

Globigerina bulloid~. 
Pteropoda. 

Creseis acicula. 
Cr. t~'rgula. 
H yalocyl'is striata. 
Diaeria quad-ridentata. 

Benthic remains :-
Foraminifera. 

(ilobigerinoides r1tbra. 

Cavolinia longirostris. 
C. uncinata. 
Atlanta sp. 

Robulus aC'utanricularis. Bulimina pyrula. 
Bulimina elongata. Uvigerina bifU'rcata. 
B.ovata. U. pygmrea. 

A considerable part of the animal remains consists of very fine, white calcareous 
particles, presumably of 3Iolluscan origin, but too small for identification. In calculating 
the percentage of the d('posit contributed by the different phyla this fine material has 
been ignored. The final column (o,~ deposit) in the above table has been calculated on 
the coarse animal remains only. 

Station 89: Northern Arabian Sea; depth 193 metres; coarse Priestman grab 
sample; no intact material; sand, shell and rock. 

Chief components. Frequency. % coarse material. 

Foraminifera R 0·1 
Polychreta R 0'4 
Ec hi nod erma ta R 0·9 
Crustacea n 0·2 
Lamdlibranchiata C 15·1 
Gasteropoda C 12'7 
Pteropoda R 1'9 
Pisces n 0·2 
Other remains A 68'5 

100·0 
Pelagic remains :-

Pteropoda. 
Limacina injlata. Diacr'ia qttadridentata. 
Oreseis acicula. Cavolinia wngi'rostris. 
Cr. virgula. C. uncinata. 
Hyalocylis striata. Atlanta sp. 

~o pelagic Foraminifera were identified. Operculina granulosa and lIeterostegina 
operclll-ino~ were the only benthic species identified. The coarse material at this station 
comlists of calcareous rubble, most of which is unidentifiable; some appears to be derived 
from large shells, a few fragments of which occur; most of the ~folluscan material consists 
of smull Hhells amI shell-fragments. Foraminifera arc notable by their absence; only a 
very few worn specimens are present in the material. 
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Station 92: Central Arabian Sea; depth 3722 metres; Bigelow sample; 
Globigerina ooze, light brown when wet; mud 85'9%; organic remains 14'1 %. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides rubra. 

Globige:rinoides sacculife:ra. 
Pulleniatina obliquiloculata. 
Globorotalia rnenardii. 
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creamy 

This is a nearly pure Globigerina ooze. 
fera present, and benthic forms are absent. 
fragments of Goscinodiscus sp. 

There are very few intact tests of Foramini
A few Coccoliths are present and also a few 

Station 93: Central Arabian Sea; depth 3991 metres; Bigelow sample; transitional 
Globigerina ooze-red clay; mud 90'4%; organic remains 9'6%. 

Pelagic remains :-
Foraminifera: 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides conglobata. 

PuUeniatina obliquiloculata. 
Globorotalia rnenardii. 

No other organic remains, calcareous or siliceous, are present. Very few of the 
Foraminifera are intact. 

Station 100: Central Arabian Sea; depth 4082 metres; Bigelow sample; red clay. 
The red clay forms almost 100% of this deposit. No Foraminifera were sifted out, 

and there is a very low calcium carbonate content. Siliceous remains present include 
various kinds of Poriferan spicules and diatom frustules including Coscitwdiscus sp., 
mainly in a fragmentary condition. No Radiolaria are present. 

Station 101 : Central Arabian Sea; depth 5285 metres; Bigelow sample; red clay. 
This deposit is very similar to that from the preceding station. No calcareous remains 

were found, and the same siliceous organisms as at Sta. 100 are present. 

Station 102: Central Arabian Sea; depth 3215 metres; 
ooze; mud 79'3%; organic remains 20'7%. 

Bigelow sample; Globigerina 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
GZ. dubia. 
Globigeritwides conglobata. 
Gl. rubra. 
GZ. sacculifera. 

Orbulina universa. 
PuUeniatina obliquiloculata. 
Globorotalia menardii. 
Gl. tumida. 

No Pteropoda are present, and no benthic Foraminifera. The only benthic remains 
found were a few Poriferan spicules. Coscinodiscus frustules are again present, as at the 
last two stations, and also a few Radiolarian skeletons. , 

This Globigerina ooze is impure, containing some red clay, but the remains of pelagic 
Foraminifera are very common, so that the clay only imparts a faint creamy colour to the 
deposit. The apparently complete absence of benthic Foraminifera is noteworthy as 
these tests arc often common in Globigerina ooze. 
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Station 103: Zanzibar area; depth 101 metres; Priestman grab samples; grey
green, incoherent, gritty mud with much siliceous sand and gravel; mud 74·6%; sand 
and gravelll·3%; organic remains 14·1%. 

Chief components. Frequency. % coarse material. % deposit. 
Foraminifera A 6·9 l·g 
Corals R 2'6 . 0·7 
Polychreta R 0·5 0·1 
Polyzoa VC 6·8 1·7 
Echinodermata . F 3·9 1·0 
Crustacea. F 4·3 1 '1 
Lamellibnmchiata VC 19·9 5·0 
Gasteropoda. F 7·2 1·8 
Pteropoda. R l·g 0·5 
Scaphopoda R 0·7 0·2 
Pisces R 0·4 0·1 
Other remains A 45·1 U·4 

100·0 25·4 
The " Other remains" in the above list include unidentifiable calcareous grains and 

carbonaceous particles as well as quartz grains (see PI. II, fig. 3). 

. ' 

Pelagic remains:-
Pteropoda. 

Creseis ooic-ula. 
Cr. virgula. 
Clio pyramidata. 
Diaaria quadridentata. 

No pelagic Foraminifera were found. 
Benthic remains :-

Foraminifera. 
Textularia agglutinans. 
T. CMrugata. 
T. sagittula var. atrata. 
T. tuberosa. 
Sigrrwilina schlumherger i. 
Triloculina tricarinata. 
Pyrgo sarsi. 
Placopsilina cenmnana. 
Robulus ronvergens. 
R. rostatus var. multicostatus. 
R. orbicularis. 

. '. ~oMsaria flinti. 
N. subscalaris. 
Vaginulina legumen. 
N onion 1 asterizans. 

Corals. 
Diaseris sp . 

Cavolinia globulosa. 
C. longirostris. 
Atlanta sp. 

N onion scaphum. 
Elphidium craticulatum. 
El. crispum. 
Operculina granulosa. 
Heterostegina operculinoides. 
Sorites marginalis. 
Uvigerina tenuistriata. 
Rotalia papillosa. 
Amphistegina radiata. 
Cibicides lobatulus. 
Plarwrbulinella larvata. 
Carpenteria monticularis . 
D. proteiformis. 
M iniacina miniacea. 
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The majority of the animal remains have been pulverized into small fragments, 
perhaps owing to their being rolled about along with the quartz grains. Many of the 
Foraminifera, particularly specimens of Operculina granulosa, are discoloured and blackened. 
Presumably all these specimens were dead before being collected, and had become affected 
by -contact with the mud. On dissolving out the calcium carbonate of the test with acid, 
green casts are left. The dark colour is apparently due to this contained material (? 
glauconite), as no sulphide of iron appears to be present. 

The greenish colour of the mud is in part due to contained organic matter, some of 
which was dissolved out by the alcohol used to preserve the sample of the deposit. Some 
of the colour is due to the presence of the green mineral material in the deposit. 

Station 104: Zanzibar Area; depth 207 metres; Priestman grab samples; grey
green mud similar to that from Sta. 103, but finer and more coherent; mud 75'7%; sand 
and gravel 16'6% ; organic remains 7'7%. 

Chief components. Frequency. 

Foraminifera 
Corals 
Polychreta 
Polyzoa 
Echinodermata. 
Crustacea. 
Lamellibranchiata 
Gasteropoda , . 
Pteropoda 

. Scaphopoda 
Pisces 
Other remains 

Pelagic remains:
Pteropoda. 

Creseis acictda. 
Cr. virgula. 

C 
F 
F 
R 
F 
R 
R 

• R 
F 
R 
R 
C 

No pelagic Foraminifera were identified. 
Benthic remains :-

JII.2. 

Foraminifera. 
Textularia sagittula. 
Spirolooulioo depressa. 
Signwilina schlumbergeri. 
Pyrgo comata. 
P. depressa. 
P. vespertilio. 
Robulus costatus mr. multi

costatus. 
R. iota. 

Cirripedia. 
Verruoo sp. 

% coarse material. 

1·4 
6·2 
3'6 
0·7 
5·0 
0'5 
3'6 
5'8 
4'6 
0·1 
0·1 

68·4 

100·0 

Oaoo1inia longirostris. 

Robulus orbicularis. 
Lenticulina rotulata. 
Marginulina glabra. 
Nodosaria flinti. 
Frondicularia plirota. 
OperCitlina granulosa. 
Amphistegina radiata. 
OiJi,cides lobatulus. 

Balanus sp. 

% deposit. 

0'4 
1'5 
0·9 
0·2 
1·2 
0·1 
0'9 
1'4 
1'1 
tr. 
tr. 

16·6 

24'3 

7 
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Station 105: Zanzibar Area; depth 280 metres; Agassiz trawl sample; clayey grey 
mud with very few animal remains; mud 98'1%; sand 0'4%; organic remains 1'5%. 

Chief components. Frequency. % coarse material. % deposit. 

Foraminifera C 19·3 
Corals R 1,8 

Polychreta R 0·4 
Polyzoa R 0,9 

Echinodermata . F 5,0 

Crustacea. R 0,6 

Lamellibranchiata F 5,9 

Gasteropoda F 11·3 
Pteropoda. VC 15·1 
Pisces F 3,6 

Other remains F 36,1 

100,0 

:No pelagic Foraminifera were found in this deposit. 
Benthic remains :-

Foraminifera. 
Storthosphrera albida. 
Pilulina jeffreysi. 
Tholosina bulla. 
Dendrophrya ramosa. 
Aschemonella sp. 
Ammodiscoides turbinatus. 
Tolypammina vagans. 
Ammolagena clavata. 
H aplophmgmoides subglobosum. 
Textularia gramen. 
Valvulina conica. 
V./usca. 
Clavulina communis. 
Cl. parisiensis. 

Pyrgo depressa. 
Bilorulinella globula. 
Robulus costatus. 
R. costatus var. multicostatus. 
R. echinatus. 
R. iota. 
Lenticulina rotulata. 
Nodosaria soluta. 
Saracenaria italica. 
Operculina granulosa. 
Bulimina ovata. 
Rotalia papillosa. 
Epistomina elegans. 

0,4 

tr. 
tr. 
tr. 
0,1 

tr. 
0,1 

0·2 
0·3 
0,1 
0,7 

1·9 

A few valves of Balanus sp. occur in this material and a considerable number of 
specimens of Cavolinia longirostris. This Pteropod is the only pelagic organism found in 
the deposit. Fragments of coal, cinders and decayed pieces of timber cored by Teredo sp. 
are frequent. The large arenaceous Foraminiferan, Dendrophrya ramosa Cushman, is very 
abulldant, and forms the bulk of the material left after washing out the mud (see PI. IV, 
fig. 1). 

Station 106: Zanzibar Area; depth 212 metres; Bigelow sample; grey-green 
calcareous mud; mud 90,1 %; organic remains 9'9%. 

I~ 
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Pelagic remains:
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 

Pteropoda. 
Limacina inflata. 
Creseis virguW,. 

Globigerinoides rubra. 
Orbulina universa. 

Atlanta sp. 
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Benthic remains are not very abundant. Molluscan and Echinoderm remains are 
only rare or frequent and only two benthic Foraminifera were identified, namely, Pilulina 
jejJreysi and Triloculina sp. A few sponge spicules were the only siliceous remains found. 

Station 108: Zanzibar Area; depth 781 metres; 
calcareous mud; mud 96'2%; organic remains 3'8%. 

Bigelow sample; brown-grey 

Pelagic remains:-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides rubra. 
Gl. sacculiJera. 

Orbulina universa. 
PuUeniatina obliquiloculata. 
Globorotalia menardii. 

Benthic remains are very rare at this station. A few gasteropod fragments and 
Ostracod valves occur. Only two benthic Foraminifera, Quinqueloculina sp. and Trii.ocu
lina sp., were found. Poriferan spicule fragments were the only siliceous remains seen. 

Station 109: Zanzibar Area; depth 640 metres; Agassiz trawl debris; light grey mud. 
No proper sample of the deposit at this station was preserved. The following 

organisms were found in debris: 
Pteropoda. 

Clio pyramidata. Diacria trispinosa. 
Cuvierina columnella. 

Foraminifera. 
Rhabdammina abyssorum. Amphisorus hempriMi. 
Pyrgo sp. 

In addition, fragments of Lamellibranchiata, Gasteropoda, Scaphopoda and Echino
dermata, particularly spines, occurred. Many of the Echinoderm spines had specimens of 
the Cirri pede H eteralepas typica Nilsson-Cantell attached to them. 

Station 110: Zanzibar Area; depth 329 metres'; Bigelow sample and materials from 
Otter trawl; transitional from brown mud to Globigerina ooze; an impure GIobigerina 
ooze; mud 37'9%; organic remains 62'1%. 

Pelagic remains :-
Foraminifera. 

Globigerina buJloides. 
Gl. duma. 
Globigerinoides sacculiJera. 

Pteropoda. 
Limacina injUUa. 
Oreseis sp. 

Orbulina universa. 
Pulleniatina obliquiloculata. 
Globorotalia m.enardii. 

Cavolinia sp. 
.Atlanta sp. 
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Benthic rem:lins :-
Molluscan remains are rare, but fragments of Verruca sp. are common and Ostracod 

valves frequent. Some cinders are present and one piece of pumice was preserved, but 
tb.~ cb.i~~ b~ntb.iv 1~ID.'i\iwb 'i\l~ ¥~l'i\m.mll~l'i\, which 'i\l~ 'i\b\lnd'i\\\t 00tb. iQ. wJ.:mMn aqd 
speCIes. A list follows: 

Reophax agglutinans. 
R. biWcularis. 
R. guttifer. 
Ammodiscus incertus. 
Tolypammina vagans. 
Ammolagena clavata. 
Haplophragnwides sp. 
Amnwbaculites calcareum. 
Spiroplectammina mil1etti. 
Te:tLularia oonica. 
T. sagittula var. fistulosa. 
Clavulina communis. 
&gmoilina schlumhergeri. 
Pylgo denticulata. 
P. depressa. 
P. murrhina. 
Cornuspira carinata. 
Planispirina sphaera. 
Trochammina squamata. 
Rolrulus CQstatus. 
R. iota. 

Lenticulina rotulata. ; 
Planularia tricari"wlla. 
V aginulina linrorf,s. 
N onion paci.ficum. 
N. pompilioides. 
Bulimina ovata. 
B. pyrula. 
Uvigerina arukata. 
U. brunnensis. 
Sip/wgeneritla striata var. curta. 
Angulogerina carifUlla. 
Gyroidina soldani. 
Rotalia papillosa. 
Epislomina elegans. 
Cancris auriculus. 
Anomalina bauhwa. 
Planulina ariminensis. 
Pl. wuellerstorfi. 
CiIJicides lobatulus· 
Carpenteria montictdaris. 
C. proteiformis. 

Station lll; Zanzibar Area; depth 73-165 metres; no intact sample. 
The bottom would appear to be composed largely of calcareous rubble or conglomerate 

formed of fragments of shells and other neritic animals, cemented with fine calcareous 
material and overgrown with attached Polyzoa, Lithothamnion, etc. Dead Balani and 
their valves are of frequent occurrence. Attached Foraminifera a.nd Polychret tubes are 
common. The following Foraminifera were found in a small spirit-preserved sample of 
sand. 

Pelagic ;-
G~e'Fi'n(], fmUoides. 

Benthic :-
SpiroZoculina depressa. 
Triloculina sp. 
PlaCQpsilina cenomana. 
Ro/ndus sp. 
H eterostegina 8p. 
Alveolinella boscii. 
Amphistegina radiata. 

Planorbulinella larvata. 
Carpenleria monl¢ularis. 
C. proteiformis. 
C. utr"icularis. 
Sporadotrema cglindricum. 
C. mestmtericum. 
Miniacina miniaceq, 
- . I 
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Alcyonarian spicules and Stenohelia fragments are present in the fine sand preserved 
. with the conglomerate. 

Station Il2: Zanzibar Area; depth Il3 metres; coarse material from Priestman 
grab only; shallow-water sand of quartz grains and organic calcareous structures. 

The material contains fragments of the usual shallow-water fauna, including many 
Foraminifera. Pelagic organisms are represented by Globigerinoides rubra and two 
Pteropods, Diacria trispinosa and Cavolinia longirostris, only. Among benthic organisms, 
fragments of the Polyzoan HasweUia and a Gasteropod, probably Vermetus sp., occur. 
The following Foraminifera were identified :-

Textularia agglutinans. 
Gaudryina rugulosa. 
Qui~lina sp. 
Spiroloculina depressa. 
Triloculina tricafinata. 
Pyrgo murrhina. 
Robulus orbicularis. 
Robtdus sp. 
Nodosaria scalaris. 
Elphidium crispu,m. 

H eterostegina oper(JUlinoides. 
Amphisorus hemprichi. 
Alveolinella boscii. 
Sphceridia papiUata. 
Amphistegina r(Uliata. 
PlanorbulineUa larvata. 
Sporadotre:rrw, cylindricum. 
Sp. mesentericum. 
Miniaoina miniacea. 

Station Il3: Zanzibar Area; depth 220 metres; Priestman grab samples; grey
t~*.,c brown muddy sand; mud 03'9%; mineral grains 38'0%; organic remains 8']%' 

Chief components. Frequency. % coarse material. % deposit. 

Foraminifera F 0,6 0,3 

Alcyonaria F 0,6 0,3 

Corals .' R 0·4 0·2 
Polychreta R 0,3 0,] 

Polyzoa R 0,6 0·3 
Echinodermata . F 2·0 0·9 
Crustacea. F 3·7 ],7 

Lamellibranchiata I R 3,5 ],6 

Gasteropoda R 4,5 2,] 

Pteropoda H 0·7 0,4 

Scaphopoda R 0,3 0'] 
Pisces R 0,3 0,] 

Other remains A 82'5 38,0 

]00,0 46'] 
The" Other remains" consist f(lr the most part of quartz grains and some unidentifiable 

calcareous ma.terial. 
Pelagic remains :
Foraminifera. 

Globigerina bulloides. Globorotalia nwoordii. 
Orbulina unit1ef'8a. 
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Pteropoda. 
Limacina injlata. 
Creseis acicula. 

Benthic remains:-
Foraminifera. 

Textularia gra1Mn. 
T. troehus. 
Gaudryina rugulosa. 
Spiroloculina depressa. 
Sigmoilina schlumhergeri. 
Triloculina tricarinata. 
Pyrgo vespertilw. 
N uhecula:ria tuberosa. 
Robulus sp. 
Vaginulina linearis. 
N onion umbilicatulum. 

Creseis virgula. 

Operculina granulosa. 
H eterostegina suhorbWularis. 
Sorites marginalis. 
M arginopora vertebralis. 
Uvigerina aculeata. 
Epistomina elegans. 
Amphistegina radiata. 
Planorbulinella larvata. 
Gypsina vesicularis. 
Carpenteria momicularis. 

The calcareous remains are much broken and worn, due to grinding against the quartz 
grains, which are abundant here as at Sta. 103. A number of fragments of Cirripedia 
are recognizable among the crustacean remains, notably compartments and valves of 

, Balanus and Verruca. A carina of Lepas sp. was found (see Pl. II, fig. 4). 

Stat.ion 114: Zanzibar Area; depth 353 metres; Priestman grab sample; impure 
Globigerina ooze, transitional to brown terrigenous mud; mud 31'6%; organic remains 
68'4%. 

The organic remains in this deposit are almost entirely Foraminifera. No large 
}Iolluscan remains occur, the only .. Mollusca being small larval Gasteropoda no bigger than 
Globigerinre. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
G1. dubia. 
Globigerinoides ruhra. 
Gl. sacculiJera. 

Pteropoda. 
Limacina inflaJ,a. 
Creseis sp. 

Benthic remains :-
Foraminifera. 

8piropledammitUl milleui. 
Textularia jlinti. 
T. gramen. 
T. sagittula. 
Gaudryina baccata. 
Clavulina communis. 
Spiroloculina ? tenuis. 
8igmoilina schlumhergeri. 

Orbulina universa. 
Pulleniati1Ul ob1iquiloculata. 
GloOOrotalia menardii. 
G1. tumida. 

Atlanta sp. 

Triloculina sp. 
Pyrgo denticulata. 
P. depressa. 
Comuspira carinata. 
Planispiri1Ul spha;ra. 
Robulus cmvergens. 
R. subaculeatus. 
Marginulina glahra. 
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Nodosaria hirsuta. 
Vaginulina legumen. 
Bulimina ovata. 
B. pyrula. 
V irgulina suhsquamosa. 
Uvigerina acu.:/mta. 
U. tenuistriata. 
Siphogenerina striata var. curta. 

Epistomina elegans. 
Cancris auriculus. 
Cymbaloporelta squamosa. 
ChilosWmella ovoidea. 
Planulina ariminensis. 
Pl. wueUerstorfi. 
Cibicides lobatulus. 

Poriferan spicules are frequent in this d~posit. Ostracod valves occur. 
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Station 115: Zanzibar Area; depth 640 metres; a small tube of debris is the only 
material. 

The debris contained much unidentifiable material and mucoid matter, and yielded 
very few animal remains. The following Foraminifera were identified : 

Globigerina buUpUles. Globorotalia menardii. 
Gl. dubia. Ammodiscus sp. 

Spines and fragments of Echinodermata were the only other remains present. 

Station 117: Zanzibar Area; depth 889 metres; Bigelow sample; light brown cal
careous mud or impure Globigerina ooze; mud 87'6%; organic remains 12'4%. 

Pelagic remains:-
Foraminifera. 

Globigerina bulloides. 
01. dubia. 
Globigeritwides conglobata. 
Gl. sacculiJera. 

Pteropoda. 
Creseis sp. 

Orbulina universa. 
Pulkniatina obliquiloculata. 
Globorotalia menardii. 
Gl. tumida. 

Pteropoda are only represented by a few small fragments of a species of Creseis, not 
specifically identifiable. No benthic Foraminifera are present in this deposit. Siliceous 
r~mains are represented by a few spicule fragments. 

Station 1I8: Zanzibar Area; depth 1789 metres; 
Globigerina ooze; mud 70'1,%; organic remains 29'9%. 

Bigelow sample; light grey 

Pelagic remains:-
Foraminifera. 

Globigerina bulWides. 
Gl. dubW. 
GWbigeritwides rongWbata. 
Gl. rubra. 
Gl. sacctdiJera. 

Pteropoda. 

Orbulina u,niversa. 
Pulleniatina obliqttiloculata. 
Sph(l!'f'oidillclla dehiscens. 
Globorotalia men,ardii. 
Gl. tumida. 

Creseis sp. Cavoli'9~ia spp. 
Cuvierina columnella. Atlanta sp. 

Only one benthic Foraminiferan, a species of Pyrgo, was identified from this material. 
Sponge spicules are frequent and a few Radiolaria are present. 
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Station 119: Zanzibar Area; depth 1204 metres; Bigelow sample and dried mud 
from Agassiz trawl; light brown, clayey, Globigerina ooze; mud 55·4%; organic remains 
44·6%. 

Pelagic remains :-
Foraminifera. 

Globigeritlta bulloides. 
Gl. dubia. 
Globigerinoides oongWbata. 
Gl. rtthra. 
OrbuliM tmiversa. 
PulieniatiM obliquilooulata. 

Pteropoda. 
Oumenna oolumnella. 

Benthic remains :-
Foraminifera. 

Spkmroidinella dekiseens. 
Glororotalia canariensfs. 
Gl. crassa. 
G1. menardii. 
Gl. truncatulinoides. 
Gl. tumida. 

Rhabdammina abyssQNjm. Ammolagena clavata. 
Rh. discreta. OyclammiM compressa. 
Rh. linearis. VerneuliM propinqua. 
Marsipella elongata. Triloculina sp. 
TholosiM bulla. Pyrgo depressa. 
Hype:rammina friabilis. P. murrhina. 
Dendrophrya ramosa. Lenticulina subalata. 
Reophax nodulosus. DentaliM filiJormis. 
Ammodiscus incertus. N anUm umbi1icatu1um. 
Ammodiscoides turbinatus. Bo1ivinita qttadrilatera. 

A few rare fragments of Mollusca and a few Radiolaria occur, but no other animal 
remams. 

Station 120; Zanzibar Area; depth 2931 metres; 
Globigerina ooze; mud 67·2%; organic remains 32'8%. 

Bigelow sample; fawn-grey 

Pelagic remains ;___:_ 
Foraminifera. 

Globigerina bulloides. 
G1. duma. 
Globigerinoides congWbata. 
G1. rubra. 
Orbulina universa. 

No Pteropoda are present. 
Benthic remains;-

Foraminifera. 
Rhabdammina abyssorum. 
Rh. ab.1j.<j.yorum var. radiata. 
Rh. discreta. 
Rh. linearis. 
Psammospha:ra fusca. 

Pul1eniatina obliquiloculata. 
Sphwroidinella dehiscens. 
Globarotalia menardii. 
Gl.~. 

Saccammina sphmrica. 
H yperammilla friabilis. 
Reophax nodulosus. 
Ammolagena clavata. 
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No Molluscan or Echinoderm remains are present in this deposit. Poriferan spicules 
are very rare. 

Station 121: Zanzibar Area; depth 925 metres; Bigelow 
impure Globigerina ooze; mud 72'7%; organic remains 27-3%. 

sample; grey-brown 

. Pelagic remains :-
Foraminifera. 

Globigerina btdloidis. 
Globigerirwides ciJnglobata. 
GI. rulna. 
Orbulina universa. 

Pteropoda. 

PuUeniatina obliquiWculata. 
GloboroULlia menardii. 
Gl. tumida. 

Limacina injlata. Diacria quadridentata. 
Rare Gasteropod fragments and sponge spicules were the only benthic remains found 

in this deposit. 

Station 122: Zanzibar Area; depth 745 metres; Bigelow sample; dark grey-brown 
calcareous mud with Foraminifera; mud 81-1 %; organic remains 18-9%. 

Pelagic remains:-
Foraminifera. 

Globigerina bulloides. 
GI. dubia. 
GlOOigeritwides wnglobata
Gl. rubra. 

Pteropoda. 

Orbulina universa. 
Pu1leniatina obliqui1nculma. 
Globorol41ia menardii. 

Creseis sp. Cavolinia sp. 
Benthic remains are represented by frequent Gasteropod fragments and two Foramini

fera, Pyrgo sp. and Ophthalmidium inoonsULns, neither of which is common. Poriferan 
remams are rare_. 

, Station 123: Zanzibar Area; depth 256-366 metres; dredge samples; grey clayey 
mud with much quartz sand and rock fragments, but few animal remains; mud and 
mineral grains 97'9%; organic remains 2-1 %. 

Pelagic remains :-
Foraminifera. 

Globigeritw, sp. 
Orbulina universa. 

Benthic remains :-
Foraminifera. 

GlOOorol41ia trUtwatuli'noides. 

Bulimina pyrula. Planulina wueUerstorfi· 
Chilostomella ovoidea. 1 

In addition a few fragments of Pteropoda are prescllt, and among benthic remains a 
few Echinoderm fragments and some plant remains derived from the land. 

The rock fragments obtained are calcareous conglomerate. Some pieces show 
remains of Mollusca, Polyzoa and Foraminifera. The bottom here appears to be covered 
by a terrigenous mud interspersed with patches of conglomerate-
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Station 125: Zanzibar Area; depth 805 metres; Priestman grab sample; brown, 
clayey mud with few organic remains; mud 92'5%; organic remains 7'5%. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. Orbulina universa. 
Gl. dulJia. Pu1leniatina obliquilooulata. 
Globigerinoides ruhra. Globorotalia menardii. 
Gl. sacculiJera. GZ. trunoatuZinoides. 

Pteropoda. 
Limacina inflata. Creseis virgula. 

Benthic remains :-
Foraminifera. 

Crithionina pisum var. hispidn,. 
H orowsina globuZiJera. 
Haplostiche dubia. 
Ammodiscoides turbinatus. 
Spiroplectammina milletti. 
Textularia gramen. 
T. sagittula. 
Quinqueloculina sp. 
Spiroloculina depressa. 
Triloculina trigom.da. 
Pyrgo denticulata. 
P. vespertilio. 
Robulus costatus. 
R. ? papillosus. 
Lenticulina rotulata. 
.. :\T odosaria flinti. 
Saracenaria italica. 
N onion umbilicatulum. 
Elphidium craticulatum. 
El. crispum. 

Operculina granulosa. 
H eterostegina suborbicularis. 
Sorites marginalis. 
Amphisorus hemprichi. 
Marginopora vertebralis. 
Alveolinella boscii. 
Buliminella elegantissima. 
Bulimin,a, aculeata. 
Bolivina seminuda. 
Uvigerina aculeata. 
U. asperula. 
Siphogenerina bifrons. 
S. striata var. curta. 
Eponides prmcinctus. 
Rotalia papillosa . 
Amphistegina radiata. 
Laticarini·na pauperata. 
Gypsina globulus. 
Carpenteria proteiformis. 

Very young shells of Gastropoda and Lamellibranchiata and fragments of Tubipora 
and Seriatopora are the only other remains of bottom-living organisms present. 

Station 126: Zanzibar Area; depth 209 metres; coarse Priestman grab sample; 
light brown mud and calcareous sand and gravel. 

Chief components. Frequency. % coarse material. 

Foraminifera C 2'3 
Corals. VC 18·2 
Polychreta R 0'1 
Polyzoa R 0·2 
Echinodermata F 1'0 
Crustacea R 1·2 



MARINE DEPOSITS OF ARABIAN SEA 

Chief components. 

Lamellibranchiata 
Gasteropoda 
Pteropoda . 
Algre . 
Other remains 

Pelagic remains :-
Foraminifera. 

GWbigerina sp. 
Pteropoda, 

Creseis acWula. 
Cr. virgula. 
Diacria quadridentata. 

Benthic remains :-
Foraminifera. 

Reophax sp. 
Haplostiche dubia. 
Textularia gram.en. 
T. sagittula. 
Clavulina parisiensis. 
Quinqueloculina sp. 
Massilina arenaria. 
Spiroloculina depressa. 
Pyrgo rornata. 
P. sarsi. 
Biloculinella globula. 
Placopsilina cenomana. 
Robulus orbicularis. 
Robulus sp. 
Vaginulina fcethere1lii 
Nodosaria sp. I 

Corals. 
Cycloseris sp. 
Pachyseris sp. 
Seriatopora sp. 

Frequency. 

R 
F 
R 
VC 
A 

% coarse material. 

3'1 
6'5 
0'7 

16'8 
49'9 

100'0 

Globorotalia m.enardii. 

Cavolinia longirostris. 
Atlanta sp. , 

N onion pompilioides. 
Elphidium crispum. 
Operculina granulosa. 
H eterostegina depressa. 
H. operculinoides. 
H. suborbicularis. 
Sorites marginalia. 
Amphisorus hemprichi. 
l~f argitwpora vertebralis. 
Amphistegina radiata. 
Planorbulinella larvata. 
Gypsina globulus. 
Carpenteria proteiJormis. 
H oowtrema rubrum. 
Sporadotrema cylindricum. 
Sp. mesenteriC'Um. 

Acropora sp. 
Tuhipora sp. 
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Hemains of Alcyonacea and Hydrocorallime are also present. Otoliths and sponge 
spicules occur infrequently. Among Gasteropod remains a specimen of Xenophora sp. 
was recognized, but the majority &f the Molluscan fragments are unidentifiable. Among 
the Crustacean remains BakJ.nus valves ate frequent. 

Station 127: Southern Arabian Sea; depth 4091 metres; Bigelow sample; Globi
gerina ooze transitional to Red clay; mud 51'1 %; organic remains 48'9%. 
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Pelagic remains :-
Foraminifera. 

Globigerina btd1oides. 
Gl. dubia. 
Globigeri~ conglobata. 
Gl. ruhra. 
Orbulina universa. 

Pulleniatina obliquilncuUua. 
Spkceroidine1Jn, dekiscens. 
Globorotalia menardii. 
OZ. tumida. 

No calcareous benthic remains are present and no Pteropod shells. A few sponge 
spicules and a few Radiolaria occur. This deposit and the following three are all tran
sitional to Red clay. This one is the nearest to Globigerina ooze. That from Sta. 134 
is most like Red clay, and has the smallest percentage (15·97) of Foraminiferal tests of the 
four. Sta. 134 is also the deepest .of the three. 

Station 128: Southern Arabian Sea; depth 4060 metres; Bigelow sample; Globi
gerina ooze transitional to Red clay, similar to the preceding; mud 7S·1 %; organic 
remains 21·9%. 

Pelagic remains:-
Foraminifera. 

Globigerina bulloides. 
OZ. dubia. 
Globigerinoides conglobata. 
PuUeniatina obliquiloculata. 

Spkmroidinella dekiscens. 
Globorotalia menardii. 
Gl. tumida. 

No Pteropod shells are present. Benthic organisms are represented by Rotalia sp., 
and, among siliceous organisms, by sponge spicules and Radiolaria. 

Station 132: Southern Arabian Sea; depth 4082 metres; Bigelow sample; like 
Stas. 127 and 128, Globigerina ooze transitional to Red clay; mud 75·2%; organic 
remains 24·8%. 

Most of the fragments of Foraminifera are unidentifiable. The following four pelagic 
speCIes occur:-

Globigerina dubia. PuUeniatina obliquilooulata. 
Globigerinoides conglobata. Globorotalia menardii. 

Probably other species are represented among ·the fragments of tests. A very few 
Coccoliths occur in this deposit. Only one benthic Foraminiferan, Pyrgo mu"kina, was 
found. Fragmentary Radiolaria and a few Diatom frustules are to be found in the deposit. 

Station 133: Southern Arabian Sea; depth 3385 metres; no deposit is available 
for this station. A single Foraminiferan, Trilooulina tricarinata, was found in debris. 

Station 134: Southern Arabian Sea; depth 4234 metres; Bigelow sample; like 
Stas. 127, 128 and 132, this is a transitional deposit, but in this case much nearer to 
Red clay; mud 84·0%; organic remains 16·0%. 

Pelagic remains :-
Foraminifera. 

',' , .. J~ 

Globigerina bulloides. 
Gl. dubia. 
Gl. injlata. 
Globigerinoides sacculi/era. 
Orbulina universa. 

Pulleniatina obliquilncuUua. 
Spkceroidinella dekiscen8. 
Globorotalia menardii. 
Ol. tumida. 
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Only one benthic Foraminiferan, Virgulina subsquamosa, occurred in the upper part 
of this deposit. A few Lithocircus sp. and CoscinodisC'Us sp. are the only siliceous remains 
present. 

Station 135: Southern Arabian Sea; Bigelow sample; Globigerina ooze; mud 
55' 5%; organic remains 44'5%. 

Pelagic remains:-
Foraminifera. 

Globigerina bttUoides. 
GZ. dubia. 
Globigerirwides conglobata. 
G1. rubra. 

• Gl. sacculifera. 
Globigerinella flVJUilaleralis. 
Gl. digitata. 

Benthic remains :-

Orbulina universa. 
Pulleniatina obliquiloculata. 
Sphceroidinella dehiscens. 
Globorotalia canariensis. 
GI. crassa. 
Gl. m.enardii. 
Gl. lttmida. .. 

Foraminifera: Two species only, Rotalia brmkhiana and Planu1ina wuellerstorfi, were 
found in the surface deposit. 

PulleniatinfL obliquiloculata is very common in the surface deposit. Radiolarian 
skeletons are common at this station. 

Statioll137: Maldive Area.; depth 46 metres; Priestman grab samples; fine grey
white, calcareous mud, smelling of sulphuretted hydrogen; mud 91·1 %; organic remains 
8'9%. 

Chief components. Frequency. 

Foraminifera R 
Echinodermata . F 
Crustac.ea . F 
Lamellibranchiata F 
Gasteropoda A 
Pteropoda F 
Other remains R 

Pelagic remains :-
No pelagic Foraminifera were f()und. 
Pteropoda. 

% coarse material. 

0·3 
3·3 
3·3 
5·4 

80·2 
3·4 
4·1 

100'0 

Creseis acicula. Creseis virgula. 
Benthic remains:-

Foraminifera. 
Textularia Joliaeea. 
Operculina gaimardi. 
O. granulosa. 

H eterostegina suborbictdaris. 
Amphistegina radiata. 

% deposit. 

tr. 
0·3 
0·3 
0,5 

7·1 
0,3 
0·4 

This deposit is probably true coral mud derived from the breakdown of calcareous 
I}nimal and plant structures growing on the reef. According to an estimation made at 
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the time of collecting, the water drawn off from the mud contained 4'90 mgrm. ~S per 
litre. 

Station 139: Maldive Area; depth 57 metres; Priestman grab samples; fine, 
calcareous, shell and Foraminiferal sand; mud 12'8% ; organic remains 87'2%. 

Chief components. Frequency. % coarse material. % deposit. 

Foraminifera A 61·2 53'4 
Echinodermata . F 2·2 1·9 
Crustacea. R 1·6 1'4 
Lamellibranchiata R 4·6 3'9 
Gasteropoda F 10·8 9'5 
Halimeda . R 1·8 . 1'6 
Other remains VC 17'8 15'5 

100·0 87·2 

The only pelagic organism found was a specimen of the Foraminiferan Tretomphalus 
bulloides. 

Benthic remains :-
Foraminifera. 

Textularia candeina. Operculina granulosa. 
T. conica. Heterostegina depressa. 
T. JoliaCffi. Alveolinella bosmi. 
T. [ffamen. Amphistegina radiata. 
T. pseudotrochus. Cyrnbalo]X»'etta bradyi. 
Spiroloculina grateloupi. C. squ'lmosa. 
Triloculina oblonga. Gypsina vesicularis. 
Tr. tr'icarinata. Carpenteria proteiformis. 
Plaeopsilina ceoomana. C. utricttlaris. 
Elphidium craticulatum. S]X»'adotrema cylindricum. 
Operculi'nella cumingi. Miniamna miniaCffi. 

Fragments of corals, Cryptohelia, Alcyonacea, Scaphopoda and Polychreta also occur 
in this deposit (see PI. III, fig. 3). 

Station 141: :Maldive Area; depth 44 metres; Priestman grab samples; calcareous 
sand with much Halimeda; fine sand 49'4%; organic remains 50'6%. 

Chief components. Frequency. % coarse material. % deposit. 

Foraminifera A 13'0 6'6 
Lamellibranchiata C 9·2 4'7 
Gasteropoda R 3'9 2'0 
Halimeda . A 41'0 20'7 
Other remains VC 32'9 16'6 

100'0 50'6 
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Benthic remains :-
Foraminifera. 

Texttlktria caruleina. Operetdina gaimardi. 
Quinqueloculina kerirnbatica. O. granulosa. 
Q. parkeri. Heterostegina depressa. 
Spiroloculina tenuissima. Borelis melo. 
Schlumbergerina alveoliniformis. Alveolinella boscii. 
Triloculina tricarinata. Amphistegina radiata. 
Robulus sp. Acervulina inhrerans. 
Elphidium craticulatum. Gypsina globulus. 
Operculinella cumingi. Miniacina miniacea. 

Corals, Hydrocorallinre, Alcyonarian spicules, Echinoderm and Crustacean fragments 
occur in small quantities. Pelagic remains are practically absent, the only organism 
observed being Atlanta sp. 

Station 142a: Maldive Area; depth 31 metres; Priestman grab samples; coral 
mud smelling of ~S; mud 59·7%; organic remains 40·3%. 

Chief components. Frequency. % coarse material. % deposit. 

Foraminifera VC 4·5 I·S 
Alcyonaria F 1·0 0·4 
Echinodermata . R 0·5 0·2 
Crustacea . F 4·4 I·S 
Lamellibranchiata A 33·3 13·4 
Gasteropoda C 16·1 6·5 
Halimeda . R 2·0 O·S 
Other remains A 3S·2 15·4 

100·0 40·3 
The animal remains are very finely triturated. This accounts for the large percentage 

of ' .. Other remains" in the above table, all the unidentifiable material being included 
under this head. 

Benthic remains:-
Foraminifera. 

Textularia oonica. Operculina granulosa. 
T. foliacea. Heterostegina depressa. 
T. haueri.. Amphisorus hemprichi. 
Quinqueloculina reticulata. Borelis melo. 
Massilina inceqoolis. Alveolinella boscii. 
Elphidium craticulatum. Amphistegina radiata. 
Operculina gaimardi. Gypsina globulus. 

Alcyonarian spicules, Hydrocorallinre, Seriatopora, otoliths and Scaphopoda occur in 
small numbers. The Echinoderm remains are chiefly those of Clypeastroidea. Very few 
pelagic Foraminifera or Pteropoda are present. Estimations made when the sample was 
collected gave the amount of HaS present as 3·92 mgrm. per litre of water aspirated off 

. from the mud. 
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Station 142b: Maldive Area; depth 37 metres; Priestman grab samples; coral 
mud with very few coarse fragments; mud 93'0%; organic remains 7'0%. 

Chief components. Frequency. 

Echinodermata . 
Crustacea. 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Other remains 

Benthic remains :-
Foraminifera. 

Quinqueloculina ferussacii. 
Spiroloculina canaliculata. 
Sp. grateloupi. 

C 
VC 
VC 
A 
R 
F 

% coarse material. 

7·0 
11·2 
21·1 
51'5 
0·8 
8·4 

100·0 

Operculina gaimardi. 
O. granulosa. 

% deposit. 

0·5 
0'8 
1·5 
3'6 
tr. 
0·6 

7·0 

Poriferan spicules, Polyzoa, Scaphopoda, otoliths and bones of fish and fragments of 
HalimRda occur sparingly. The Echinoderm remains are again largely those of Clypeas
troidea. X 0 large fragments of any of the above organisms occur in this deposit. Slightly 
less ~S was found at this station, 2·26 mgrm. per litre of aspirated water, as against 
3'92 mgrm. at the last station (see PI. III, fig. 6). 

Station 143; Maldive Area; depth 797 metres; Agassiz trawl sample; grey-green 
Foraminiferal sand; mud 22'0%; organic remains 78'0%. 

This sample has probably had some of the finer material washed out during its passage 
to the surface, and so the above figures can only be regarded as very approximate. 

Pelagic remains :-
Foraminifera. 

Globigerina bulUJides. 
Gl. duhia. 
Globigerinoides ronglobata. 
Gl. rubra. 

Pteropoda. 
Limacina infolta. 

Benthic remains :-
Foraminifera. 

Reophax sOO1piurus. 
H aplostiche dubia. 
H aplophmgrnoides scitulum. 
A mmobaculites calcareum. 
Textularia ronica. 
T. gramen. 
T. sagUtula. 
Verneulina bradyi. 
Gaudryina baccata. 

Orbulina universa. 
Pulleniati,w obliquiloculata. 
Globorotalia canariensis. 
GZ. menardii. 

Cresei.s acicula. 

Clavulina parisiensis. 
Massilina arenaria. 
SpirolocuZina depressa. 
Sigmoilina schlumbergeri. 
Pyrgo anmnala. 
P. milletti. 
P. murrhina. 
Cornuspira involvens. 
Robulus sp. 
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Saracenaria italica. 
Polymmphina lanceolata. 
II eterostegina depressa. 
Alveolinella boscii. 
Bulimina elnngata. 

Siphogenerina oolumel1aris. 
Epistomina elegans. 
Carwris auriculus. 
Amphistegina radiata. 
Chilostomella ovoidea. 
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Ostracod valves, otoliths and Echinoderm spines also occur. The greerush colour 
of this deposit is due to the contents of the \ Foraminiferal tests. 'Vhen the tests are 
dissolved away, green casts, pr~umably of glauconite, are left. 

Station 144: Maldive Area; depth 31 metres; Priestman grab samples; coarse sand 
and gravel composed mainly of molluscan and Halimeda fragments; mud 57'3%; orgamc 
remains 42'7%. 

Chief components. Frequency. % coarse material. 

Foraminifera R 1'4 
Corals F 4'4 
Echinodermata . R 0'8 
Lamellibranchiata 0 12'0 
Gasteropoda A 50'1 
H alirrtRAla . VO 15'6 
CalcafeOll8 conglomerate C 15·7 

100'0 

No pelagic remains are present in this deposit. 
Benthic remains :--

Foraminifera. 
Textularia candeina. 
T. oonica. 
Operculinella C'tfmingi. 
Heterostegina a£prepsa. 
H. suborbictdaris. 

ldarginopora vertebralis. 
Borelis melo. 
Alveolinella boscii. 
Amphistegina radiata. 
M iniacina miniacea. 

% deposit. 

0·6 
1·9 
0·3 
5'1 

21'4 
6'7 
6'7 

42'7 

Alcyonarian spicules, Polych:et tubes, Scaphopods and fragments of Lithothamnion 
occur sparingly. Balanus compartments are among the Crustacean materials present. 
Clypeastroid fragments arc again more numerous tha.n those of other Echinoidea (see 
PI. III, fig. 4). 

Some of the material is cemented together, forming a loose conglomerate. There is 
no RtS present at this station. \ 

Station 145: Maldive Area; depth 494 metres; Baillie rod sample; grey-green 
mud and sand; mud 51'7%; organic remains 48'3%. 

. m,2. 8 
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Pelagic remains :-
Foraminifera. 

GlolYigerina· bulloides. 
GZ. dubia. 
Glob-iger-inoides con..globata. 
GZ. rub-ra. 
GZ. sacculifera. 

Pteropoda. 
Lirnacina bulirnoides. 
L. inflata. 
Creseis acicula. 

Benthic remains :-
Foraminifera. 

Reophax sp. 
H aplostiche duhia. 
Spiroplectammina milletti. 
Textularia sag·iuula. 
Gaudryina baccata. 
1}1 assiZina arena ria. 
Triloculina oblonga. 
Pyrgo vespertiZio. 
Biloculinella globula. 

Orbulina universa. 
Pulleniatina obliqu·iloculata. 
Globorotalia canar·iensis. 
Gl. menard~·i. 

H yalocylis striata. 
Diacria quadridentata. 

Bulimina aculeata. 
U tif}erina schwageri. 
Siphogenerina columellaris. 
Epistomina elegans. 
Cmwlis auriculll,s. 
Cymbaloporetta squamosa. 
Chilostomella ovo·idea. 
Planulina wuellerstorfi. 

This deposit is a mixture of coral mud, Foraminiferal sand and Globigerina ooze, 
of which it is perhaps nearest to the Globigerina ooze. A few otoliths occur. 

Station 147: :\Ialdive Area; depth 27 metres; Priestman grab samples; coral mud 
and gravel; mud 93'3%; organic remains 6'7%. 

Chief components. Frequency. % coarse material. % deposit. 

Corals F 7'8 0,5 
Polychreta A 28'6 1·9 
Echinodermata. C 1l'7 0·8 
Crustacea. A 18,3 1·2 
Lamellibranchiata C 15'4 1,0 
Gasteropoda C 14'5 1,0 
Pteropoda. R 1,1 0,1 
Halimeda . R 2'6 0·2 

100'0 6·7 
Pelagic remains are represented by Creseis acicula only. Two benthic Foraminifera 

only were found, Heterostegina depressa and Amphistegina radiata. A few Polyzoan and 
Scaphopod remains occur. 

X 0 H2S was present in this deposit from the lagoon. 

Station 149: :\Ialdive Area; depth 238 metres; coarse Priestman grab sample only; 
coarse gravel and sand composed of shell, coral and coralline algre. 
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Chief components. 

Foraminifera 
Corals. 
Hydrocorallinro 
Alcyonaria 
Polychrota 
Polyzoa 
Echinodermata 
Crustacea 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Halimeda 
Other remains 

Pelagic remains :
Foraminifera. 

Glob-igerina buUoides. 
Pulleniatina obliquiloculata. 

Benthic remains :---
Foraminifera. 

H aplcstiche dubia. 
Textular,ia aggluti'nans. 
Quinqueloculina ker-imbatica. 
Pyrgo dentwulata. 
P. milletti. 
Biloculinella globula. 
Robulus ? lucidu,s. 
R. orbicularis .. 
Lenticulina rotulata. 
Lin.gulina g'randis. 
Elphidium C'raticulatum. 
Operculinella C'Umingi. 
H eterostegina depressa. 
H. ope-rculinoides. 
H. suborbicularis. 
Sorites marginalis. 

Frequency. % coarse material. 

C 5·0 
A 20,7 
R 0·7 
R 0·3 
R tr. 
R 0'5 

,R 0·3 
R 0·3 
R 1·1 
F 10·9 
R 0·2 
A 28'0 
A 32·0 

lOO'O 

Globorot.alia menardii. 

Amphisorus hemprichi. 
Marginopora vertebralis. 
Alveoli·nella boscii. 
Siphogenerina raphanus. 
Amphistegina radiata. 
Cakarina defranci. 
Cymbaloporetta bradyi. 
Cibicides lobahZ,us. 
Planorbulinella larvata. 
Gypsina globultts. 
Carpe-nleria monlicuJaris. 
C. proteiformis. 
C. utr'icularis. 
Sporadotrema cylindricum. 
Sp. mese-ntericum. 
M iniacina miniacea. 
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Station 152: :Maldive Area; depth 878 metres; dredge samples; grey Impure 
Globigerina ooze; mud 34'4%; organic remains 65'6%. 

Pelagic remains :-
Foraminifera. 

Globigeri'na bulloides. 
Gl. dubia. 
(llobigerinoides conglobata. 

Glomgeri'lwides rubra. 
Gl. sacculifera. 
Globiger'inella d'igitata. 
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Orbulina univef'sa. 
PuUeniatina obliquilootdata. 
SphaJf'oidinella dehiscens. 
Globorotalia canariensis. 

Pteropoda. 
Limacina bulimoides. 
L. inflata. 
L. trochiJormis. 

Benthic remains :-
Foraminifera. 

Gl. menardii. 
Gl. truncatulin0ide8. 
Gl. tumi,da. 

Cf'eseis virgula. 
Diacria quadridentata. 

AschemoneUa ramuliJormis. Elphidium cNspum. 
Pyrgo murrhina. Sorites marginalis. 
Dentalina elegans. Angulogerina carinata. 
Saracenaria italica. Epistomina elegans. 

Poriferan spicules and pieces of siliceous sponge skeletons are fairly common, but 
for the most part microscopic. The coarse sievings from a large bulk of deposit yielded 
a few worn coral fragments, a few mollusc shells, Echinoderm remains, and pieces of 
calcareous rock containing shell fragments and Foraminifera. 

Station 153: Maldive Area; depth 256 metres; pieces of calcareous rock and a 
few animal remains from a dredge sample of the bottom are the only materials available. 

The following Foraminifera are represented : 
Pelagic :-

Globorotalia canariensis. Tretomphalm bulWides. 
Gl. crassa. 

Benthic :-
Textularia conica. Angulogerina carinata. 
Nodosaria scalaris. Cibicides reful{Jcns. 
Robulus sp. C. biserialis. 
Marginulina sp. Planorbulinoides retinaculata. 
Marginopora vertebralis. Miniacina miniacea. 

Fragments of Lamellibranchiata, Gasteropoda (incl. Xenophora sp.), Echinodermata, 
Corals (Diaseris sp.), Crustacea and Polychreta and otoliths occur sparingly. Shell 
fragments and Foraminifera can be seen in the calcareous conglomerate. 

Station 156: Maldive Area; depth 1317 metres; 
ooze; mud 67'2%; organic remains 32'8%. 

Baillie rod sample; Globigerina 

Pelagic remains :-
Foraminifera. 

, I 
_,.; , 

GWbigerina bulloides. 
Gl. dubia. 
GWbigerinoides conglobata. 
Gl. rulna. 
G1. sacculifera. 
GkJbigerinella digitata. 

Orbulina umversa. 
Pu1leniatina obliquiWcuZata. 
SphceroidineUa dehiscens. 
Globorotalia canariensis. 
Gl. menardii, 
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Benthic remains :
Foraminifera. 

Clawlina communis. Epistomina elegans. 
Nodosaria pauperata. Oibicides lobatulus. 

A few fragments of Coral (? Ga/o,xea 8p.) are present. 

Station 157: Maldive Area; depth 229 metres; calcareous rock. 
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Very few incrusting organisms are presep.t. The Foraminifera, Carpenteria nwnti
cularis, C. proteijormis and C. utrimdaris are present, and also the Stylasterine Cryptohelia 
stenopoma. A few young solitary corals and fragments of Oculinidre and Flabellum sp. 
occur. The following Pteropoda occur : 

Cuvierina columnella. 
Cavolinia gibbosa. 
C. globulosa. 

Cavolinia longirostris. 
C. uncinata. 

Station 158: Maldive Afea; depth 914 metres; 
careous rock as at the previous station. 

coarse Agassiz sample only; cal-

Pelagic remains:-
Foraminifera. 

Globigerina bu/l.oid.es. 
Globigerinoides oonglobata. 
Orbulina universa. 

Benthic remains:
Foraminifera. 

Clavulina communis. 
Sorites marginalia. 
Bulimina ovata. 
Gyroidina soUani. 

PuUeniatina obliquiloculata. 
Globorotalia menardii. 

Oancris auriculus. 
Laticarinina pauperata. 
Cibicides lobatulus. 

Molluscan remains are rare. Only one species of Pteropod, Caoolinia uncinata, is 
present. Brachiopod valves, a shell of Verruca sp., and Oryptohelia sp. were found . 

. Station 159: Maldive Area; depth 1280 metres; trawl samples; cream-coloured 
calcareous, probably coral, mud; mud 94'5%; organic remains 5'5%. 

Pelagic remains :
Foraminifera. 

Globorotalia oanaf'iensis. Globorotalia crassa. 
Pteropoda. 

Creseis acicula. Hyalocylis striata. 
Benthic remains:-

Foraminifera. 
Textularia agglutinans. Triloculina oblonga. 
T. joliacea. I T. tricarinata. 
Gaudryina baccata. Oymhawporetta bradyi. 
SpiroWculina grateloupi var. O. squamosa. 

acescata. ·Oymbaloporella UlbeUaJjormis. 
Young hyaline shells of Lamellibranchiata and Gasteropoda make up the rest of the . . 

orgawc rema1D8. 
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Station 160: Maldive Area; depth 37 metres; Priestman grab samples; coral mud 
smelling of H2S; mud 94'6%; organic remains 5'4%. 

Chief components. Frequency. 
Crustacea. 
Lamellibranchiata 
Gasteropoda 
Pteropoda. 
Halimeda . 
Other animals 
Calcareous residue 

Pelagic remains:-
Foraminifera. 

Glob-igerina bulloides. 
GZ. dubia. 
Globiger'inoides ronglobata. 
GZ. ruhra. 
Gl. saceuZifera. 

Pteropoda. . 
CresC'is aoicula. 
Diaoria quadridentata. 

Benthic remains :-
Foraminifera. 

Bathysiphon jiZiformis. 
Aschemonella ramuliformis. 
Trochamminoides proteus. 
Glatvulina communis. 
Pyrgo vespertiZio. 

VC 
A 
F 
A 
R 
R 
C 

A few fish-bones are present in this deposit. 
at this station than elsewhere. 

% coarse material. 
10'0 
36'6 
10'7 
20'6 
I'S 
0'4 

19'9 

100'0 

Globigerinella digitata. 
Orbulina universa. 
Globorotalia canariensis. 
Gl. crassa. 
GZ. menardii. 

CavoZinia lnngirostris. 

Dentalina emaoiata. 
N odosar'ia pyrula. 
N onion bouean~tm. 
Epistomina elegans. 
Laticarinina pauperata. 

% deposit. 
0'5 
2'0 
0·6 
1'1 
0'1 
tr. 

1'1 

5'4 

Glob-igerinella digitata is much commoner 

Station 161 : lIaldive A.rea; depth 46 metres; Priestman grab samples; coarse 
coral and shell sand and mud; mud 68'5%; organic remains 31'5%. 

Chief components. Frequency. 
Foraminifera A 
(Alveolinella boscii) (A) 
Coral H 
Polychreta R 
Echinodermata . R 
Crustacea R 
Lamellibranchiata C 
Gasteropoda C 
Halimeda . C 
Other remains A 

% coarse material. 
14·0 
(4'1) 
1·8 
0·5 

'0·2 
0·7 

12·1 
19·9 
7·8 

43'0 

100·0 

% deposit. 
4'4 

(1'3) 
0'5 
0'2 
0'1 
0·2 
3'8 
6'3 
2'4 

13'6 

31'5 
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Pelagic remains:-
Only a few fragments of Pteropoda. 

Benthic remains;
Foraminifera. 

Textularia co/,Iiki,na. 
T. conica. 
T·foliacea. 
Massilina australis. 
E1phidium craticulatum. 
E1. crispum. 
Operculill,ella cumingi. 
Operculina granulosa. 
H eterostegina depressa. 

Marginopara vertebralis. 
Borelis melo. 
Alveolinella boscii. 
Amphistegina radiata. 
Calcarina defranci. 
H omotrern.a rubrum. 
Sporadotre?na cylindricum. 
M iniacina miniacea. 
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Corals are represented by worn fragments of perforate corals and by small specimens 
of Diaseris sp. Many of the 'Polychret tubes are formed of agglutinated Foraminifera and 
shell fragments. The abundance of tests of Alveo1ineUa boscii and Opercu1inella cumi11,gi is 
noteworthy. 

Station 163: Maldive Area; depth 274 metres; Priestman grab samples; greenish
white mud with coral and shell sand; mud 64'1 %; organic remains 35'9%. 

Chief components. Frequency. 
Foraminifera 
Alcyonaria 
H ydrocorallirue . 
Corals 
Polyzoa 
Echinodermata . 
Crustacea. 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Pisces 
Halimeda . 
Other remains 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
G1. dubia. 
Glo&igerinoides CO'nglobata. 
G1. sacculifera. 

Pteropoda. 
Limacina inflata. 
Creseis acicula. 
C,. virgula. 
Clio cuspidata. 

C 
F 
F 
F 
F 
F 
F 
F 
VC 
R 
R 
F 
A 

% coarse material. % deposit. 

4'5 1·6 
1·2 0·4 
1'2 0·4 
4'1 1,5 
2,8 1·0 
2,3 0'8 
4·9 1·8 
5,7 2'1 

19,0 6·8 
0'9 0·3 
0'8 0·3 
3'4 1·2 

49·2 17,7 

100'0 35'9 

Orbulina universa. 
Pulleniatina obliquiloculata. 
Globorotalia menardii. 

Diacria quadridentata. 
Cavolin·ia uncinata. 
Atlanta sp. 
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Benthic remains:-
Foraminifera. 

Textularia rugosa. 
Triloculina oblonga. 
Lenticulina rotulata. 
Operculinella cumingi. 
Operculina granulosa. 
H eterostegina depressa. 
H. opcrculinoides. 
H. suborbicularis. 
Sorites marginalis. 
Amphisorus hemprichi. 
M arginopora vertebralis. 

Borelis melo. 
Alveolinella boscii. 
Uvigerina pygmcea. 
Rotalia calcar. 
Amphistegin,a radiata. 
Calcarina defranci. 
Chilostomella ovoidea. 
Homotrelna rubrum. 
SporadotreJna '1nesentericum. 
Miniacina miniacea. 

The Gasteropod remains are riddled with holes presumably the borings of sponges 
or algre. The green colour of this deposit appears to be due to the presence of organic 
matter and chlorophyll and not to glauconite (see PI. III, fig. 5). 

Station 164: Maldive Area; depth 183 metres; Priestman grab samples; greenish 
calcareous sand and mud, chiefly shell and coral debris; mud 69'5%; organic remains 
30'5%. 

Chief components. Frequency. 
Foraminifera 
Alcyonaria 
Corals 
Polychreta 
Polyzoa 
Echinodermata . 
Crustacea 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Halimeda . 
Other animals 
Other remains 

Pelagic remains:-
Foraminifera:. 

Globigerina bulloides. 
GZ. dubia. 
Globigerinoides conglobata. 
Globigerinella cequilateralis. 
Orbuli'na universa. 

Pteropoda. 
Limacina inflata. 
Creseis acicula. 
Clio pyramidata. 
Diacria quadridentata. 

C 
F 
VC 
F 
VC 
R 
F 
F 
VC 
R 
VO 
R 
VC 

% coarse material. 
4'8 
1·1 

16'8 
2'6 
6·3 
0·9 
4'6 
5'2 

24'1 
0'5 

U'5 
0'1 

21'5 

% deposit. 
1·5 
0·3 
5·1 
0'8 
1·9 
0·3 
1·4 
1'6 
7'3 
0·2 
3'5 
tr. 
6'6 

100'0 30'5 

Pulleniati'na obliquiloculata. 
Sphceroidinella dehiscens. 
Globorotalia canariensis. 
GZ. menardii. 

Cavolinia longirostris. 
C. uncinata. 
Atlanta sp. 
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Benthic remains:
Foraminifera. 

Textularia agglutinans. Heterostegina suborbicularis . 
. T. rugosa. SO'I'ites margina1is. 

Verneulina triquetra. BO'I'elis mel.o. 
Gaudryina rugul.osa. A1veo1inella boscii. 
Pyrgo denticulata. \ lWtalia calcar. 
Lenticu1ina d'Orhignyi. Amphistegina radiata. 
L. rotulata. I Gakarina defranci. 
Nodosaria subscalaris var. Gymhal.opore1ta bradyi. 

paucicostJUa. Planorbu1inella larvata. 
Lingu1ina grandis. Gypsina gl.obu1us. 
E1phidium craticulatum. Homotrema rubrum. 
Operculine1la cut:ningi. SpO'I'adotrema cy1indricum. 
Opercu1ina gaimardi. Sp. mesentericum. 
H eterostegina depressa. M iniacina miniacea. 
H. operculinoides. 
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A few fragments of Hydrocorallinre atld Scaphopoda and otoliths occur. The green 
colour again appears to be due to organic tllatter. 

Station 165: ~Ialdive Area; depth 366 metres; Priestman grab sample; greenish 
calcareous sand; mud 13'7%; organic retllains 86'3%. 

It is poBBible that this sample is noi' intact, some of the fine mud having, in all 
probability, been washed out. 

Pelagic remains :-
Foraminifera. 

Gl.obigerina bulloides. 
Gl. dubia. 
GWbigerinoides collglobata. 
G1. sacculifera. 

Pteropoda. 
Limacina bulimoides. 
L. injWta. 

Benthic remains :-
Foraminifera. 

• 

Orbulina universa. 
Pulleniatina obliquiloculata. 
SphaJroidinella dehiscens. 
Globorotalia menardii. 

Cavoli'nia longirostris. 
.Atlanta sp. 

Reophax sp. Elphidium crispum . 
.Ammobactdites c~reum. H eterostegina suborbictdaris. 
Textularia sp. AmphisO'l''US hemprichi. 
Quinqueloculina sp. A1veolinella boscii. 
Pyrgo denticulata. Garwris auriculus. 
P. vespertilio. Amphistegina radiata. 
Bilocu1inella gl.obula. Galcarirta defrand. 
Dentalina filifo'flnis. ill iniacina miniacea. 

Fragments of Alcyonaria, Echinodermata, Pteropoda, Gasteropoda and Lame lli
branchiata occur, but there is no large amount of sifted material from which to work out 

their relative abundance. 
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Station 166: Central Arabian Sea; depth 4793 metres; Bigelow sample; pure Red 
clay with only a trace of calcium carbonate. Neither calcareous nor siliceous remains 
were found in this deposit. 

Station 167: Central Arabian Sea; depth 4042 metres; Bigelow sample; transitional 
between Globigerina ooze and Hed clay; mud 86·6%; organic remains 13·4%. 

Pelagic remains (see PI. II, fig. 6) :-
Foraminifera. 

Globigerina bulloides. Sphmroidinella dehisoens. 
Globigerinoides conglobata. Globorotalia menardii. 
Pulleniatina obliquiloculata. Gl. tumida. 

No benthic remains were found in this deposit. Radiolarian skeletons were present 
but rare. 

Station 170: Central Arabian Sea; depth 3676 metres; Baillie rod sample; 
creamy-grey Globigerina ooze. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides rubra. 

Diatoms. 
Coscinodiscus sp. 

Globigerinoides sacculiJera. 
Globorotalia menardii. 
Gl. tumida. 

XO benthic remains were found. This ooze is exceedingly fine, and contains very few 
whole Foraminiferal tests and no other calcareous organisms. Siliceous remains are 
represented by Coscinodiscus sp. and a few Radiolaria, including Lithocircus sp. 

Station 173: Central Arabian Sea; depth 4499 metres; Bigelow sample; Globi
gerina ooze; mud 76·6%; organic remains 23·4%. 

Pelagic remains :
Foraminifera. 

Globigerina bulloides. 
GZ. dubia. 
PuZleniatina obliquiloculata. 

Benthic remains :
Foraminifera. 

Globorotalia menardii. 
Gl. tumida. 

Nodosaria sp. ChilostnmeUa ovoidea. 
Siliceous remains are represented by Coscinodiscus sp., Radiolaria and Poriferan 

spicules; all are rare. 

Station 175: Gulf of Aden; depth 1618 metres; Bigelow sample; green calcareous 
mud; mud 89·7%; organic remains 10·3%. 
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Pelagic remains :-
Foraminifera. 

Globiger·ina bulloides. 
GZ. dubia. 
Globigerinoides ruhra. 
GZ. sacculifera. 
Hastigerina pelagica,. 
Orbulina universa. 

Benthic remains :-
Foraminifera. 

Sigmoilin.a edwardsi. 
Pyrgo murrhina. 
P. sarsi. 
N onion umbilicatulum. 

Pulleniatina obliquiloculata. 
Globorotalia canariensis. 
GZ. crassa. 
Gl. menardii. 
Gl. tumida. 

Buliminl], aculeata. 
B.pyrula. 
V irgulina squamosa. 
Uvigerina pygmrea. 
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A few otoliths, sponge spicules, Radiolaria and Coscinodiscus sp. are present. The 
green colour is largely due to the presence of organic matter. 

Station 176: Gulf of Aden; depth 695 metres; Agassiz trawl sample; green copro
litic and Globigerina mud; mud 44'6%; frecal pellets and fine animal remains 49'3% ; 
larger organic remains 6·1 %. 

Chief components. Frequency. 

Foraminifera 
Foraminifera (as Polychret 

tubes) 
Porifera 
Corals 
Polychreta 
Echinodermata . 
Crustacea. 
Lamellibranchiata 
Gasteropoda 
Pteropoda. 
Scaphopoda 
Pisces 
Other remains 

Pelagic remains :-
Foraminifera. 

Globigerina bttlloides. 
Gl. dubia. 
Globigeri)widcs sacculifera. 
Orbulina universa. 

A 

A 
R 
F 
R 
F 
R 
C 
YC 
YC 
F 
C 
R 

% coarse material. 

4·7 

16'9 
0·2 
6·1 
0·6 
2·3 
0'4 
9·2 

27·9 
18·2 
3'7 
6·2 
3'6 

100'0 

Pttlleniatina obliqttilooulata. 
Globorotalia canariensis. 
Gl. menard·ii. 

% deposit. 

0·3 

1'0 
tr. 

0·4 
tr. 

0·2 
tr. 

0·6 
1'7 
1'1 
0·2 
0·4 
0·2 

6'1 



90 JOHN MURRAY EXPEDITION 

Pteropoda. 
Limacina inftata. 
Creseis acicula. 
Hyalooylis stf'iata. 
Clio pyramidata. 
Cuvierina oolumneUa. 

Benthic remains;-
Foraminifera. 

Diacria quadridentata. 
Cavolinia longirostris. 
C. uncinata. 
Atlanta sp. 

Ammobaculites calcareum. Nodosaria radicula. 
Spiroplectammina milletti. N. subscalaris. 
Textularia sagittula. Uvigerina pygmcea. 
Gaudryina bacoo.ta. Siphogene:rina striata var. curta. 
Clavulina communis. Epistomina elegans. 
Spirolooulina depressa. Carwris auriculus. 
PJj1'go murrhina. Ehrerihergina pacifica. 
Robulus calcar. Chilostomella ovoidea. 
Lenticulina calcarata. Planulina wuellerstorfi. 
Nodosaria flinti. Cibicides lobatulus. 

Vertebrre, other bones and otoliths of fish, and sharks' teeth occur in this deposit. 
Lamellibranch remains are common, including Cuspidaria sp., and Amussium sp. Gastero
pod remains include broken shells of XfmOJJhma, Ranella, Pleurotoma, Solarium and 
Ianthina . . Scaphopoda are more frequent than usual; a few fragments of Cephalopod 
jaws occur. Many of the Polychret tubes are formed almost entirely of Foraminifera, 
particularly Globorotalia menardii. These agglutinated tubes have been assessed separately 
in the above table. Small Globigerinm are very common in this deposit, and form roughly 
half of the 49'3% of frecal pellets and fine remains. Mineral grains, larger than silt size, 
are very rare at this station. 

Station 178; Gulf of Aden; depth 91 metres; Priestman grab samples; green, 
calcareous sand; fine sand 76'0%; organic remains 24'0%. 

Chief components. Frequency. % coarse material. % depoait. 

Foraminifera R 1'0 0·3 
Polychreta R 1'0 0'3 
Polyzoa R 0·4 0'1 
Echinodermata . R 1-4 0'3 
Crustacea. R 0'9 0·2 
Lamellibranchiata F 7·7 1'9 
Gasteropoda VC 20'8 5'0 
Pteropoda R 0'1 tr. 
Scaphopoda R 0'1 tr. 
Pisces R 0'8 0·2 

Lithothamnion R 2'9 0'7 
Other remains A 62'6 14-9 

Quartz grains R 0·3 0-1 

100'0 24'0 
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Pelagic remains :
Foraminifera. 

Globigerina buUoides. 
Pteropoda. 

Oreseis acicula. 
Olio pyramidata. 

Benthic remains :-
Foraminifera. 

Oavolinia longirostris. 

Haplophragrn,oUes grandiformis. Elphidi'Um macell'Um. 
Textularia agglutinans. Operculina gaimardi. 
Spiroloculina grateloupi. O. granulosa. 
Triloculina tricarinata. [/eterostegina operculinoides. 
Robulus sp. SO'1"~ '1fI.a'fgi'ftalis. 
Nodosaria scalaris. Rotalia papillosa. 
Vagin'Ul£na linefl,ris. Amphistegina ,radiata. 
Sigmoidella elegantissima. Planorbulinella larvata. 
Polymorphina ovata. M iniacina miniacea. 
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A few Scaphopoda of the genus OadfJ[us and a few fragments of the bivalve, Venus 
torresiana, occur. Apart from the Gasteropoda and to a lesser extent the Lamellibranchiata 
all the remains are rare. Alcyonarian spicules and small solitary corals occur occasionally. 

A large proportion of the organic remains are worn and unidentifiable calcareous 
grains. Identifiable remains are compara.tively rare. Very little fine mud is present in 
the samples. This may be due to washing during the passage of the material through the 
water. Alternatively, this may be the ntLtural state of the deposit, especially as all the 
remains are much broken and worn, and often rounded as if water-worn (see PI. II, fig. 2). 

Station 179a: Gulf of Aden; depth 310 metres; Priestman grab and Agassiz trawl 
samples; green, sandy mud; mud 84·8%; organic remains and rock fragments 15·2%. 

Chief components. Frequency. % coarse material. 

Lamellibranchiata C 9·1 
Gasteropoda F 9·4 
Pteropoda VC 14·4 
Scaphopoda C II·I 
Other remains A 56·0 

100·0 

The " Other remains" are chiefly rock fragments. 
Pelagic remains :-

Foraminifera. 
Globigerina bullnides. 
Gl. dubia. 
Globigerinoides ronglobata. 
Gl. sacculi/era. 

GlOOigef.ineUa requilateralis. 
Orbulina uni·versa. 
Globorotalia canaf'iensis. 
Gl. menardii. 

% deposit. 

1·4 
1·4 
2·2 
1-7 
8-5 

15-2 



92 JOHN MURRAY EXPEDITION 

Pteropoda. 
Limacina inflata. 
L. trochifarmis. 
Creseis acicula. 
Cr. t";'rgula. 

Benthic remains :-
Foraminifera. 

Clio pyramidata. 
Cavolinia longirostris. 
Atlanta sp. 

Textular·ia sagittula var. atrata. Uvigerina pygmwa. 
Jlassitina aust-ral-is. U. tenuist·riata. 
SpiroZoculina grateZoupi. Siplwgenerina bifrons. 
Nonion scaphwn. Angtt/ogerina carinata. 
Bulimina pupaides. Caneris auriculus . 

. Both'ina a mygdalwformis. CymbaZo}Joretta bradyi. 
B. beyr·ichi. Cymbaloporella tabellaformis. 
B. simpsoni. Chilostomella ovoidea. 
Uvigerina brunnensis. Cibicides lobatulus. 

Animal remains in this deposit form only (3'7% of the 15'2% coarse material given in 
the above table. The rest of this is rock fragments and some unidentified particles. 
Otoliths and Echinoderm remains occur infrequently. The Pteropod remains are all 
broken with the exception of the small shells of Limaaina. Primordial shells of Creset's 
and Clio are very common in the fine material sifted out. 

Station 179b: Gulf of Aden; depth 275 metres; Priestman grab samples; green, 
sandy mud; mud 92'2%; organic remains 7'8%. 

Chief components. Frequency. 
Corals 
Polychreta 
Echinodermata. 
Crustacea. 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Pisces 
Other remains 

Pelagic remains :
Foraminifera. 

Globigerina bulloides. 
Globigerinoides sacC'I.#lifera. 

Pteropoda. 
Limacina inflata. 
L. trochiformis. 
Creseis acicula. 
Cr. ·virgula. 
H yalocylis striata. 

R 
R 
A 
R 
VC 
VC 
VC 
R 
F 

% coarse material. 
1·2 
1·7 

24·7 
1·3 

19·ij 
27·5 
13·5 
1·0 

10·1 

100·0 

Globiger·inella wquilateralis. 
Globorotalia menardii. 

Clio pyramidata. 
Diaeria quadridentata. 
Cavolinia longirostris. 
C. uncinata. 
Atlanta sp. 

% deposit. 
0·1 
0,1 
1·9 
0,1 
1,5 
2,1 
1·1 
0,1 
0,8 

7,8 
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Benthic remains :-
Foraminifera. 

Textularia [ffamen. 
T. pseudocarin.ata. 
Spiroloculina depressa. 
Trilooulina sp. 
Robulus sp. 
Elphidium crispum. 

H eterostegina operculinoides. 
Uvigerina pygmcea. 
Amphistegin.a radiata. 
Ehrenbergina pacifica. 
Carpenteria utricularis. 
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Fragments of Lithothamnwn and sponge spicules occur rarely. Valves of Venus 
torresian.a are common. 

Station 180: Gulf of Aden; depth 397 metrf's; Priestman grab samples; green 
sandy mud; mud 92'7%; organic remains 7'3%. 

Chief components. Frequency. 

Foraminifera 
Echinodermata . 
Crustacea. 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Scaphopoda 
Pisces 
Other remains 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides conglobata. 
Gl. rubra. 

Pteropoda. 
Limacina i~f{J,. 
Creseis acicula. 
Cr. virgula. 
H yalocylis striata. 
Clio pyramidata. 

Benthic remains :-
Foraminifera. 

F 
C 
R 
A 
R 
A 
F 
F 
R 

% coarse material. 
\ 

0,1 
7·6 
0'1 

54·6 
5·0 

26'3 
2·3 
3·2 
0'8 

100'0 

Gl<Jbigerinoides sacculijcm. 
Globigerinella mquilateralis. 
Orbulina universa. 
Globorotalia me1U1rdii. 

Diacria quadridentata. 
Cavolinia long1:rostris. 
C. uncilU1ta. 
Atlanta sp. 

Haplostiche dubia. \ Bulimi·na pupoides. 
A mmoriUlrginuli·'I'U1 foliacea. B. pyrula. 
Textular£a gocsi. Uvigerina pygmaa. 
LenticulilU1 sp. AugulogerilU1 carin.ata. 

% deposit. 

tr. 
0'5 
tr. 

4'0 
0'4 
1'9 
0·2 
0·2 
0'1 

7·3 

Elphidiwn jenseni. . 
The commonest constituents are Limacina shells, closely followed by those of Creseis. 



JOHN MURRAY EXPEDITION 

Globigerina spp. and freeal pellets are next in order of frequency. The latter make up 
almost half of the finer material. Shell remains are almost all of Venus torresiana, with a 
few fragments of Amussium or related genus. Many of the valves show holes bored by 
carnivorous Gasteropoda. A species of CaduZus is represented among the Scaphopod 
remams. 

Station 181 : Gulf of Aden; depth 1982 metres; 
mud 75'6%; organic remains 24'4%. 

Bigelow sample; I Globigerina ooze: 

Pelagic remains :-
Foraminifera. 

GWbigerina buZloides. 
GZ. duhia. 
Globigerirwides conglobata. 
GZ. rubra. 
Orbulina universa. 
Pulleniatina obZiquiloculata. 

Benthic remains:-
Foraminifera. 

Globorotalia canaf"'iensis. 
GZ. crassa. 
GZ. menardii. 
Gl. truncatulinoides. 
Gl. tumida. 

Clavulina communis. Lagena distoma. 
Pyrgo dqwessa. Planulina wuellerstorfi. 

A few sponge spicules are the only other benthic remains. These and rare Radiolaria 
are the only siliceous structures in this deposit. 

Station 183: Gulf of Aden; depth 1I05 metres; Bigelow sample; calcareous green 
mud; mud 93'4%; organic remains 6'6%. The following Foraminifera were the only 
calcareous organisms present : 

Pelagic species :-
Globigerina bulloides. 
Gl. duhia. 
Globigerinoides rubra. 
Orbulina universa. 

Benthic species:-
Pyrgo depressa. 
Lagena marginata. 
Bulimina aculeata. 
V irgulina subsquamosa. 

Pulleniatina obliquiloculata. 
Globorotalia canariensis. 
Gl. menard~·i. 
GI. tumida. 

Bolivina robusta. 
Uvigerina asperula. 
Epistomina elegans. 

A very few sponge spicules were the only siliceous remains found. 

Station 184: Gulf of Aden; depth 1270 metres; Bigelow and Agassiz trawl samples: 
green mud bordering on Globigerina ooze; mud 89'9%; organic remains 10'1 %. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides rubra. 
GI. sacculiJera. 
Orbulina universa. 

Pulleniatina obliquiloculata. 
Globorotalia canaf"'iensis. 
GZ. crassa. 
Gl. menardii. 
Gl. truncatuZinoides, 
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Pteropoda. 
Cavolinia kmgirostris. 

Benthic remains :-
Foraminifera. 

Textularia flinli. 
T. semialata. 
SigrrwiZina schZumhe-rgeri. 

. Robulus sp. " 
Bulimina pupoides. 

Gyroidina soldani. 
Chilostomella ovoidea. 
Anomalina balthica . 
Plan'1.tlina wuellerstorfi. 
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This deposit is from the zone of transition from the shallow water green muds to 
Globigerina ooze. As might be expected, the usual green mud fauna is largely missing. 
lIollusca are rare and other groups appear to be absent. The number of species of benthic 
Foraminifera, characteristic of the green mud, is much reduced, and the contained tests 
are largely those of pelagic s.pecies found most commonly in Globigerina ooze. In this 
particular deposit Globorotalia Tflenardii is very abundant, being as common as the species 
of Globigerina taken together. The deposit might almost be referred to as a " Globorotalia 
mud ". 

There are numerous chitinous tubes of Polychreta in this deposit each with a com
pacted outer layer of mud. These tubes are so numerous that they must tend to bind 
the deposit together into a more solid layer than would otherwise be the case. 

Station 185: Gulf of Aden; depth 2001 metres; Bigelow and Agassiz trawl samples; 
greenish-brown calcareotts mud; mud 90'5%: organic remains 9'5%. 

P(>lagic remains :-
Foraminifera. 

Globigerina bulloide..-:. 
GZ. dubia. 
Globige-r·inoide.s conglobata. 
GZ. rubra. 

Benthic remains :-

HI, 2. 

Foraminifera. 
Rhabdammina abyssorum. 
Rh. abysso-m}n ,~ar. radiata. 
Cr·ithionina pisum var. hispida. 
Rhizatnmina indivisa. 
Storthosph(f!'f'a albida. 
Saccammina sphmrica. 
Tlwlosina bulla. 
H yperamrnina jriabilis .. 
Reopltax baciZlaris. 
R. lwdulosus. 
Am1nodiscus exsertus. 
Am. incerttts. 
? Glomospira gordialis. 
Amnwlagena. clamta. 
H aplophragmQides subglobo8t(,m. 

Orbulina universa. 
Pullem'.atina obliquiloculata. 
Globorotalia menardii. 

• 
Cyclammina pauciloculata. 
Gatul:ryina robusta. 
Clav1tlina communis. 
Quinqueloculina auberiana; 
Q. procera. 
SigmO'ilina schlmnbergcri. 
Pyrgo ano-mllla. 
P. depressa. 
P. serraia. 
P. l'1.tC(jfnuia.. 
P. mutthina. 
Planispirina sphCl"ra. 
Trochammina globigeriniformis. 
Lenticulina sp. 
Planularia ? albatr08si. 

9 
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Nonion 'Umhilicatulum. Epistomina elegans. 
Gyroidina soldani. Planulina ariminensis. 

This deposit contains very large numbers of Rhabdammina abyssorum. The residue 
left after washing out the mud consists almost entirely of this species (see PI. IV, fig. 2). 
The deposit may be compared with that described by Schmelck {I882, p. 4) from the 
Arctic Ocean between Spitzbergen and Norway. This deposit, however, appears from 
the description to be only slightly calcareous and very clayey, being a variety of the grey 
clay covering the floor of the Arctic Ocean in this region. 

Station 188: Gulf of Aden; depth 528 metres; Agassiz trawl samples; green mud, 
very poor in animal remains; mud 97'1 %; organic remains 2'9%. 

Chief components. Frequency. 
Foraminifera 
Corals 
Echinodermata . 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Scaphopoda 
Pisces 
Other remains 

Pelagic remains :-
Foraminifera. 

Globigerina bulbJides. 
Gl. dubia. 
Globigerinoides congWbata. 
Gl. rubra. 
Gl. sacculifera. 

Pteropoda. 
Limacina bulimoides. 
L. inflata. 
L. trochiformis. 
creseis acicula. 
Cr. virgula. 
Hyalocylis striata. 
Styliola s'Ubula. 

Benthic remains:-
Foraminifera. 

Rhabdammina abyssorum. 
Rhizammina sp. 
Ammolagena clavata. 
c'1'ibrostomoides bradyi. 
Ammoma'1'ginulina foliacea. 
Verneulina tri<Juetra. 

R 
R 
R 
C 
.c 
A 
VO 
VO 
R 

% coarse material. 
1'9 
2·2 
1·2 

U·8 
18'6 
38'2 
12'6 
U'9 
1'6 

100'0 

Orbulina universa. 
Pulleniatina obliquiloculata. 
Globorotalia eana'1'iensis. 
Gl. menardii. 

Clio pyramidata. 
Diacria quadridentata. 
D. t'1'ispinosa. 
cavolinia /.ongi'1'ost'1'is. 
c. uncinata. 
Atlanta sp. 

V. variabilis. 
Clavulina parisiensis. 
Massilina a'1'enaria. 
T'1'iloculina ci'1'cula'1'is. 
Pyrgo depressa. 
Robult#J calcar, 

% deposit. 
0·1 
0·1 
tr. 
0·3 
0'5 
1'1 
0'4 
0·4 
tr. 

2'9 
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R. iota. 
Lenticulina rotulata. 
Nodosaria perversa. 
Glandulina radicula. 
N onion 1 exponens. 
Elphiaium craticulatum. 
H eterostegina suborbicularis. 
Bulimin'l affinis. 

B. elongata. 
B. pupoides. 
B. pyrula. 
B. pyrula var. spinescens. 
Uvigerina asperula. 
U. pygmC13a. 
Ehrenhergina pacifica. 
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Shells of the Pteropods, Diacr·ia qu'1dridentata and Limacina spp., are the commonest 
organic remains in the deposit. 

Btati~n. lS~·. Gull: ~l A.d~n.·, d~pth ~l m~tt~·, 'Pti~\;tma1\ ~ab 'i!.?mpl\'$·, \'!,?1\dy 
green mud; mud 71'4%; organic remains 2S·6%. 

Chief components. Frequency. 
Foraminifera 
Polyzoa 
Echinodermata . 
Crustacea. 
Lamellibranchiata 
Gasteropoda 
Pteropoda. 
Scaphopoda 
Pisces 
Other remains 

Pelagic remains :--
Foraminifera. 

Globigerina bulWides. 
Gl. dubia. 
Globigerinoides sacculifera. 

Pteropoda. 
Limacina injlata. 
Clio pyramidata. 
Diacria quadridentata. 

Benthic remains :-_ 
Foraminifera. 

T exttdaria pseuiWcarinata. 
T. rhomhoidalis. 
Quinqueloculina sp. 
Spiroloculina depressa. \ 
Sp. grateloupi. 
Trilocttlina tricarinata. 
Robulus echinatus. 
Robulus sp. 
Nodosaria suhscalaris. 

R 
R 
R 
F 
VC 
A 
R 
F 
R 
C 

N. subsoo{.a,.is Y~l. pnucioostat6. 

% coarse material. 
O·S 
0·6 
0·4 
2·8 

21·9 
53·6 
1·5 
1·4 
0·4 

16·6 

100·0 

Orbulina universa. 
Globorotalia menardii. 

Cavolinia longirostris. 
C. uncinata. 

Vaginulina legumen. 
Sigmoidella elegantissima. 
N onion boueanum. 
Elphidium crispum. 
Operculina granulosa. 
Bolivina {l1nygdala3formis. 
Rotalia papillosa. 
Carwris auriculus. 
Amphistegina radiata. 
C~ {oba.t~~. 

% deposit. 
0'3 
0·2 
0·1 
0'8 
6·3 

15'3 
0'4 
0'4 
0'1 
4'7 

28'6 
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None of the species of Foraminifera and Pteropoda are common. The Pteropoda 
and many of the benthic Foraminifera are worn or broken. Pelagic Foraminifera are 
very rare. Although a large percentage consists of molluscan remains there are very few 
intact shells, and these only of the smallest size. For the most part the shell fragments 
are small, worn and discoloured. This condition of the remains would indicate the presence 
of a current along the bottom here, removing the finer mud and rolling the calcareous 
particles about, thus gradually wearing them away. There is a small amount of H2S in 
the deposit. 

Station 190: Gulf of Aden; depth 183 metres; Priestman grab samples; green 
sand and mud; mud 57'2%; organic remains 42'8%. 

Chief components. Frequency. 

Echinodermata . 
Lamellibranchiata 
Gasteropoda 
Pteropoda. 
Scaphopoda 
Pisces 
Other remains 

Pelagic remains :-
Foraminifera. 

Gwbigerina bulloides. 
Gl. dubia. 
Gwbigerinoides ruhra. 
Gwbigerinella requilateralis. 

Pteropoda. 
Clio pyramidata. 
Dicwria quadridentata. 
Cavolinia longirostris. 

Benthic remains:-
Foraminifera. 

Textularia agglutinans. 
T. pseudocarinata. 
Clavulina tricarinata. 
8pirowculina depressa. 
8igmoilina schlumbergeri. 
TriWculina tricarinata. 

F 
A 
VC 
VC 
F 
R 
R 

% course material. 

5'0 
53'6 
21·3 
12'0 
3'8 
1,6 

2'7 

100'0 

Orbulina universa .. 
Candeina nitida. 
Gwborotalia canariensis. 
Gl. menardii. 

Cavolinia uncinata. 
Atlanta sp. 

Operculina granuwsa. 
Bulimina ovata. 
B. pagoda. 
Bolivina beyrichi. 
B. compacta. 
B. robusta. 

Robulus acutauricularis. Uvigerina pygmrea. 

% deposit. 

2·2 
22'9 
9'1 
5'1 
1'6 
0'7 
1·2 

42·8 

Robulus sp. Valvulineria alWmorphinoides. 
Nodosaria scalaris. Rotalia papillosa. 
Saracenaria italica. Gancris auriculus. 
N onion boueanum. Gibicides wbatulus. 

This deposit contains many Pteropod shells and borders on a Pteropod ooze. Corals 
and Polychreta are absent. Valves of Venus torresiana are abundant (see PI. II, fig. 1). 
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Station 191: Gulf of Aden; depth 274 metres; Priestman grab samples; green 
mud; mud 98'0%; organic remains 2'0%. 

Chief components. Frequency. 
Echinodermata . 
Crustacea. 
Lamellibranchiata 
Gasteropoda 
Pteropoda 
Scaphopoda 
Pisces 
Other remains 

Pelagic remains :-
Foraminifera. 

Gwbigerina bulloides. 
Gl. dub-ia. 
Gwb'igerinoides congwbata. 
Gl. rub-ra. 

Pteropoda. 
Lirnacina bulimoides. 
L. inflata. 
L. tfochijo'TInis. 
Creseis acicula. 
Cr. virgUla. 
H yalocylis str,iata. 

Benthic remains :-
Foraminifera. 

Textu,laria pseudocarin,ata. 
Clavulina tricarinata. 
Spiroloculina grateWupi. 
Robulus sp. 
N onion OOueatl-um. 
N. ? e:cponens. 
Bulimina ovata. 

F 
R 
A 
F 
C 
F 
R 
H 

% coarse material. 
2'5 
0'3 

69·9 
ll·2 
10'3 
3'8 
1'1 
0·9 

100'0 

Orbulina universa. 
Pulleniatina obliquiloculata. 
Globarotalia canariensis. 
Gl. menardii. 

Clio pyramidata. 
Diaaria quadridentata. 
Cavolinia longirostris. 
C. uncinata. 
Atlanta sp. 

Bulimina pagoda. 
B. pyrula. 
Uvigerina brunnensis. 
U. pygmma. 
Rotalia papiLWsa. 
Chilostomella ovoidea. 

% deposit. 
0'1 
tr. 
1·4 
0·2 
0·2 
0·1 
tr. 
tr. 

2'0 

Crustacean rcmains in the above table are chiefly the valves and compartments of 
various species of Cirripcdia. The animal material consists mainly of the valves of Venus 
torresiana. 

Station 192: Gulf of Aden; depth 366 metres ; 
mud; mud 97'7%; organic remaioo 2'3%. 

Priestman grab sample; dark green 

Pelagic remains :
Gwbigerina bulloides. 
Gt. dubia. 
Gwb-igerincUa mquilateral'is. 
Orbulin.a universa. 

Pullenidtina obliquilooulata. 
Candcilla H'itida. 
Globorotalia canariensis. 
Gl. menardii. 
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Pteropoda. 
Limacin.a inflata. 
L. trochijO'1'mis. 
Creseis acicula. 

Benthic remains :-
Foraminifera. 

Reophax sp. 
Textularia semialata 
TriloC'ulina trigonula. 
N onion botteanum. 
Bulimina ovata. 

Gasteropoda. 
Ranella sp. 

Lamellibranchiata. 

Cr. virgula. 
H yalocylis striata. 
Clio pyramidata. 
Atlanta sp. 

Bulimina pyrula. 
B. pyrula var. spinescens. 
Uvigerina b-runnensis. 
U. pygmrea. 
Cancris auriculus. 

P'tettrot01na sp. 

Amussium sp. Venus to'1'resiana. 
Valves of Venus to'1'resiana are frequent. Small fmeal pellets are common. Pteropod 

shells form about 80-85% of the coarse material, i. e. 1'8-1'9% of the deposit, but there is 
insufficient sifted material available to determine the proportions more accurately. 

Station 193: Gulf of Aden; depth 1061 metres; Agassiz trawl sample only; grey
green mud; mud 58'3%; organic remains 41'7%. 

This is a sifted trawl sample consisting of clinkers and large bivalves containing mud. 
The above percentages are based on this contained mud. It is possible that the mud in 
these shells is not representative of the deposit, as they may be filled by the finest mud 
drifting into them through the small space between the half-open valves. The deposit 
might be described as Globigerina mud as it approaches a Globigerina ooze. 

Pelagic remains :-
Foraminifera. 

Globigerina bulloides. 
Gl. dubia. 
Globigerinoides rtWra. 
GZ. sacculifera. 

Benthic remains :-
Foraminifera. 

Spiroplectanunina milletti. 
Clavuli'na communis. 
Spiroloculina grateloupi. 
Sigmoilin.a schZumhergeri. 
Robulus sp. 
Dentalina filiJO'1'mis. 
Vaginulvna legumen. 
N onion umbilicatulum. 
Bulimina ovata. 

Orbulina universa. 
Pulleniatina obliquiloculata. 
Globorotalia canariensis. 
GZ. menardii. 

Bulimina pymla. 
U tvigerina schwageri. 
Rotalia papiUosa. 
Cancris amiculus. 
Ehrenhergi'na pacifWa. 
An01nalina balthica. 
Planulina ariminensis. 
Laticarinina pauperata. 

Only one Pteropod shell, Clio pyramidata, occurred in this deposit. A few Gasteropod 
shells and Dentalium sp. and Crustacean remains occur. Chelre of a Stomatopod and of 
Polycheles sp. were found. 
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Station 204: Red Sea; depth 110 metres; Priestman grab sample; green Globi
gerina mud; mud 81'1 %; organic remains and carbonaceous grains 18'9%. 

Chief components. Frequency. 

Foraminifera 
Lamellibranchiata 
Gasteropoda 
Pteropoda. 
Other remains 

Pelagic remains :-
Foraminifer&. 

Globigerina bulloUks. 
Orbulina universa. 
Pulleniatina obliquiWcukUa. 

Pteropoda. 
Limwin,o, bulimoUks. 
L. inflata. 
L. trochiformis. 
{;reseis ~~. 
Cr. virgula. 
H yalooylis striata. 

Benthic remains :
Foraminifera. 

Ammobactdites calcareum. 

A 
C 
R 
R 
R 

Textulariq, sagitttda var. atrata. 
{;lavulina tricarinata. 
Planularia tricarineUa. 
Polymorphina ? complexa. 

, 

% coarse material. 

84'7 
11'7 
1'3 
1'5 
0'8 

100'0 

Globorotali,a canaf'iensis. 
Gl. menardii. 

Clio pyramidata. 
Diacria quadridentata. 
D. trispinosa. 
{;avolinia injlexa. 
C. longirostris. 
Atlanta sp. 

N onion booeanum. 
Bulimina pagoda. 
Uvigerina aculeata. 
U. pygmma. 

% deposit. 

16·0 
2·2 
0·2 
0·4 
0·1 

18'9 

Fragments of the Gasteropods RaneUa and RosteUari.a and of the Scaphopod Cadulus 
are recognizable. Larval Triforis shells are very common. There is much organic matter 
in this deposit which, with the green mineral grains, gives the deposit its colour. 

Station 206: Red Sea; depth 256 metres; Priestman grab samples; green Pteropod 
ooze; mud 24'7%; organic remains 75'3%. 

Chief components. Frequency. 

Foraminifera A 
Echinodermata . C 
Lamellibranchiata R 
Gasteropoda ., F 
Pteropoda A 
Pisces C 
Other remains F 

% coarse material. 

6·6 
3'1 
6·7 

60'5 
6·4 

16·7 

100·0 

% deposit. 

62·1 
0·9 
0·4 
0·9 
8·0 
0'8 
2·2 

75'3 
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Pelagic remains :-
Foraminifera. 

Gwbigerina bulwides. 
GZ. dubia. 

Pteropoda. 
Litnacina helici'na. 
L. inflata. 
Cresfd,s acicula. 
Cr. virgula. 
H yalocylis striata. 

Benthic remains :
Foraminifera. 

Orbulina universa. 

Clio pyramidata. 
Diacr,ia quadriden,tata. 
Cavolinia globulosa. 
C. longirQstris. 
Atlanta sp. 

T exlular'ia sp. Rotali,a papttWsa. 
Bolivina mnygdalmJormis. 

The large percentage of " Foraminifera" in the above table is composed mainly of 
Foraminifera. Some primordial shells of Pteropoda and freeal pellets are, however,· 
included in this amount as they are not easily separated. 

Almost all the groups that form calcareous skeletons are present in this deposit, but 
only those in the above table are present in sufficient quantity to influence the nature of 
the deposit. 

Station 207: Red Sea; depth 375 metres; Priestman grab samples; green Pteropod 
ooze; mud 65'7%; fine organic remains 22'0%; coarse organic remains 12'3% 

Chief components. 
(Foraminifera) 
Echinodermata . 
Gasteropoda 
Pteropoda. 
Pisces 
Other remains 

Pelagic remains:-
Foraminifera. 

Globigerina bulloides. 
Pteropoda. 

Limacina inflata. 
L. trochijormis. 
Crescis acicula. 
Cr. vi.,gula. 
H yalocylis st'riata. 

Freq'Oency. 
(0) 
VC 
F 
A 
VC 
R 

% coarse material. 

12'8 
6·3 

65'4 
10'3 
5·2 

100'0 

Globiger'inll dubia. 

Clio pymmidata. 
Dia(Jfia quad.,identata. 
Cavolinia longirostris. 
C. uncinata. 

% deposit. 
(11'0) 

1·6 
0'8 
8'1 
1·2 
0'6 

12'3 

The fine organic material (22'0%) consist."!, approximately, half of Pteropod fragments 
and half of Foraminifera. Hence the toto.l Pteropod part of the deposit is in the region 
of 19'1 %. 

This deposit is the most typical Pteropod ooze found by the expedition (see PI. III, 
fig. 1). 
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Station 209: Red Sea; depth 366 metres; coarse dredge sample only; the deposit 
appears to be greenish-brown mud with rock. 

Pelagic remains :-
Globigerina bulloides was the only pelagic Foraminiferan found. 
PteropQda. 

Limacina inflata. 
Oreseis acicula. 
Or. virgula. , 
H yalocylis striatd. 
Olio pyramidata. 

Benthic remains:-

Diacria quadridentata. 
Oavolinia globulosa. 
O. longirostris. 
O. uncinata. 
Atlanta sp. 

Only one Foraminiferan, Rhabdammina abyssoTum, was found. 
Corals. 

Oaryophyllia sp. Rhizotrochus sp. 
Flahellum sp. .. 

Gasteropoda. 
Oonus sp. Solar·ium sp. 

Fish otoliths and Echinoderm remains occur. A large part of the material preserved 
consists of unidentifiable calcareous rubble and rock fragments. 

The following stations were carried out from the motor-boat: 
Motor-boat Station I (b): Red Sea; depth 29 metres; sand, shell and coral bottom. 
The deposit is a fine sand containing fragments of most shallow-water calcareous 

organisms. AlveolineUa boscii and Ammodiscus sp. occur among the Foraminifera present. 

Motor-boat Station I (d): Red Sea; depth 26 metres; calcareous sand. 
The deposit is similar to the proceeding. Species of Textularia and Robulus are 

present. A few Ostracod valves occur and stray specimens of Cavolinia longirostris and 
C .. tridentata. 

, 
Motor-boat Station II (a)i: South Arabian Coast; depth 11 metres; dredge sample; 

calcareous shell sand. 
Large shell fragments are common. Pterop6da are rare, only Oreseis acicula being 

found. The following Foraminifera occur :
Quinqueloculina sp. 

o Elphidium sp. 
Sorites marginalis. 
Peneroplis pertusus. 

Motor-boat Station II (c): South Arabian Coast; d.~pth 29 metres; dredge sample; 
calcareous sand. 

This sample is similar to the preceding, but slightly coarser. Bolit>ina sp .. and 
Peneroplis pertusus were the only Foraminifera found. Fragments of Serpulid tubes and 
of Balanus' spp. are present. 
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III. DISTRIBUTION OF THE DEPOSIT TYPES. 

l. TOPOGRAPHY. 

In descriptions of the bottom configuration of the Arabian Sea various names have been 
proposed for the several deep areas or basins. In the present report I have adopted as a 
basis those proposed by Wlist (1936). He divides the Arabian Sea into two basins, a 
North-eastern "Arabian Basin" and a South-western" Somali Basin ", separated by the 
Carlsberg Ridge. In the light of present knowledge of the area this subdivision of the 
sea-bed is insufficient. First, the discovery of the .Murray Ridge parallel to the South 
Arabian Coast has disclosed a narrow, discontinuous deep area lying along this coast, 
continuous with a somewhat shallow basin at the mouth of the Gulf of Oman. For ease 
in the description of its deposits I propose to call this the " Oman Basin". Its south
eastern boundaries are the extension northwards of the Carlsberg Ridge, parallel to the 
Arabian coast, and South Bank, the most southerly of the series of ridges running in a 
south-westerly direction from Karachi (see Farquharson, 1936, chart ii). 

Secondly, soundings have indicated the probable existence of a ridge projecting out 
from the African coast in lat. 4° N., running East-south-east across the Somali Basin of 
Wlist, and probably meeting a similar ridge running towards it in a north-westerly direction 
from the north side of the Sara de Malha Bank. The Somali Basin thus appears to be 
divided into two, and I propose here to refer to its parts as the North and South Somali 
Basins. 

These basins are shown in Chart II, which is based on tracings of those prepared by 
Farquharson (1936). The basins are defined by the 1000 and 2000-fm. contours. 
Two slight alteratioll'3 have been made in the configuration of the bottom contours as 
originally drawn by Farquharson. Investigation of the hydrography has shown that a 
connection is necessary between the North Somali .Basin and the Arabian coastal portion 
of the Oman Basin to account for the occurrence of the bottom-water found there. In 
Chart II this connection is shown by uniting the closed 2000-fm. contour east of Socotra 
through the sm'lll 2000-fm. pltch south of it, to the corresponding contour of the North 
Somali Basin. There are no known soundings rendering this alternative charting of the 
contours impossible. 

A similar connection is postulated between the Chagos Archipelago and the Carlsberg 
Ridge, connecting the Arabian Basin and the Indian-Australian Basin. This, again, is 
not incompatible with our present knowledge of the soundings. The 2000-fm. contour 
immediately west of Owen Bank may be continued northwards across the two deep 
gullies to join the closed southern extremity of the same contour in the Arabian Basin. 
Accordingly this modification has also been made to the chart. 

2. DISTRIBUTION. 

Our knowledge of the distribution of the deposits in the Indian Ocean previous to 
the" John }Iurray" Expedition is summed up by Murray and Philippi in their chart 
published in the report on the" Valdivia" deposits and in that published by Murray in 
the report on the" Sealark" deposits. From the limited records then available they 

\ 
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showed the greater part of the Arabian Sea to be covered by Globigerina ooze, with a. 
patch of red clay in the area now termed the Arabian Basin and one of Radiolarian ooze 
in the South Somali Basin. A narrow belt of terrigenous muds, which is considerably 
wider at the northern end of the Arabian Sea, is shown extending round the coasts. Globi
gerina ooze is shown to extend as a continuous tongue into the Gulf of Aden, and a few 
isolated patches of Pteropod ooze are shown along the East Mrican coast and in the Red 
Sea. Coral muds and sands are shown around all the island groups falling within our 
present area. No attempt was made in the$e earlier reports to distinguish between those 
areas covered by pure Globigerina ooze and those deeper areas covered by an ooze con
taining a proportion of red clay and brownish or fawn in colour. In the present report 
I have endeavoured to make such a distinction. The Globigerina ooze areas have been 
divided into pure Globigerina ooze (pink on chart) and" transitional" ooze (orange on 
chart). The latter deposit is usually distinguishable on account of its finer texture, fewer 
Foraminifera and greater cohesion as compared 'with pure Globigerina ooze. The deposit 
is considerably more friable than red clay. It is simply l:!- mixture of red clay and 
Globigerina ooze, and its depth distribution lies between those of these two deposits. 

In Chart III the distribution of the deposit-types is shown as revised from Murray's 
charts in the light of recent discoveries in this area. The distribution of each type is 
briefly described below. 

(a) Brown, green and grey muds.-These terrigenous deposits (blue on charts) form a 
narrow belt along the African coast as far north as Ras Haflln. Off the Arabian and Indian 
coasts they form a much wider belt. This belt is considerably broader off the Arabian 
coast than was supposed by lIurray, but is of less extent than shown by him off the coast 
of Baluchistan. Off the Arabian coast it extends below the 2000-fm. line and fills part 
of the Oman Basin. These deposits floor the Gulf of Oman except for a small patch of 
Pteropod ooze at its western extremity. The bottom of the Gulf of Aden and Red Sea is 
covered with this deposit except for small patches of other deposits. 

(b) Globigerina ooze.-Pure Globigerina ooze (pink on charts) occurs, according to 
Murray, in the deep central trough of the Red Sea. In the Gulf of Aden it is not possible 
to lay down definite boundaries to this deposit owing to the very irregular contours of the 
bottom. The three patches shown on the chart are the only areas definitely known ; 
others, however, may occur in the deep gullies between the ridges, from which we have no 
material. 

In the open sea pure Globigerina ooze forms a belt lying below the muds, and continued 
along either side of the line of the Laccadive, ~Ialdive and Chagos Archipelagos. A large 
patch of Globigerina ooze projects along the Carlsberg Ridge in a south-easterly direction 
and into the North Somali Basin. There may be a small patch separating the North and 
South Somali Basins. According to Wiseman and Sewell (1937, p. 222), in " the Somali 
Basin the sea floor is composed of globigerina ooze. ." In this paper the transitional 
ooze has not been differentiated from normal Globigerina ooze, and the patch of Radio
larian ooze in the South Somali Basin has been overlooked. 

There is a continuous deposit of Globigerina ooze on the bottom south of a line drawn 
from the south end of the )Ialdives to about the latitude of :\Iafia off the Mrican coast. 
This continuous area is only broken by the coral deposits round the various archipelagos. 

(c) Transitional ooze.-A large part of the remaining sea-bottom is covered by tran
sitional oote (orange on chart), intermediate in character between Globigerina ooze and 
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red clay. This deposit forms a belt round the central red clay areas of the Arabian, 
North Somali and South Somali Basins, and also covers a large area connecting these 
three basins to the east of the North Somali Basin. There is probably a similar belt east 
of the Chagos Archipelago on the edge of the Indian-Australian Basin. 

(d) Red clay.-This deposit (brown on chart) fills the centres of the three large basins 
of the Arabian Sea and the Indian-Australian Basin. Its limits are somewhat doubtful in 
the Arabian Basin owing to the wide expanse of transitional ooze here and the very gradual 
transition into pure red clay. It is possible that pure red clay occupies a less area than is 
shown on the chart, as many of the existing records of red clay probably refer to transitional 
deposits. Taken at their face value these records render the areas of red clay fairly 
definite in the Arabian and N"orth Somali Basins. In the South Somali Basin, however, 
such is not the mise, and the extent of the red clay has largely to be deduced from two 
true red clay samples from the western side, several samples of transitional ooze, and the 
records of Hadiolarian ooze used by .Murray to determine the area of this latter deposit. 
Accordingly the boundary of the red clay is here drawn in to include the red clay stations, 
the Radiolarian ooze, and just to exclude the known areas of transitional ooze. For the 
rest the 2500-fm. contour has been roughly followed. 

(e) Radiola,,-ian ooze.-No samples of this deposit (dark brown on chart) were obtained 
by the expedition, and the area of this deposit has been copied direct from Murray's 
(1909) chart of the region. 

(f) Pteropod ooze.-This deposit (red on chart) occurs intermittently along the African 
coast. Five small areas are shown by :Murray along this coast and three more were found 
by the "John -'Iurray" expedition. (Only seven arc shown on the chart, the most 
southerly shown by -'Iurray being outside the area illustrated.) All these deposits lie 
along the line of transition from terrigenous mud to Globigerina ooze. It is possible that 
there is an almost continuous belt of this deposit along this coast. Murray has recorded 
Pteropod ooze in the Central and Southern Red Sea, surrounded by Globigerina ooze, 
ami at the boundary between the terrigenous mud and Globigerina ooze respectively. 
The expedition has shown the existence of a further patch to the south of these, just north 
of the" sill ", that separates the Red Sea from the Gulf of Aden. A smaller and rather 
impure patch of Pteropod ooze was found in the Gulf of Oman. These two latter areas 
differ from the others in that they are entirely surrounded by terrigenous mud and are 
not on the edge of the Globigerina ooze. A similar patch is recorded in the" Investigator" 
station list (Sta. 212) from off the Gulf of Cambay. Sewell (1935a, pI. x) shows several 
patches of this ooze in the :Maldive Archipelago. 

(g) "Coral" depos-its.-These (yellow on chart) are copied from Murray with slight 
alterations, ,,,,here these appear necessary in the light of recent soundings, which have 
corrected the contours and so make it probable that the areas of coral deposits should here 
be curtailed. A small area of coral reefs and sand is situated on the Arabian side of the 
Straits of Bab el )landeb. This area has been recorded several times by various survey 
ships, the soundings being published in the Admiralty" List of Oceanic Depths." 

In the chart of the deposits (Chart III) the top of the Carlsberg Ridge has been repre
sented as covered by Globigerina ooze or transitional ooze. It is possible, however, that 
parts at least of the ridge may be bare of deposits, as both basalt (Sta. 133) and Limestone 
(Sta. 168) have been obtained by dredging here on the two crossings of the ridge by the , 
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" Mabahiss ". It is also possible that the summits and troughs of the great ridge system 
may be covered by slightly different sediments, e. g. Globigerina ooze on the ridges and 
red clay in the troughs. 

3. THE ZANZIBAR AREA (Chart IV). 

For present purpose the " 7-anzibar Area" is taken to include that portion of the 
Indian Ocean lying between ,Lat. 3° S. and 'Lat. 7° S., and bounded to the west by the 
African coast and to the east by the meridian 41 0 4' E. These boundaries include those 
stations (116-118) lying to the north of Zanzibar and the outlying station 120, as well as 
those between Zanzibar, Pemba and the mainland. 

In determining the boundaries of the deposits the records of the " Valdivia" and 
those in the "List of Oceanic Depths" have been drawn upon in addition to the new 
records obtained by the expedition. 

Along the coast there is the usual belt of green and brown ttrrigenous mud giving place 
to Globigernia ooze below about 400 fms. (738 m.). In the shallow area of the Zanzibar 
Channel this mud is replaced by a deposit of sand and gravel formed of the calcarf'ous 
remains of organisms (shells, coral, coralline algre, Polyzoa, etc.) and the massive tests 
of bottom-living Foraminifera. These materials are undoubtedly derived in great part 
from the coral reefs with which the channel is said to be fringed on either side. Another 
much smaller sand area occurs on the mainland coast to the west of Pemba Island. At the 
north end of Zanzibar Island is an area of sand and coral. There- is another record of coral 
south-west of Zanzibar and a third south-east of the island on the 7° S. parallel. These 
records are those of cable-ships and others and hence cannot be relied upon to mean Jfaare
porarian coral, though they may do so as coral is common in shallow water in this region. 
Lithothamnion and other coralline algre are classed as "coral " for purposes of a marine 
survey of the bottom. A number of records show coral patches to occur in a more or less 
continuous series along the coast north of Pemba as far as :\Iombasa. These are apparently 
part of a more or less continuous reef running along this coast from Zanzibar northwards, 
and perhaps interrupted at intervals where rivers enter the sea or conditions are otherwise 
unfavourable for the growth of coral. Fewer records of this coral are available along the 
mainland coast inside of Pemba and Zanzibar, as this coast has not been worked in the same 
detail as farther north, where the records lie along the track of a submarine cable. Th(' 
, Admiralty Pilot' (p. 321) states that reefs lie along both sides of this channel. Crossland 
(1902, p. 501) states that coral occurs around all t~e sand flats off the west coast of Zanzibar 
Island. Coral was fonnd by the Expeditionat Sta. 112 on the African coast and also at an 
anchorage (Port George) on the Pemba coast. It may therefore be assumed that there if; a 
roughly continuous reef along this part of the coast also. 

Terrigenous mud surrounds Pemba Island but only occurs on the seaward side of 
Zanzibar. To the south of Zanzibar it apparently gives place entirely to sand for a short 
distance, the sand merging directly into Globigerina ooze in deep water. This phenomenon 
is probably due to the current, produced b~' tlH' flow o"i water into the Zanzibar Channel, 
Rweeping mud away from the region of Ras Kimbiji. The remainder of the Zanzibar Area 
is covered by Globigerina ooze except for two small patches of Pteropod ooze. As mentioned 
above, these occur between the terrigenous mud and Glohigerina ooze. One lies south-east 
of Zanzibar in 200 fms. (369 m.) and the other west of Sta. 117 in 400 fms. (738 m.). 
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GIobigerina ooze extends in an impure form, mixed with terrigenous mud, into the 
deep-water channel west of Pemba Island. It is of interest to note that the area of GIobi
gerina ooze does not correspond exactly with the contours of the channel as outlined by the 
400-fm. line. It lies throughout somewhat to the westward and extends in one place above 
200 fms. On its eastern side it gives place to terrigenous mud in the deep part of the channel. 
At its northern extremity this tongue of Globigerina mud, as it has now become, lies 
entirely to the westward of the 400-fm. contour and extends into shallow water, where it 
merges with the sand-shell area in about 200 fms. 

According to the' Pilot' (p. 369), the current sets constantly to the northward in the 
northern part of the Pemba Channel. It is a branch of the main northerly current which is 
divided by Ras Vpembe, the southernmost point of Pemba Island. This northerly current 
is itself part of the south equatorial current, deflected northwards near the coast. The current 
is said to follow the axis of the channel. This is apparently the agent transporting the 
Globigerina ooze into the Pemba Channel. In the northern part of the channel this current 
is sometimes overcome by the flood setting southward near the Pemba coast. This counter
current may be sufficient to force the northerly stream to the westward of its course, and to 
slow it up so that it drops its load here to the westward of the deep part of the channel. 
At the same time the southerly current would itself lose speed, which probably accounts 
in part for the large deposit of mud on the west side of Pemba Island. Difficulty in getting 
the trawl on the bottom was experienced at two stations, 121 and 124, in the channel 
between Pemba Island and Zanzibar Island, the wire streaming out at an angle of 45° to the 
horizontal. This appeared to be due to a considerable current flowing in a north-north
westerly direction through the channel between the islands at a depth of about 750 m., 
i.e. near the bottom. Doubtless this current also helps to carry the components of 
Globigerina ooze into the Pemba Channel. 

Alternatively, the region being south of the equator, the currents tend to swing to the 
left owing to the spin of the earth, and this may be the reason for the deposition of 
Globigerina ooze to the westward of the deep part of the channel. 

IV. BIOLOGICAL COMPOSITION OF THE DIFFERENT TYPES OF DEPOSIT. 

1. GENERAL. 

The biological components of the deep-water marine deposits collected consist mainly 
of the remains of .:\Iollusca, Echinodermata and Foraminifera, together with small quanti
ties of the remains of other animals, notably Polyzoa and Fish. Radiolaria and Diatoms 
are rare. Only the Foraminifera have been identified in any detail. The pelagic species 
found in the deposits are a true part of the sediment, as only the dead shells are found 
there. The bottom-living forms that have been identified are in many cases represented 
by the tests of animals that were living at the time the material was obtained, and thus 
are not strictly part of the deposit but belong to the fauna. The tests of dead individuals, 
. however, contribute to the deposit, so these" living" Foraminifera have been included 
among the biological components of the sediments. Many species are locally abundant, 
and are of considerable importance as components of the sediment both in determining 
the consistency of the deposit and as a possible source of food for higher, animals. The lists 
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of Foraminifera included in this section are not exhaustive, but are given in ord~r to 
differentiate the several deposit-types. 

The following list indicates the stations from which material of each of the seven 
deposit-types was obtained: 

a. Grey clay and mud. 
Stas. 26,38, 39, 63, 64, 76, 81, 85, 88, 109, 125. 

b. Green and brown muds. 
Stas. 5, 14-18, 20, 21, 29, 32-35, 50, 54-59,65, 66, 70, 73, 74, 79, 104-106, 108, 

110,117,122,123,126,175,176, 179a, 179b, 180,183-185,188,189,191-193, 
204. 

c. Coarse deposits. 
Sands: Stas. 24,27,53, 80, 89,103,112,113,178. 
Rock: Stas. 42,209. 
Conglomerate: Stas. 6, 45, 72, Ill. 

d. Globigerina ooze. .. 
Stas.22,60, 62,S7,93, 102, 114, 11S-121, 135, 156, 170,173, lSI. 

e. Transitional ooze. 
Stas. 92, 127, 12S, 132, 134, 167. 

J. Pteropod ooze. 
Stas. 7,2S, 67, 75, 77,190,206,207. 

g. Red clay. 
Stas. 100, 101, 166. 

h. Deposits from the Maldive Archipelago. 
Stas. 137, 139, 141, 142a, 142b, 143-145, 147, 149, 151, 152, 157-161, 163-165. 

2. BIOLOGICAL COMPOSITION OF THE DEPOSITS. 

(a) Grey Mud and Clay. 

With the exception of two samples, one of mud and one of clay, from the Zanzibar 
region, all the materials come from the coastal region stretching from the Gulf of Aden 
to Karachi and down the west coast of India as far as Bombay. In this area seven samples of 
grey mud and three of grey clay were collected. The grey muds for the most part occur 
in deep ~ater, ranging, lIvith the exception of the sample from off Zanzibar in 640 m., 
from 1687 m. to 3556 m. The average depth is 3135 m. The grey clays vary in depth from 
274m. to 1703 m., the average depth being 867 m. The actual percentage of animal remains 
in the two deposits is very similar, averaging about 6'3% by weight of the deposit for all 
the samples and varying from 3'7% to 12'7%, with one extreme case of a grey mud in which 
no remains were found. The average is slightly higher in the clays than in the muds. The 
washed clay from Sta. 88 leaves a residue very similar to Pteropod ooze, being composed 
mainly of Pteropod shells. As, however, these only form 0'6% of the deposit (but 33'3% of 
the animal remains), the deposit dannot be classed as a Pteropod ooze. A typical sample of 
the animal remains present in grey mud is shown on PI I, fig. 1. 

The two types of deposit are difficult to separate, the chief difference being the greater 
cohesive power of the clay as compared with the mud and the smaller number of species 
whose remains occur in the clay. The following comparative lists show the paucity of 
species in the grey clay as contrasted with the grey mud: 
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Grey mud. Grey clay. 

Pelagic remains :-
Foraminifera. 

Globigerina lYl£lloides. 
Gl. duhia. 
Glob(qerinoides conglobata. 
Gl. rub-ra. 
Gl. sacculifera. 
Globigerinella (plJuilateralis. 
Orbulina ttniversa. 
P'lllleniatina obliquiloculata. 
GloOOrotalia menardii. 

Pteropoda. 
Limacina inflata. 
Clio pyramidata. 
Clwierina columnella. 
Diacria quadridentata. 
D. t·r-ispinosa. 
Cavolinia long·irostr·is. 
Atla·n..ta sp. 

Other remains. 
Otoliths, scales. 

. Coscinodiscus sp. 
Radiolaria, incI. Lithocircus sp. 

Benthic remains :-
Foraminifera. 

Rhabdamnn:-na abyssorum. 
Rh. cliscreta. 
Rh. linearis. 
Crithwnina pis'U1n. 
Cr. pisum var. It£spida. 

* .M arsipella cylindrica. 
StorthosphclJ-ra albi'da. 

* Pilulina jeffreysi. 
* H yperammina elongata. 
H·friabilis. 

*H. lcevigata. 
* Reophax pilulifer. 
* II armosina carpenteri. 
*H. globuliJera. 
II aplophra.rJmoides su~globosum. 

*Clavulina communis var. 
nodulosa. 

Pyrgo depressa. 

Globigerina bulwides. 
Gl. dubia. 
Gwbiger·i·lwides rubra. i 

Gl. sacculiJera. 
Orbulina universa. 
Globarotalia 11Ienardii. 

Lhnacina inflata. 
Creseis acieula. 
Cr. virg1lla. 
lIyawcylis striata. 
Diacr·ia quad-r·idenlata. 
Cavol·inia longirostris. 
C. uncinata. 
Atlanta sp. 

Fish vertebrre. 

Quinqueloculinn sp. 
Triloculina sp. 
Robttl1lS acutau'l'icularis. 
Bulimina elongata. 
B.ovata. 
B. pyr-ula. 
U t-igC'l'ina bifurcata. 
U. pyglluea. 

• These species were found in ~ey mud only. 
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Grey mud. 

P. murrhina. 
* Lenticulina reniformis. 
Amphisorus hemprichi. 
N onion umhilicatulum. 
Bulimina aculeata. 
B. pyrula. 
Gyroidina soldani .. 
Rotalia beccarii. ' 
Epistomina elegans. 
Planulina wuellerstorfi. 
Cibicides lobatulus. 

Other remains. 

Polychret l' 
Echinoderm 
Gasteropod ,fragments. 
Lamellibranch J 
Scaphopod 
Ostracod valves. 
Poriferan spicules. 

Grey clay. 

Small Gasteropoda. 
Small Lamellibranchiata. 

III 

NOTE.-In the above list the Foraminifera from 8t3. 125 (grey clay from off Zanzibar) are omitted. 

It is noticeable that the pelagic remains are very similar in both grey muds and clays. 
This is to be expected, as the pelagic fauna is not affected by the type of bottom. The 
difference between the two types of deposit is shown somewhat strikingly by the micro
fauna of the bottom. Grey clay supports an extremely small number of animals restricted 
to very few species, and many groups are entirely lacking in the material examined. The 
less clayey muds, on the other hand, support quite a rich Foraminiferal fauna, and 
representatives of most of the bottom-living groups of organisms are present. 

The grey muds appear to be mixtures of grey clay (probably of terrigenous origin 
and' a shallow-water deposit), with either green or brown terrigenous mud or Globigerina 
ooze. The former type is shown by the shallow-water muds from 640 m. off Zanzibar and 
1687 m. off Bombay. The test, from depths from 2156 to 3556 m., are evidently on the 
borders of the Globigerina ooze and for the most part are grey or fawn-white in colour. 
The Foraminiferal fauna of the deeper samples, however, shows only a few of the forms 
typical of Globigerina ooze. .Many more arenaceoU:s forms are present, and the fauna is 
quite distinct from either that of Globigerina ooze or green mud. 

The grey mud from Sta. 109 (640 m.) and grey clay from Sta. 125 (805 m.) off Zanzibar 
are strikingly different from the other deposits of this type as regards their organic remains. 
The grey mud is almost devoid of organic remains, only three species of Foraminifera being 
identified, whereas at Sta. 125 the grey clay yielded a large number of species. This is 
exactly opposite to what we find in the northern Arabian Eea, where the muds all contain 
remains of more species than the clays. 

From a comparison of the faunas, the deposit at Sta. 125 resembles a grey or even 
a green mud far more than it docs the clays from the northern Arabian Sea. Similarly 
,the mud from Sta. 109 compares readily with the clays from this area. The numbers of 

m,2. 10 
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species of Foraminifera and Pteropoda present in these two samples are compared with 
normal grey mud and clay in Table II :-

TABLE II. 

Station and Pelagic Benthic 
P~eropoda. 

deposit. Foraminifera. Foraminifera. 

109 ; grey mud 3 3 

125; grey clay 8 39 2 
Normal grey mud 9 28 6 
Normal grey clay 6 8 7 

Here, however, the resemblances end. The deposit at Sta. 109 is a typical mud from 
shallow water and is not more coherent than other inshore grey muds. That from Sta. 
125, despite its faunal resemblances to a mud, is a very coherent, plastic deposit-an 
unmistakable clay. 

These differences in the faunas of these deposits would indicate that some other factor, 
and not the character of the deposit alone, is responsible for the poor fauna met with in the 
grey clay area of the northern region of the Arabian Sea. This factor is apparently hydro
logical. It will be shown later (p. 148) that the water in the Gulf of Oman is very poorly 
oxygenated down to a depth of about 1500 m., and that the water flowing out of the Persian 
Gulf is highly saline. The combination of these two factors appears to kill off any animals 
brought into the Gulf by inflowing Arabian Sea water and permits only a limited production 
of life within its own confines. Where this highly saline water comes into contact with the 
bottom on the Arabian coast about Ras al Hadd there is a very great destruction of life, 
so that a large amount of organic matter accumulates in the mud. The decay of this 
material apparently brings about anaerobic conditions, and the bacterial production of 
sulphuretted hydrogen in the mud. The area about Ras al Hadd is thus rendered azoic. 
Further eastward there is no production of sulphuretted hydrogen in the mud, which here 
contains less organic matter, but the oxygen content of the water is probably so low that 
life cannot persist. Thus a large area of the sea-bed in the mouth of the Gulf of Oman and 
in the northern part of the Arabian Sea is rendered practically azoic. 

(b) Green and Brown Muds. 

Fifty samples of terrigenous mud were collected. With one exception they range in 
colour from dark brown to dark green. The exception (from Sta. 5) is a very light brown or 
yellow mud. Blue mud was not met with in the north-west area of the Indian Ocean, 
though the" Valdivia" obtained it three times on the East African coast and once in the 
Bay of Bengal (:Murray and Philippi, 1908, p. 153). The range in depth at which these 
muds occur is considerable, samples being collected from 91 m. and 2072 m. The former 
is transitional to the sandy shallow-water deposits and the latter approximates to a 
Globigerina ooze. The average depth of the deposit is 793 m. With the exception of 
seven samples the percentage of animal remains is low, averaging 9'3%. The seven 
exceptions are tabulated below (Table III), with remarks as to the possible reason for tho 
large amount of animal material present. They are not typical gree!! ~r brown muds, 



Station 

29 
35 
50 
73 

110 
176 
193 
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TABLE III. 

Depth (m.) % animal remains. Remarks. 

2072 34'5 Transitional to Globigerina ooze; 
441 31'4 mainly Foraminifera. 

1738 32·4 Sandy mud. 
91 64'5 Very sandy mud. 

329 .62·1 . \ Transitional to Globigerina ooze. 
695 .' 55·4 Largely frecal pellets. 

1061 41'7 A partially sifted deposit. 

The more usual percentages are shown in Table IV. These have not been selected, but 
taken half from the top and half from the bottom of a list arranged in order of stations. 
In the normal muds the percentage of animal remains varies from 1'9% to 24·1 %, usually 
between 6% and 14%. The graph (Fig. 1) shows the average pe,rcentage of animal remains 
per 100 m. depth. It is seen that the shallow-water deposits contain a rather high per
centage, nearly 25%, which falls off very rapidly on descending into deeper water. 

TABLE IV. 
Station. Depth (m.) % animal remains. 

5 938 14·1 
14 1764 11·3 
15 ~ 1053 16·8 
15-16 9·6 
16 186 11·6 

179a 310 6·7 
179b 275 7'8 
180 397 7·3 
183 1105 6'6 
184 . 1270 10'1 

Average 10'2 

A minimum percentage of animal remains is found between 500 m. and 600 m., below 
which depth the percentage rises again. This minimum probably marks the lower limit 
of the shallow-water or littoral forms and the beginning of the continental slope fauna, 
the two faunas exhibiting an "overlap" region in which neither is particularly abundant. 
Below 600 m. the amount of remains present increases considerably, to reach a maximum 
in about 1100-1200 m. Here the remains consist mainly of continental slope forms, plus 
gradually increasing amounts of pelagic material. 

The shape of the curve must be influenced to a considerable degree by the amount of 
deposition of sediments derived from the land. In shapow water there is an abundant 
fauna leaving calcareous remains and, owing to constant movement of the water, little 
sedimentation of fine material. The percentage of animal remains in the deposit is therefore 
high. In rather deeper water the terrigenous material begins to be deposited and the per
centage of remains falls correspondingly. This presumably goes on until about 500 m., at 
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which depth the maximum amount of mud is being deposited and so the percentage of 
remains is at a minimum. This zone of maximum sedimentation has been called by Murray 
the ., llludline", and is considered by him to be the richest feeding-ground of the ocean. 
The depth of the " mudline " naturally varies with local conditions; 500 m. is only an 
average figure for the whole of the Arabian Sea. In still deeper water less and less mud 
is deposited, and the percentage of remains increases again to a maximum in 1100 m. 
This is, of course, assuming that the density of the fauna is the same throughout the depth
range (1200 m.) under consideration. 

Actually both factors, namely the degree of sedimentation and the density of the fauna, 
probabl.y combine to determine the shape of the curve. As is shown later (Text-fig. 2, p. 120), 
and as Alcock (1890, p. 426) has shown, there is a region in which life is somewhat scarce. 

2 

2. 3 4- 5 6 7 8 9 10 1/ 12. '3 '1 '5 16 17 18 '9 20 2J 

DEPTH IN 100's OF METRES 
TEXT-FIG. I.-Percentage of animal remains in green mud at different depths. 

The position of this region seems to vary in different areas. The" .Murray " Expedition 
records point to a zone between about 80 m. and 150 m. as the poor area in tIle Arabian 
Sea; Alcock gives 37-74 m. for the corresponding zone off the Galljam coast. 'rhus th{' 
small amount of animal remains present in the deposit in about 500 m. may h said to he 
due to the poorness of the fauna in the zone above (the remains will tend to he carried into 
deeper water), and to the greater deposition of mud in this depth compared with shallower 
or deeper water. 

From 1200 m. down to 2000 m. there is a fairly steady decrease in the amount of animal 
material and a corresponding increase in the fineness of the deposit. Finally at this lower 
depth the muds mostly pass into GIobigerina ooze and the percentage of animal material 
soars again, but now consists of a high percentage of pelagic remains and very few benthic 
forms. 

Under different conditions the depth at which the change-over lrom one type of 
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deposit to the next occurs naturally varies, and so some samples of mud contain amounts 
of remains abnormal for the depth. A number of such (high) values have been listed above 
(Table III, p. 113 ); exceptionally low values also occur. In averaging the percentage over 
each 100 m. these abnormally high values have been omitted. Similar considerations 
probably account for the high average values met with from 1500-1600 m. and 1900-
2000 m., as shown in Text-fig. 1. 

There is a further possible explanation of the minimum value for the amount of animal 
material at about 600 m., namely the destructive activity of the mud-feeding organisms, 
which may destroy large numbers of the contained small animals, chiefly Foraminifera. 

The biological components of the mud fall into two groups-(i) the remains of pelagic 
organisms and (ii) those of benthic animals. The former are somewhat limited in number 
of species, probably owing to the few species of pelagic animals, in comparison with benthic 
animals, that leave calcareous or other resistant remains, and also to the smaller number of 
pelagic species in inshore waters as compared with the open ocean. The actual percentage 
of pelagic remains, though ~ot calculated separately, is small, owing to swamping by the 
large numbers of benthic organisms, especially Foraminifera,"which abound in the terri
genous muds. The following is a list of the pelagic organisms present in the muds 
examined:-

Foraminifera. 
Globigerina bulloides. 
Gl. dubia. 
Globigerinoides congkJbata. 
GZ. rubra. 
Gl. saccuZiJera. 
Globigerinella requilateralis. 
Hastigerina pela.gWa. 
Orbulina universa. 

Pteropoda. 
Peraclis bispinosa. 
Limamna bulinwides. 
L. injlata. 
L. trochiJormis. 
Creseis acicula. 
Cr. virgula. . 
Hyalocylis striata. 
Styliola suhula. 
Clio pyramid,ata. 

Pulleniatina obZiquiloculata. 
Spkreroidinella dekiscens. 
Caruleina nitida. 
Globorotalia oanariensis. 
Gl. (JI'assa. 
Gl. menardii. 
Gl. tumida. 

Cuvierina columnella. 
Diacria quadri.rkntata. 
D. trispi·nosa. 
Cavolina injlexa. 
C. longirostris. 
C. tridental.a,. 

C. uncinata. 
Atlanta, sp. 

Other remains: Otoliths, scales and vertebrre of fish. 
The pelagic components are thus similar to those of other sediments, but are richer 

in species, especially of Pteropoda. . This abundance of Pteropoda is to be expected as the 
range of Pteropod ooze falls within that of the muds and in places, e. g. off the African 
coast and at the southern end of the Red Sea, the green muds grade into Pteropod deposits. 

As already mentioned, the number of species of ,benthic Foraminifera is high in the 
green and brown muds: 192 species and varieties have been identified in these deposits: 
of these very few are of frequent occurrence, while a very large number were found only in 
three or less of the fifty samples examined. Only eighteen species occurred in five or more 
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samples. The following list indicates the species found and the number of times they 
occurred. Bulimina pyrula (12 stations), Uvigerina pygmma (II sta.tions), and Cancris 
aurictdus (10 stations) occur most frequently. 

TABLE V. 

Species. 
Numoorof 

Species. 
Number of 

occurrences. occurences. 

Rhabdammina abyssorum 3 * VeTneulina scabra 1 
Rh. abyssorum var. radiaJ..a . 1 V. triquetra 1 
Crithionina pisum var. hispida 2 *V. variabilis 1 
Rhizammina indivisa . 1 Gaudryina baccata 1 
Storthosphmra albida . 2 *G. pseudo-jiliJormis 1 
Saccammina sphrerica 1 *G. robusta 1 
Pilulina jefJreysi 2 * Valvulina oonica 1 

* Tholosina bulla . 2 * V·fusca . 1 
H yperammina friabilis 1 Clavulina angularis 1 

* Dendrophrya ramosa 1 Cl. communis 6 

* Reophax agglutinans 1 Cl. pacifica 1 

* R. bacillaris 1 Cl. parisi~s 3 
* R. bilocularis 1 C1. tricarinata 2 

* R. guttiJer 1 *Quinqueloculina auberiana . 1 
* R. nodu,/,()sus 2 *Q. procera 1 
H aplostiche dubia 2 * M assilina arenaria 3 

* Ammodiscus exsertus . 1 M. australis 1 
* Am. incertus 2 Spiroloculina depressa 4 

* Amrrwdiscoides turbinatus 1 Sp. grateloupi 3 
* Tolypammina vagans 2 *Sigmoilina edwardsi 1 
* Ammolagena clavata 4 S. schlumbergeri 8 
H aplophragmoides subglobosum 2 * Triloculina circularis 1 
Cribrostomoides bradyi 1 Tr. tricarinata . 1 

* Ammomarginulina foliacea 2 Tr. trigonula 1 
*Cyclammina pauciloculaia 1 Pyrgo arwmala . 1 
Ammobaculites calcareum 3 *P. comata 2 
Spiroplectammina milletti 4 P. denticulata 1 
T extular·ia aggZutinans 2 P. depressa 4 
T. conica . 2 P.lu.cernula 1 

*T. _qoesi 1 P. murrhina 5 
T.gramen 3 P. sarsi 2 
T. pseudooarinata 3 P. serrata. 1 
T. rkomboidalis. 1 P. vesperti1io 1 
T. sagiUula 4 Bilocu1inella globula 2 
T. sagittula var. atrata 2 Cornuspira carinata 1 
T. sagittula var . .fistulosa 1 *Ophthalmidium inconstans 1 

*T. semialata 3 Planispirina sphrera . 2 
Verneulina propinqua 1 * Trochammina globigeriniJarmis 1 

* These species were found ODly in terrigenous mud. 
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Species. 
Number of 

Species. 
Number of 

occurrences. occurrences. 

*Tr. squantata 1 * N onionella sp. . 1 

Placopsilina cenomana 1 Elphidium C'f'aticulatum '1 

Robulus calcar 3 EI. crispum 3 

R.oostatus 2 * El. jenseni 1 

R. oostatus var. multicostatus 2 Operculina granulosa . 5 

* R. echinatus 2 H eterostegina depressa 3 

R. gibbus . 1 " H. operculinoides 2 

*R. iota 4 H. suborbicu1n,ris 2 

* R. limhosus 1 Sorites marginalis 1 

R. orbicularis 2 Amphisorus hemprichi 1 

* Lenticulina calcarata 1 Marginopm-a vertebralis 1 

L. rotulata 4 Bulimina aculeata 4 

* P1I1nularia ? alhatrossi 1 *B. affinis 1 

* Pl. trioarinel1a . 2 *B. elegans 1 

Marginulina gkrhra 1 B. elongata 1 

* Dentalina communis 1 B. ovata . 9 

* D. oonsobrina 1 B. pagoda 2 

D. consobrinq, var. emaciata. 1 * B. pupoides 7 

D. filiformis 1 B. pyru1l1. 12 

* Nodosaria flinti 2 * B. pyrula \Tar. spinescens 2 

N. pauciloculata 1 *B. subornata 3 

-·N. peroerBtJ ,-1- '. { '"~; 1 * V irgulina squamosa . 1 

N. pyrula 1 V. subsquamosa. 3 

* N. radicula 1 Bolivina amygdalmformis 2 

N. scalari.~ 1 B. beyrichi 2 

*N. soluta 1 B. beyrichi var. alata 1 

N. subscalaris 2 B. dilatata 1 

N. subscalaris var. paucioostata 1 *B. pygrnma 2 

N. vertebralis 1 B. robusta 1 

Saracenaria italica I B. simpsoni 1 

Vaginulina legumen 2 Uvigerina aculeata 2 

V. linearis 1 * U. asperula 2 

*V. wetherellii 1 U. bifurcata 2 

* Frondicularia plicata 1 U. brunnensis 6 

* Lagena marginata 2 * U. proboscidea . 1 

*GlanduliM radicula . 1 U. pygrnma 11 

Sigmoidella elegantissima 1 U. schwageri 4 

* Polym,orphina ? complexa 1 U. tenuistriata . 4 

Nonion booeanun 4 *Siphogenerina bifrons 1 

* N. exponens 2 *S. dimorpha 1 

* N. paci.ficum 1 S. str,iata var. curta . 2 

*N. pompilioides 2 *S. virgula 1 

N. scaphum 1 Angulogerina cannata 3 

N. umbilicatulum 5 *An. carinata var. bradyana 1 
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Species. 
Number of 

Species. 
Number of 

occurrences. occurrences. 

* Valvulineria allomorphinoides 2 * A nomalina baUhica 4 

Gyroidina soldani 3 * Planulina ammonoides I 

Eponides prrecindus . 2 Pl. ariminensis. 5 
Rotalia beooarii. I Pl. wuellerstorfi. 8 
R. calcar. I Laticarinina pauperata 2 
R. margaritifera 2 Cibicides lobatulus 6 
R. papillosa 7 Planarbulinella larvata I 

Epistomina elegans 5 Gypsina globulus I 

Carwris auricu1us 10 Carpenteria manticularis I 

Amphistegina radiata 5 C. proteiformis . 2 
Cymbaloporelta bradyi I C. utricularis I 

Cymhaloporella tabella'for mis I H omotrema rubrum I 

Ehrenherg-ina pacifica 7 Sparadotrema cylindricu,m I 

Chilostomella ovoidea. 4 Sp. mesentericu,m 1 

* Sphceroidina bulloides 1 .I.lJ iniaci-n,a miniacea 1 

In addition to the above the following were identified: 
Crustacea. Lamellibranchiata. 

Balanus sp. Amussium sp. 
Verruca sp. Polyzoa. 

Gasteropoda. CeUaria sp. 
Pleurotoma sp. Crelenterata. 
Ranella sp. Acropora sp. 
Rostellaria sp. Cycloseris sp. 
TriJO'1'is sp. (larval shells). Pachyseris sp. 

Scaphopoda. Tubipora sp. 
Cadulus sp. 
Dentalium sp. Hydrocorallinre. 

Alcyonaria. 
All the Crelenterate remains come from Sta. 126. 
It thus appears that the green muds are not well characterized by the presence of any 

typical series of species of Foraminifera; it is, however, possible to pick out a number of 
genera that are represented by many species. These genera are evidently the best suited 
to this type of deposit and have developed many species here, but they are by no means 
confined to these deposits, being represented by the same or other species in very different 
sediments. Of such genera in the above list may be mentioned Textularia (8 spp. and 
2 varieties), Pyrgo (9 spp.), Robulus (7 spp. identified, several unidentified), Nodosaria 
(inc!. Dentq,lina, 12 spp. and 2 varieties), Buliminq, (9 spp., 1 variety), Bolivina (6 spp., 1 
variety) and Uviger-inq, (8 spp.). The family Buliminidre as a whole appears to favour 
green or brown muds as a habitat; many more species of this family were found in this 
type of deposit than elsewhere. As is to be expected, families of ~ttachcd forms, like the 
Rupertiidre and Homotremidro, are rare, this type of sediment offering few or no solid 
objects for attachment. The species ofCarpenteria (Rupertiidro), Homotrema, SpO'1'adotrema 
and M iniacina (Homotremidre) found elsewhere occqrred here only once or twice and 
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chiefly at Sta. 126 off Zanzibar Island, where the sediment is coarser than is usual for green 
mud. 

Although the majority of the Foraminifera occur infrequently, some may be extra
ordinarily abundant over small areas, in which they form the bulk of the larger components 
of the deposit. Two such instances may be cited here. At Sta. 185, in the Gulf of Aden, the 
residue obtained by sifting the deposit consists almost entirely of the brown tests of Rhab
dammina abyssorum ~. Sars (see PI. IV, fig. 2). Schmelck (1882, p. 43) records a similar 
abundance of this species in the Norwegian Sea under the name" Rhabdammina Clay" or 
"Green Clay'''. This deposit:was a gritty mud with quartz grains and was only slightly 
coherent when dry-scarcely a clay. The contained animal remains were Annelid tubes, 
exclusively Spirochetopterus sp., sponge spicules and shells of Astarte sp. besides Rhab
dammina," ... which would appear to be comparatively numerous" (loc. cit., p. 44). 
This composition is very similar to that of the present sample, except that here the mud is 
finer and with less quartz grains. Flexible worm-tubes and shell fragments are fairly 
common, and a few other a~mal remains occur but are largely obscured by the enormous 
numbers of Rhabdammina. Agassiz (1892, p. ll), again, records similar masses of a species 
of Rhabdammina, " closely allied to R. lineata ", from off the west coast of tropical America. 

The second example is from Sta. 105, off Zanzibar. Here a large part of the residue 
from the sifted sediment consists of fragments of the branched Foraminiferan Dendrophrya 
ramosa Cushman (see PI. IV, ~g. 1). The deposit is again associated with a large number of 
fine papery worm-tubes with an adherent outer coating of mud. The probable cause of this 
great abundance of a bottom species in a small area is referred to elsewhere (p. 156). 

Typical samples of the organic remains found in green and brown muds are shown in 
PI. I, figs. 2-6, and PI. II, fig. I. 

At Sta. 55, off Ras al Hadd, the deposit is green mud containing very large numbers 
of a large round diatom, Coscinodiscus oculis-iridis var. borealis (Bail.) Cl.* (see PI. I, 
figs. 5, 6). This diatom also occurred in 'the sediments collected at the adjacent stations 
56 and 57 but in far fewer numbers. Elsewhere Coscinodiscus spp. were absent, or repre
sented by very rare fragments only. 

Diatom ooze is well known from the Southern Ocean and from the North Pacific, 
where large well-defined belts of the deposit occur. It is not common, however, in lower 
latitudes, and has been recorded from a relatively few isolated areas. One such area is 
recorded by Murray and Lee (1909, p. 48, and map ii) from off Lima, Peru, and another 
by Murray and Philippi (1'908, chart ii) from the Southern Indian Ocean midway between 
:Madagascar and Kerguelen in' about Lat. 38° S. Both these deposits contain COScilWdiscus 
spp. Hanzawa (1935, pp. 37 et seq., pIs., I, II) descr:ibes a number of Diatom oozes forming 
isolated patches within the area Lat. 19° 8'5' N. to 8° 40' N. and Long. 136° 32'6' E. to 
153° 6'5' E. These last deposits, however, differ in that the predominating diatom is 
Ethmodiscu,s sp., a form similar to Cosc·inodiscus, which is here rare or absent. Thus, in the 
Pacific, the Diatom ooze north of the equator in low latitudes is an Etlmwdiscu,s ooze and 
south of the equator a Cosci'tWdiscu,s ooze, as far as one can tell from the single record 

I 
known. In the Indian Ocean, however, this is not so. Here there is no northprn belt of 
Diatom ooze, as the sea is bounded by the continent of Asia in quite low latitudes. True 
Diatom ooze is apparently not developed in the Indian Ocean, but deposits rich in diatoms 
occur off the eastern point of Arabia and in a few other areas, e. g. Sta. 22 in the Gulf of 

* I am indebted to Dr. S. Chaffers for this identification. 
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Aden. This deposit off Ras al Hadd lies in Lat. 22° N., only slightly further north than the 
Ethnwdiscus deposits of the Pacific, but this genus is apparently absent. Ethmodiscus is not 
recorded by Hornell and Nayudu (1924, p. 149) or Menon (1931, p. 495) from the coasts of 
Peninsular India. They, however, found Ooscinodiscus to be one of the chief components 
of the Diatom plankton. Apparently, therefore, Ethmodiscus is rare in, if not absent from, 
the northern part of the Indian Ocean, its place being taken by species of Ooscinodiscus. 

(b. i) The effect of depth upon the faww on ,green and brown muds.-The large number 
of samples (34) of terrigenous mud collected with the Priestman grab have made it possible 
to study the effect of depth upon the density of the macro-fauna. 

The nunlbers of animals caught in the grab are summarized in Table VI. The hauls 

AV. NO.OF 
ANIMALS 

METRES 
TEXT-FIG. 2.-Number of animals caught by the Priestman grab. 

are arranged in order of depth, and one Lagoon haul (Sta. 137,46 m.) is included to give an 
idea of the abundance of life in very shallow water. The total catch of animals at eacIl 
depth has been divided by the number of hauls, thus giving an average of the Jllilllbers 
caught at each depth. "Where a haul was unproductive of life, through the grab jamming 
or failing to close properly, the haul has been excluded from the averaging. In many cases 
the figures in the last two columns are only approximate, as the number of specimens 
ob ined was not always recorded. :Many records of grab hauls only mention" few", 
" several" or " numerous " specimens of a species. 

The figures in the column, " Average animals per haul", represent the number of 
animals present on or in 0'5 sq. m. of the depo it, the area covered by the Prie tman grab. 

A ufficient nnmber of results are available to make it po ible to graph the relation
ship between the depth and the density of fauna. The average number of animal collect·d 
is plotted against 50 m. intervals of depth (Text-fig. 2). 
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TArLE VI. 

Number of Average 
Average 

Depth (m.) Station. successful Total animals. animals per 
hauls. haul. 50 m. 

46 137 1 28 28 28 

f 
73 

91 
90 

3 26 9 9 
178 
I8!) 

101 103 
151 

1 7 7 

110 204 1 1 1 4 

113 112 1 ? ? 
155 74 ? ? 

177 
205 I 1 2 2 
164 J 21 

183 190 2 68 34 
193 89 12 I:? 

201 
28 

.) 
53+ 

(30) 
75 several I 

207 104 
.~ 

15+ I (10) 
209 1:2' , several I ]4 
220 113 1 

238 I4!) 4+ 
(6) several 

256 ~O(i 
18+ 

(22) 
several 

I hh 

274 163 72+ 1l 17 

l 191 several 
r I (20) 

275 179b 
280 10.5 1 
310 17!) 1 0 

353 
IH 

1 
165 

:~titi 192 10 10 10 
375 207 1 16 16 
397 180 1 15 15 
411 77 1 
423 150 1 

0 

805 125 1 0 

OWII'6 '" ,he grab l)t'lil':':' Jillllllll'lI III nll_'I~J l,talL'nal and to indefiulte statements of 
t II(' number of animals caught the graph is based on one result only over the depth range 
100-150 Ill. Similar considerations apply to the range 300-350 m., where of three hauls 
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one was jammed and two empty of animals, though at one of the stations a haul with the 
Agassiz trawl brought up a rich fauna. Hence no value, however approximate, can be 
given for this range. The l),umber of hauls is small. In most 50-m. ranges only two to three 
hauls were made, so that the above graph can only be taken as a rough approximation. 
The maximum number of results was six in the range 150-200 m. 

A sharp falling off from the number of individuals present in the shallow water of the 
littoral zone is indicated in the first 100 nl. There is a subsequent increase again, reaching 
a maximum in about 200 m. due to the replacement of the littoral by the Continental 
Shelf fauna, which reaches its greatest development in about this depth. Below 200 m. 
there is a steady falling off in the numbers caught at increasing depths. Below 397 m. 
no animals were caught in depths of 411, 423 and S05 m. in which the grab was used. 

As already mentioned (p. 114), the same zonation has been recorded by Alcock (1890, 
p. 426) off the Ganjam coast. This author distinguishes three zones of life on this coast as 
follows: 
1. 0-14 fms. (0-26 m.). 

Here life is abundant, and hauls may contain several species in large numbers. 
This zone corresponds to the 0-50 m. section of Text-fig. 2. 

2. 20-40 fms. (37-74 m.). 
In this zone the hauls are usually small and most of the species from the previous 

zone are absent. It corresponds approximately with the region from 100-150 m. on 
Text-fig. 2. 

3. 70-100 fms. (130-lS5 m.). 
Large and varied hauls were taken in this zone and the forms have a distinct 

bathybial facies. This zone is the same as that represented on the graph by the peak 
in 150-200 m. 
There is a striking similarity between the form of this graph (Text-fig. 2) of the living 

animals and Text-fig. I, in which the percentage of animal remains was plotted against depth. 
In Text-fig. I the minimum percentage of fragments occurs in deeper water, between 500 and 
600 m. as against 100-150 m. here. This may reasonably be considered as due to the trans
port of dead shells and other remains, by current movement, into deeper water. Such trans
port is probably ineffective below 500 m. The graph of the remains (Text-fig. I) has a peak at 
about 1100-1200 m., due to the great deposition of tests of pelagic Foraminifera in these 
depths. It cannot be correlated with the maximum in 200 m. shown in Text-fig. 2. As already 
stated this is due to the full development of the Continental Shelf fauna here. It has already 
been shown (p. 113) that the zone of maximum sedimentation, the" mud-line ", occurs 
at about 500 m. Apparently the largest number of animals occurs in the upper part of the 
zone of heavy sedimentation and not where sedimentation is at a maximum. 

(b. ii) The depth range of animals from the green and brown muds taken by the Priest man 
grab.-Thirty of the forty Priestman Grab hauls contained living animals. The most 
frequently occurring organisms were: Polychoota (24 times), Lamellibranchiata and 
Brachyura (10 times), Ophiuroidea and Porifera (S times), Prawns and Stomatopoda 
(6 times). These and the other genera and groups of animals obtained are shown on Text
fig. 3. Those not mentioned above only occurred four times or less. Thus no less than 
SO% of the successful hauls yielded worms which were far more frequent than other groups; 
the next in order of frequency, Lamellibranchiata and Brachyura, both occurred in only 
one-third of the successful hauls. This is a striking illustration of the widespread 

\ 
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distribution and abundance of the Polychreta, compared with other organisms, in the 
shallow waters of the Arabian Sea. Only the above-mentioned seven groups appear to be 
at all uniformly distributed, though others may be common locally. 

The depth range of the animals collected is summarized in Text-fig. 3. It is evident 
from this figure that the lagoons support quite a varied fauna; sixteen of the twenty
seven groups or genera distinguished in the table were obtained th~re by the grab. 
Doubtless others occur, though not obtained by this means. The richest fauna on the 
Continental shelf is seen to occur about 160-240 m., nineteen groups being collected 
within this depth range as against eleven or less in the others. This has been seen 
already in Text-fig. 2 (p. 120) where the average number of animals per haul was plotted 
against the depth in 50-m. intervals and a maximum was found in 150-200 m. In shallower 
water (80-160 m.) fewer animals were obtained, whole groups such as Gasteropoda 
and Echinodermata being unrepresented in the hauls. Below the rich zone, also, the 
numbers obtained fell off considerably. In the next range, 240-320 m., only eleven 
groups occurred, and in the deepest of all, 320-400 m., the number was reduced to eight. 
It is worthy of note that seven of these, Lamellibranchiata, Gasteropoda, Ophiuroidea, 
Prawns, Upogebia sp., Corals and Polychreta, all have a very wide range. The first two and 
the last two of these were found from 80 m. downwards, and the other three in the next 
range from 160 m. downwards. 

The distribution of the Sipunculoidea is curious: they were found several times in 
shallow lagoon waters and once in open water at a depth of 274 m., with no indication of 
their occurrence in shallow open water. It is quite probable that this is due solely to the 
small number of records (four only). 

(c) Coars~ Deposits. 

The remaining terrigenous deposits consists of sands, calcareous conglomerates, and 
mud with a large amount of rock fragments or calcareous rubble, i. e. unidentifiable 
calcareous material of animal origin. The rock and rubble deposits will be considered 
separately from the sands. Apart from one sample containing rock fragments from 
1415 m. (Sta. 42) and one of calcareous conglomerate from 1167 m. (Sta. 6) all these deposit 
samples are from comparatively shallow water. The deepest is from 366 m. 

(c. i) The oonglomerates.-Seven samples were obtained containing much coarse 
rubble and rock fragments. Of these, three (from Stas. 6, 45, and 72) consisted of a 
calcareous conglomerate formed of fragments of the shells of recent animals cemented 
together. One (Sta. Ill) consisted almost entirely of loose calcareous rubble, and the 
remaining three (Stas. 42,67,209) of limestone fragments, rubble and green mud. Sta.67 
also yielded fragments of serpentinized enstatite peridotite. 

The conglomerate contains the remains of a limited fauna. In the material from Sta. 6 
the following species of Pteropoda were identified : 

liimacina inflata Diacria q'tUUiridentata. 
Creseis acicula. Cavolinia longirostris. 
Cr. virgula. Atlanta 8p. 
R yalocylis striata. 

A few GUJbig~ina bulloides and Gasteropod fragments were present. The rest of the 
conglomerate consisted of rather small shell fragments, occasional bottom Foraminifera 
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and Echinoid spines. Most of the remains are those of shallow-water attached animals 
and Foraminifera. 

The green mud from Sta. 209 contains a considerable number of species of Pteropoda, in 
addition to broken shells of Conus and Solarium and the solitary corals Flabellum, Rhizo
trOOhus and CaryophyUia. This deposit is near the area of Pteropod ooze at the south end 
of the Red Sea, which accounts for the presence of so many Pteropoda. 

Table VII summarizes the nature of the deposit at these seven stations : 

Station. Depth (m.). 

6 1167 
42 1415 

45 38 

67 274 

72 73 

III 73-160 . . 

209 366 

TABLE VII. 
Deposit-type. 

Calcareous conglomerate 
Limestone; green mud 

Calcareous conglomerate 

Limestone; serpentinized 
enstatite peridotite; 

green mud 

Shelly conglomerate 

Calcareous rubble 

Limestone; green mud 

Chief animal remains. 

Pteropoda. 
Very few Foraminifera 

Rhizammina a1gmformis ; 
Poriferan spicules. 

J.;ithothamnion, Pol y z 0 a , 
Polychreta, Pavona, etc. 

Pelagic and benthic Fora
minifera, Pteropoda; 
fragments of benthic 
orgarusms. 

Shells, especially Turritella 
sp. 

Encrusting shallow - water 
orgarusms. 

Pteropoda; few solitary 
corals; Rluibdammina sp. 

(c. ii) Sands.-Nine samples of sands were obtained from shallow water ranging from 
13t m. down to 220 m. They all contain some siliceous material though the percentage 
varies considerably, as the following table (Table VIII) shows: 

Station. I 

24 
27 
53 
80 
89 

103 
112 
113 
178 

Average 

TABLE VIII. 

Depth (m.) 

73-200 
37 
13'5 

16--22 
193 
101 
113 
220 

91 

110m. 

% insoluble residue 
(mainly siliceous). 

13'6 
6·2 

32'4 

11'4 

38'0 

20'3% 

l'h~ type of sandy deposit is influenced considerably by the relative amount of siliceous 
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material present. Three representative samples are shown on PI. II, figs. 2-4. The first 
(fig. 2), from Sta. 178, contains practically no siliceous material, and is a typical calcareous 
sand composed largely of rounded Molluscan shell fragments together with lesser amounts 
of other organisms, of which an Echinoid spine, Balanus scutum and fragments of 
Polychret tubes, are identifiable in the figure. 

Fig. 3 shows another terrigenous sand with a considerable amount of quartz grains, 
from Sta. 163 off Zanzibar. The darker particles in the figure are the quartz grains, 
many of which are coloured brown; calcareous remains appear white or pale grey. The 
shell content of this sand is low and the chief sources of calcium carbonate are fragments of 
solitary corals, Polyzoa and occasional Foraminifera. This deposit is intermediate between 
the calcareous sand of fig. 2, and the very siliceous sand from Sta. 113, off Zanzibar, 
shown in fig 4. A.t this latter station calcareous remains are varied but none are very 
abundant. Pteropod shells are an interesting source of calcareous material in this deposit, 
which contains 38'0% of siliceous material, chiefly quartz grains. 

A.s is to be expected, the animal remains present are mainly those of shallow-water· 
organisms, especially of attached forms, that require a hard bottom. A few remains of 
animals from muddy sand, e. g. Uvigerin'1 pygmwa, occur, and also some remains of pelagic 
organisms, though these are rare. The following composite list illustrates the kinds of 
animals met with in these shallow-water deposits: 

Pelagic :
Foraminifera. 

Globige'"ina bulloides. 
Globigetinoides rubra. 

Pteropoda. 
Lim'1Cina inflata. 
Cteseis acicula. 
Cr. VilgUla. 
Hyalocylis st'riata. 
Clio pyramidata. 
lJiacria quadri.dentata. 

Benthic :
Foraminifera. 

Rhabdammina abyssorum. 
Rhizammina algreJormis. 

* Reophax sp. 
* H aplophtagmoides canariense. 
*H. grandiJormis. 

Textularia agglutinans. 
*T. carinata. 
*T. corrugata. 
T. g'ramen. 

*T. porrecta. 
T. sagittula var. atrata. 

*T. tuberosa. 
*1. trochus. 

Orbulina universa. 
Gl{)borotalia menardii. 

Diacria trispinosa. 
Cavolinia globulosa. 
C. longi'fost'ris. 
C. uncinata. 
Atlanta sp. 

Fish otoliths. 

Gaudryina rugulosa. 
*Quinqueloculina agglutinans. 
*Q. intricata. 
*Q. rupertiana. 
Spiroloculina depressa. 
Sp. grateloupi. 
Sp. grateloupi var. acescata. 
Sigmoilina schlumbergeri. 
Triloculina tricarinata. 
Tr. trigonula. 
Pyrgo anomala. 
P. murrhina. 
P. sarsi. 
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P. vespertilio. 
* Spirophthalmidium acutimargo. 
* N ubecularia tuberosa. 
*Carterina spiculotesta. 

PlacopsiLina cenomana. 
Robulus convergens. 
R. costatus var. multwostatus. 
R. orbicularis. 
Lenticulina rotukda. 
Nodosaria jlinti. 
N. srolaris. 
N. subsGalaris. 
Vaginulina legumen. 
V. linearis. 

*V. trwarinella . .. 
*Guttulina yabei. 
Sigmoidella elegantissima. 

* Polymorphina ovata. 
* N onion asterizans. 
*N. grateloupi. 
N. sGaphum. 
N. umhiliootulum. 

*NonWnella ? auria. 
* Elphidium artWulatum. 
El. cratictdatum. 
El. crispum. 

* El. maceUum. 
*Ozawaia tongaensis. 
Operculina gaimardi. 
O. granulosa. 
H eterostegina depressa. 

Mollusca. 
Conus sp. 
Terehra sp. 

Polyzoa. 
Cellaria sp. 

Cirripedia.. 
Balanus sp. 
Lepas sp. 

Heterostegina operculinoides. 
Sorites marginalis. 
Marginopora vertebralis. 
Alveolinella boscii. 
Bolivina simpsoni. 

*Chrysalidinella dimorpha. 
U'Ili{}erina aculeata. 
U.pygmma. 
U. tenuistriata. 

*Discorbis globularis var. bradyi 
Gyroidina soldani. 
Eponides prcecinctus. 

* Planopulvinulina dispansa. 
Rotalia Galear. 
R. margaritife:r:a. 
R. papillosa. 
Epistomina elegans. 

*Sphreridia papillata. 
Amphistegina radiata. 

* Planulina sp. 
Cibicides lobatulus. 
C. refulgens. 
Planorbulinella larvata. 
Gyspina globulus. 
G. vesWularis. 
Carpenteria monticularis. 
C. proteiformis. 
O. utricularis. 
Sporadotrema cylindricum. 
Sp. mesentericum. 
M iniacina miniacea. 

Oadmus sp. 
Dentalium sp. 

HasweUia sp. 

Ven-UGa sp. 

* These species were found in the sands only. 
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Lithothamnionere, Hydrocora:llinre and Hyalonema spicules also occur ill small 
quantities. 

(d) Globigerina Ooze. 

Globigerina ooze was obtained at sixteen stations ranging in depth from 353 to 3676 m., 

nr,2. . 11 
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with one exceptionally deep sample from 4499 m. The average depth of the deposit below 
sea-level, computed from the station depths, is 2481 m. This depth compares favourably 
with the average depth of the" Valdivia" samples (Murray and Philippi, 1908, p. 140), 
some of which were obtained in the Indian Ocean, namely 2890 m. It is very near the 
average for the samples obtained by the same expedition in the north-west region of the 
Indian Ocean only, namely 2330 m. Taking these records into account an average depth 
for Globigerina ooze in the Arabian Sea of 2405 m. is obtained. This depth is slightly less 
than two-thirds the average depth for the deposit from the seas of the world given by 
:Murray and Renard (1891, p. 214), namely 2002 fathoms (3696 m.). This average includes 
those deposits that could be called transitional ooze. If these were omitted, Murray's 
average depth for Globigerina ooze would be considerably lowered. The samples from 
below 4000 m. are mainly brown transitional oozes, but that from Sta. 173 at 4499 m. (the 
deepest at which Globigerina ooze was obtained) is exceptional in being a finely divided 
white Globigerina ooze with no appreciable amount of red clay. 

The percentage of calcium carbonate has not been determined, but estimations were 
made of the weight of the recognizable Foraminiferal fragments, and these ranged from 
9-7% to 48-9%; the average amount was 26-2%. The very high percentage of Fora
minifera (48'9%) at Sta. 127 (at 4091 m.) is remarkable in that it is double that found at 
stations in similar depths. At this depth one would have expected the amount of calcium 
carbonate, and therefore of Foraminiferal tests, to have fallen off. 

(e) Transitional Ooze. 

Ooze transitional from Globigerina ooze to red clay was obtained at six stations 
ranging in depth from 3722 lll. to 4234 m. The average depth of the samples obtained was 
4038 m. These deposits all leave a considerable insoluble residue resembling red clay. 

The biological composition of this deposit is very similar to that of pure Globigerina 
ooze. The main differences are that transitional ooze usually contains fewer Foramiferal 
tests and other calcareous remains, and that rather fewer benthic species of Foraminifera 
are present. 

The biological composition of the two deposits is discussed below. 

Biological Composition of Globigerina Ooze and Transitional Ooze. 

The composition of these deposits from the biological standpoint is limited to a com
paratively small number of pelagic forms but includes many benthic species. Only sixteen 
of the twenty-five truly pelagic species of Foraminifera listed by Cushman (1933, p. 44) 
were obtained in these oozes. The following is a list of all the species identified: 

Pelagic :-
Globigerina bulloides. 
G1. dubia. 
G1. inflata. 
Globigerinoides conglobata. 
G1. ruora. 
Gl. saccu1ifera. 
Globigerine1la requilateralis. 
Gl. digitata. 

Orbulina universa. 
Pu1leniatina ob1iquiloculata. 
Sphceroidinella dehiscens. 
Globorotalia canariensis. 
Gl. crassa. 
Gl. menardii. 
G1. truncatulinoides. 
GZ. tumida, 
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Pteropoda. 
Limn,cina inflata. 
Creseis sp. 
CUMina columneUa. 

Benthic :-
Foraminifera. 

Rhabdammina abyssorum. 
Rh. abyssor'Um var. radiata. 
Rh. discreta. 
Rh. linearis. 

* MarsipeUa elongata. 
* Psammosphcera fusca. 
Saccammina sphcerica. 

*Tholosina bulla. 
* H yperammina friabilis. 
* Dendrophrya ramosa. 
* Reophax nodulosus. 
* Ammodiscus incertus. 
* Ammodiscoides turbinatus. 
* Ammolagena clavata. 
*Cyclammina compressa. 
Spiroplectammina milleUi. 

* Textularia flint •. 
T. gramen. 
T. sagittul4. 
Verneulina propinqua. 
Gaudryina ba<xJata. 
Clawlina communis. 

*Spiroloculina ? tenuis. 
SigmoiZina schlumhergeri. 

*Triloculina sp. 
Pyrgo anomala. 
P. denticulata. 
P. depressa. 
P. lucernula. 
P. murrhina. 
P. serrata. 

Cavolinia sp. 
Diacria quadridentata. 
Atlanta sp. 

Cornuspira carinata. 
, Planispirina sphrera. 

Robulus convergens. 
*R. subaculeatus. 
* Lenticulina subalata. 
Marginulina glabra. 
Dentalina filiformis. 

*lVodosaria hirsuta. 
*lV. pauperata. , 

Vaginulina legumen. 
* Lagena distoma. 
N onion umbilicatulum. 

* Bolivinita quadrilatera. 
Bulimina aculeata. 
B. ovata. 
B. pyrula. 
V irgulina suhsquamosa. 
Bolivina dilatata. 
Uvigerina aculeata. 
U. tenuistriata. 
Siphogenerina striata var. curta. 

* Rotalia broekhiana. 
Epistomina elegans. 
Cancris auriculus. 
Cymbalopot'etta squamosa. 
Ehrenbergina pooifica. 
Ghilostomella ovoidea. 
Planulina ariminensis. 
Pl. wuellerstorfi. 
Gibicides lobatulus. 

.. These species occurred only in Globigerina ooze. 
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Lamellibranchiata, larval Gas1l€ropoda, Echinoderm fragments, Ostracod valves and 
a few Coccoliths complete the list of calcareous remains present. 

Siliceous remains include a few Diatoms, Radiolari~ and Poriferan spicule-fragments. 
As is to be expected, Foraminifera form the bulk of the animal remains. The pelagic 

forms, though smaller in the number of species, are by far the commonest. Except in 
occasional samples the bottom-living forms are Scarce, and occur for the most part in those 
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samples of Globigerina ooze bordering on terrigenous muds. The above list of Foraminifera 
is in fair agreement with that given by Murray and Renard (1891, p. 214) for Globigerina 
ooze, and also with that of Hanzawa (1928, p. 68) for material from the south-west part 
of the North Pacific. The latter author, however, lists many more bottom-living species, 
the majority of which were very rare. Other organisms are usually conspicuous by their 
absence and again tend to occur more frequently in the deposits from lesser depths. Cocco
liths are exceedingly rare, and were identified in a few samples only after a careful search 
of the finest material. Evidently they are not typical of the Arabian Sea, though, according 
to ~Iurray and Renard (1891, p. 258), they are said to" playa most important part in all 
deep-sea deposits, with the exception of those laid down in polar and sub-polar regions". 

As the above list shows, few siliceous remains occur. Radiolarian skeletons and Pori
feran spicules could probably be demonstrated in most, if not all, of the samples of Glo
bigerina ooze by dissolving out the calcium carbonate from a sufficient quantity; but 
such remains are exceedingly rare, and of no importance as ooze-forming organisms in this 
type of deposit. Diatom remains are even less common and are usually fragmentary. 

Typical samples of the deposit are shown on PI. II, figs. 5, 6. That shown on fig. 6, 
from St~. 167, is of interest because of the great abundance of fragments of Globorotalia 
menlJ,rdi·i, which is by far 'the commonest species in the deposit at this station. 

(f) Pteropod Ooze. 

Under the category of Pteropod ooze I have included all deposits in which the Pteropod 
and Heteropod shells total more than 5'0% by woJight of the deposit. These deposits are 
all from the borders of the terrigenous mud areas, and might equally well be classed with 
these deposits except for the numerous remains of Pteropoda. Eight such deposits were 
found along the African coast, in the Gulf of Aden, at the southern end of the Red Sea, and 
in the Gulf of Oman, containing from 5·1 % to 14'2% of Pteropod shells, with an average 
of 8'9% (average of six samples). A further ten samples, in which the shells amounted to 
less than 5'0% (averaging 1'6%) have been classed with the green, brown or grey muds, to 
which they more properly belong. 

The depth of this deposit below the surface averages 255 m., with extremes of 155 m. 
and 411 m. This is far less than the average obtained by the" Valdivia" of 788 m. for 
twelve samples, and for those samples from the north-west area of the Indian Ocean alone 
the average obtained was 830 m. An average depth of 543 m. for the deposit in the North
west Indian Ocean is thus obtained. Both the present records and those of the" Valdivia" 
are from much shallower water than those obtained by the "Challenger". Murray and 
Renard give an average depth of 1044 fms. (1927 m.) for Pteropod ooze. 

Pteropod ooze may exhibit marked differences in appearance in different areas. Thus 
the deposit from Zanzibar and that from the Gulf of Oman are formed of the elongated 
conical shells of Creseis acicula and C. virgula with some of the striated Hyalocylis striata 
(see Pl. III, fig. 2); other species of Pteropoda are rare or absent. Other deposits, as 
for instance those from the south end of the Red Sea, are composed largely of the shells of 
Cavolinia spp., all nine species of which are frequently present, as well as species of Clio 
and Creseis (see PI. III, fig. I). 

,The biological composition of a Pteropod ooze is shown by the following lists of 
specIes: 

.' 
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Pelagic :-
Pteropoda. 

Peraclis reticulata. 
Limacina injlata. 
L. bulimoides. 
L. helicina. 
L. trochiformis. 
Oreseis ooicula. 
Or. virgula. 
HyaZocylis striata. 

Fora.minifera. 
Globigerina bulloides. 
GI. duhia. 
Globigerinoides congWbata. 
Gl. rubra. .. 
Gl. sacculifera. 
Globigerinella mquilateralis. 

Benthic :-
Foraminifera. 

Rhizammina algmformis. 
Reophax sp. 
Trochammitwides proteus. 
Oribrostomoldes brculyi. 
Textularia agglutinans. 
T. conica. 
T. pseudocarinata. 
T. rhomboidalis. 
T. sagittula var. fistulosa. 
Olavulina angularis. 
Ol. communis. 
Ol. pacifica. 
OZ. tricarinata. 

*Quinqueloculina sp. 
Spiroloculina depressa. 
Sp. grateloupi. 
Signwilina schZumbergeri. 
TriWculina tricarinata. 
Pyrgo depressa. • 
P. sarsi. 
P. vespertilio. 
Robulus acutauriculatis. 
R. calcar. 
R. denticuliferus. 
R. gibbus. 

* R. papillosus. 
N odos(Jff'w pauciloculata. 

*N. raphanus. 

Styliola subula. 
Clio pyramidata. 
Cuvierina columnella. 
Diacria quadridentata. 
Cavolinia globuZosa. 
O. longirostris. 
O. uncinata. 
Atlanta sp. 

GZobigerinella digitata. 
Orbulina universa. 
Pulleniatina obliquiZoculata. 
Oandeina nitida. 
Globorotalia canariensis. 
Gl. 1tl£nardii. 

Nodosar'ia scalaris. 
N. ve-rlcbralis. 
Sarllcenaria italica. 
X onion boueanum. 
Operculina granulosa. 
Sorites tnarginalis. 
Bulimi·n.a ovata. 
B. pagoda. 
B. pyrula. 

*Virgulina sp. 
Bolivina amygdalmformis. 
B. beyrichi. 
B. beyrichi var. alata. 

*B. compacta. 
B. 'fobusta. 
Utigerina brunnensis. 
U. pygmma. 

* Discorbis vilardeboana. 
* Eponides haidingeri. 
Ep. prmcinctus. 
Rotalia 1nargaritifera. 
R. papillosa. 
Ehrenb,ergina pacifica. 
Okilostomella ovoidea. 
Cibicii/es lobatulus. 
C. refulgens. 
Miniacina miniacea. 

'" These species were found in Pteropod ooze only. 
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Pt.eropod ooze is thus characterized by the large number of shells, and shell-fragments, 
of Pteropoda, the small number of GlolJigerince, though all the species found in Globigerina 
ooze may be present, and the large number of benthic Foraminifera, the number of species 
of these last (60) being practically the same as that found in Globigerina ooze (61). The 
species, however, are mainly those found in green mud. Forty-one sptcies are common to 
the green mud and Pteropod ooze and only eight to Pteropod ooze and Globigerina ooze. 
This is, of course, to be expected, as the Pteropod oozes occur on the edge of the green 
muds, whereas Globigerina ooze extends into much deeper water. Most of the species 
occur in small numbers only. 

Other remains of organisms, such as shell and Echinoderm fragments, are present, 
as in green mud. The average composition of four Pteropod oozes is given in Table IX, 
but owing to the extreme variability in the percentages the average values have little 
significance. 

TABLE IX. 

Group. 
Average 

Varia.tion. % deposit. 

All remains 58'0 74'7-39'0 

Echinodermata 5'7 16'9-0'9 
Lamellibranchiata 10'5 22'9-0·4 
Gasteropoda 9·3 17-5-0'9 
Pteropoda. 9'7 14-2-5'1 
Pisces 0-8 1-7-0 
Other remains 22-0 

Total 58-0 

The 22% "Other remains" is composed of various other macrofauna and Foraminifera_ 
The number of species of Pteropoda actually found in the deposits is low. The species 

of Cavolinia esp3cially are often lacking, though all the known species occur in the plankton 
of the north-west region of the Indian Ocean. Murray and Renard (1891, p. 224) list 
thirty-five species of Pt.eropoda and thirty-two of Heteropoda that may occur in Pteropod 
ooze. Only fifteen species were actually present in the samples examined, though six more 
were found in other types of deposit. Hanzawa (1928, p. 73) only found nine species of 
Pteropoda in oozes from the north Pacific. The Heteropoda have not been identified, but 
Atl'],nta spp. were of frequent occurrence both in Pteropod ooze and in other deposits. 
The distribution of Pteropod shells in the deposits is discussed elsewhere (p. 145). 

The following six species of Pteropoda were found occasionally in various deposits 
though not in Pteropod ooze : 

Peraclis mspinosa. Cavolinia gibbosa. 
Clio cuspidata. C. injlexa. 
Diacria trispinosa. C. tridentata. 

A comparison of the species identified from the plankton and the deposits shows the 
following differences : 

Species apparently present only in-
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Plankton. 

Clio chaptali. 
Deposits. 

Peraclis bispinosa. 
P. reticulata. 
Limacina bulinwi.des. 
L. helicina. 
Cuvierina columneUa. 
Cavolinia gibbosa. 
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Clio chaptali would appear to be a rare Arabian Sea species. It occurred only twice 
in the plankton hauls made by the expedition, each time a single specimen being obtained. 
The species found in the deposits only were likewise infrequent except for Cuvierina column
ella and Cavolinia gibbosa. This is probably due to the small size and delicate nature of the 
shells of Peraclis and Limuina, which tend to break up readily. The same reason probably 
accounts for their absence from the plankton hauls. It is highly probable that the shells 
were damaged by shaking or by the preservative and so were lost or rendered unrecognizable. 
Cuvierina columneUa and C"avolinia gibbosa have a much mOff} resistant shell, and would 
be expected to withstand contact with the particles of the deposit. These two species, 
however, were obtained only in the Zanzibar area, where they were quite frequent. It is 
remarkable that they did not occur in the plankton. At present these species have not been 
found alive, or as deposit-shells north of the equator in the Arabian Sea, though there are 
several records of both species from south of the line. 

(g) Red Clay. 

Only three samples of a deposit were obtained that could be assigned to this formation. 
They ranged in depth from 4285 m. to 5082 m., averaging 4720 m. This depth is 500 m. 
less than the average obtained by the" Valdivia" for red clay, 5288 m., and 300 m. less 
than the average given by Murray and Renard (1891, p. 190),2730 fIllS. (5040 m.), for red 
clay in general. 

The three samples of red clay are very pure. Calcareous remains were found in one 
sample only (Sta. 100), in very small quantities. Siliceous remains occurred in the samples 
from Stas. 100 and 101, a few sponge spicules and Coscinodiscus sp. being present but no 
Radiolaria. The third sample from Sta. 166 contained no calcareous or siliceous remains. 

Two other samples from Stas. 134 and 167 contained a large amount of red clay but, 
as they also contained large numbers of the species typical of Globigerina ooze, they have 
been included under the heading of " Transitional Ooze". 

The deposit from Sta. 166 was associated with large numbers of manganese nodules, 
about 125 kg. of which were obtained in one haul of the trawl. 

The red clay, like the grey clay already described, supports a very poor fauna and 
contains very few remains of pelagic organisms. This absence of remains in red clay has 
always been ascribed, among other factors, to the immense pressure in the depths raising 
the solubility of calcium carbonate and silica so that all the Globigerinm and other remains 
are dissolved, with the exception of some of the siliceors structures. In grey clay there is a 
very poor fauna, but owing to the lesser depth this cannot be ascribed to the high pressure. 
It is thus probable that the cause of the paucity of the fauna is different in the two 
instances. In the grey clay area of the northern Arabian Sea the bottom-water is poor in 
oxygen, and in p.uts the deposit, and perhaps also the overlying water, is charged with 
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hydrogen sulphide. Conditions are thus unfavourable for animal life. Farther south, in the 
red clay area, the oxygen content of the water is slightly higher. The amount of organic 
matter is about the same as in the grey clay. These then cannot be the factors limiting life. 
It is possible that the depth is the limiting factor here, very few animals having become 
adapted to life in the greatest depths. 

The increased oxygen-content of the water appears to have a considerable effect on 
the deposit. At the northern end of the Arabian Sea, where the oxygen deficiency is greatest, 
grey clays are deposited. Further south, under conditions of better oxygenation, red clays 
are laid down. 

(h) Depositsfrom the Maldive Archipelago. 

These deposits consist of sands and muds from the lagoons and the outer slopes of 
the atolls. Nine samples were obtained from the lagoons and eleven from the outer slopes 
of the atolls. 

(h. i) The Lagoon muds.-Five samples of mud and four of sand were obtained in the 
lagoons. The composition of the two deposits is very different and there appears to be little 
overlap of the two deposits. The depth and percentage of large material of animal origin 
in the muds is given below : 

Station. Depth (m.). % large animal remains. 

137 46 8'5 
142a 31 (24'9) 
142b 37 6·4 
147 27 6·7 
160 37 5·4 

Average 36 metres 6'75% (of 4 only) 

The percentage of larger animal fragments is thus fairly constant about 7'0%, except 
for Sta. 142a from Fadiffolu Atoll. These deposits contain remains of most shallow
water bottom-living organisms, but never in any quantity. Pelagic animals are repre
sented by: 

Foraminifera. 
Globigerina bulloides. 
Gl. dubia. 
Globigerinoides cmiglobata 
Gl. rubra. 
Gl. sacculifera. 
Globigerinella mquilateralis. 

Pteropoda. 

Globigerinella digitata. 
Orbulina universa. 
Globorotalia cana'l'iensis. 
GZ. crassa. 
GZ. menardii. 

Creseis acicula. Diacria quadridentata. 
Cr. virgula. Cavolinia longirostris. 

Bottom-living Foraminifera are few in species and rare in comparison with other 
deposits. The following species occur : 
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* Bathysiphon filif01'mis. 
Aschemonella ramuliformis. 
Troch'1mminoides proteus. 
Textularia conwa. 
T. Joliacea. 

*T. haueri. 
Clavulina communis. 

\ 

*Quinqueloculin'1 j,erussooii. 
*Q. reticulata. 
* M assilina inmqualis. 
Spiroloculina canaliculata. 
Sp. grateloupi. 
Pyrgo vespertilio. 
Latwarinina pauperata. 
Dentalina consolirina var. ertUWiata. 

Nodosaria pyrula. 
Nodosaria sp. 
N onion boueanum. 
Elphidium craticulatum. 
Operculina gaimardi. 
O. granulosa. 
H eterostegina depressa. 
H. suborbicularis. 
Amphisorus hemprichi. 
Borelis'melo. 
Alveolinella boscii. 
Epistomina elegans. 
Amphistegina radiata. 
Gypsina globulus. 

* These five species were found in the Lagoon muds only. 
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Crustacean material is quite common in most of these muds. Segments of the limb 
skeleton and large fragments of the cara.pace are of frequent occurrence. Other remains 
are very variable. Gasteropoda were abuIldant at Sta. 137, but were rare at Sta. 160, where 
small Lamellibranch valves were very common. Creseis spp. were present in four of these 
muds and were abundant at Sta. 160, but were absent from Sta. 142a. T4e type of material 
left on sieving coral mud is shown on Pl. III, fig. 6, which is from material obtained at 
Sm. 142b. 

(h. ii) The Lxgo(fn sands.-In the la.goon sands fragments of animal origin are very 
plentiful. Few pelagic organisms, but many bottom-living forms, are present among the 
remains. These sands and gravels are almost entirely of calcareous origin, and consist 
mainly of the remains of bottom-living species, especially corals and shells and sometimes 
also Foraminifera, as at Sta. 139, where they form over 50% by weight of the deposit 
(see PI. III, fig. 3). Coralline algre frequently form a large part of the deposit, as at 
Sta. 144, where fragments of Halimed1, sp. are common (see PI. III, fig. 4). Table X 
below gives the amount of animal fragmeIlts in these sands: 

'fABLE X. 

Station. J)epth (m.) .. 
% large animal remains 

in deposit. 

139 57 87'2 
141 44 50'6 
144 31 42'7 
161 46 31'5 

Average 45 metres I' 53'0% 

The percentage of larger animal material thus varies very considerably in the sands, but 
is always of a high order. The actual percentage probably depends upon the amount of 
tidal scour to which the deposit is exposed. 
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The lagoon sands are characterized by the absence of pelagic organisms. The only 
true pelagic organism found was a shell of Atlanta sp. Tretomphalus bulloides occurred in 
small numbers, but this species is not a true pelagic Foraminiferan, as it is attached in the 
young stages and only becomes pelagic as a fully grown organism. It is a shallow-water 
species. The following is a list of the Foraminifera present: 

Textularia agglutinans. Operculina gaimardi. 
*T. oandeina. O. granulosa. 
T. conica. Heterostegina depressa. 
T. joliacea. H. suborbicularis. 
T. gramen. Marginopora vertebralis. 

*T. pseudotroohus. Borelis melo. 
Quinqueloculina kerimhatica. Alveolinella boscii. 

*Q. parkeri. Amphistegina radiata. 
* jlassilina australis. Cawarina dejranci. 
Spiroloculina grateloupi. Cymbaloporetta bradyi. 

*Sp. tenuissima. C. squamosa. 
*Schlumhergerina alveoliniformis. * Acervulina inhmrens. 

Triloculina obionga. Gypsina vesicularis. 
Tr. trioarinata. Ca-rpenteria proteijo-rmis. 
Placopsili·na cenom.ana. C. utricularis. 

*Robulus sp. Homotrema rubrum. 
Elphidium craticulatum. Sporadotrema cylindricum. 
El. crispum. 1if. iniacina miniacea. 
Operculinella cumingi. 

* These species were identified from lagoon sands only. 

In addition to the above, remains of Alcyonaria, Polychreta, Lamellibranchiata, 
Gasteropoda, Scaphopoda and Echinodermata occur. 

The muds and sands of the lagoons thus differ considerably inter se in their contained 
organic materials. The muds tend to contain a representative selection of pelagic species 
which are almost entirely absent from the sands. The sands, on the other hand, are 
composed of remains of benthic organisms, especially Foraminifera, which may be present 
in considerable numbers. The bottom-living Foraminifera in the two deposits belong 
mainly to different species. Twenty-eight species were identified from the muds and 
thirty-six from the s:1nds, but only ten species are common to both deposits. Most of these 
latter are common, widely-distributed forms, such as Alveolinella boscii and Amphistegina 
radiata, that occur over a wide depth range, and in deposits varying from coarse littoral 
sands and gravels to fine muds from several hundred metres' depth. 

It follows, then, that the lagoon bottom must present two very different types of 
habitat. There is the fine ca.lcareous mud or ooze, apparently accumulating in calm 
water and in some cases conhining sulphuretted hydrogen. Alternatively there are hard 
sandy or even gravel bottom,'!, exposed to current action, which keeps the mud from 
accumulating, and which are suitable for an entirely different set of animals. 

The numbers of living animals obtained in hauls with the Priestman grab are shown 
in Table XI. 
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27 

31 
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44 

46 

57 
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Number of 
Station. successful 

hauls. 

147 1 

e42a} 144 
1 

{142b} 
160 

2 

141 1 

e37} 161 
2 

139 1 

AV. NO.OF 
ANIMALS 

TABLE XI. 

Animals. 

Total. A verage haul. 

30 

{ 01 22) 22J 

f15} 29 
l42 
31 

~J {2~} 
12 

METR.ES 

137 

Average Remarks. 
10m. 

interval. 

30 

{ H2S 

26 

{ ~S 
H2S 

21 

{ ~S 

12 

TEXT-FIG. 4.-Number of animals caught by grab in the lagoons of the l\1aldives. 

At Sta. 142a no animals were caught and H2S was present in the mud. This station 
was therefore neglected in obtaining the average number of animals per haul, as elsewhere 
the presence of this gas did not exclude the fauna. The gas was present at Stas. 137, 142b 
and 160, but animals were caught at all of these. 

The above figures are reproduced in Text-fig 4. They indicate that there is a high 
population in the lagoons in about 20-30 m., which falls off steadily as the depth increa es. 
There are no records from below 57 m., but as this is near the maximum depth for most 
lagoons we may expect the deeper waters to support about this number of animals per 
0'5 sq. m. 

There was no H2S at Sta. 161 to account for the very low figure of only six animals 
in the haul from 46 m., and Sta. 137 at the same depth gave the second best haul in the 
lagoons, 27 animals being caught, despite the presenc of hydrogen sulphide in a concen
tration estimated at 4'9 mgrm. per litre of water aspirated off the mud. 

(h. iii) Deposits from the OutfJ'r Reef-slopes.-Eleven samples were collected from the 
outer slopes of the reefs in depths from 101 to 1280 metres. The majority are clean or 
muddy sands, with varying amounts of animal remains as Table XII indicates. 
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TABLE XII. 
Station. Depth (m.). % animal remains. 

143 797 78'0 
145 494 48'3 
149 238 
151 101 
152 878 65'6 
157 229 
158 914 
159 1280 (5'5) 
163 274 35'9 
164 183 30'5 
165 366 86'3 

Average 523 metres 57'4% (of 6 only). 

The percentage of animal remains in these deposits is again high-higher even than in 
the shallower lagoon sands. The deposit is, however, of a finer nature, as much of this 
percentage is made up of the tests and fragments of Globigerinre and other pelagic organisms. 
Apparently much of the finest material is removed from this region by current action so that 
a fine sand is deposited instead of a mud, as in parts of the lagoons. The removal of fine 
mud only seems to occur down to about 1000 metres, as below this (e. g. at Sta. 159) 
mud is found with only a low percentage of animal fragments, and which approaches a 
Globigerina ooze in its composition. Coral muds thus appear to grade into Globigerina 
ooze at about 1000 metres. A sample of the animal remains occurring in these" slope" 
deposits, from Sta. 163, is shown on PI. III, fig. 5. 

The Foraminifera represent a very mixed fauna, as the deposit has characteristics of 
several of the more distinct deposit-types. Thus in shallow-water samples species from the 
sands and muds of the lagoons occur. In deeper water the deposit occupies the place of the 
terrigenous muds on the Continental slope, and many of the species occurring in the green 
and brown muds occur here also. Throughout its range the deposit contains considerable 
numbers of pelagic species, especially in the lower depths, where it grades into Globigerina 
ooze. Some of the bottom-living species of the Globigerina ooze are also present. Finally 
there are a number of Pteropoda present, as the deposit occupies the depths in which 
Pteropod ooze might be expected to occur. In this the deposit again parallels the green 
muds on the edge of the Globigerina ooze, which contain many Pteropoda and sometimes 
pass into Pteropod ooze. 

The following is a list of the Foraminifera and Pteropoda found in this deposit: 
Foraminifera. 

Globigerina buUoides. 
Gl. dubUt,. 
Globigerirwides conglOOata. 
Gl. rubra. 
Ol. sacculifera. 
Globigerinella requiJ..a.teralis. 
Gl. digitata. 
Orbulina umversa. 

Pu1leniatina obliquiloctdata. 
Sphreroidinella dehiscens. 
Globuroialia canariensis. 
Gl. crassa. 
Gl. m.enardii. 
Gl. truncatulinoides. 
Gl. tumida. 
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* Reopoo:x sCO'I'pilu.ms. 
Haplostiche dubia. 
Aschemonella ramuli/ormis I 

* H aplophragrrwides scitulum· 
AmmobacuJlites calcareum. 
Spiroplectammina miUetti. 
Textularia aggluti'(U1ns. 
T. conica. 
T. foliacea. 
T. gramen. 
T. sagittula. 

* Verneulina bradyi. 
*V. triquetra. 
Gaudryina bacoota. 
G. rugulosa. . 
Clavulina communis. 

*CZ. parisiensis. 
Quinqueloculina kerimbaticil· 
Spiroloculina depressa. 
Sp. grateloupi var. acescata,· 
Sigmoili·na schlumbergeri. 
Triloculina oblonga. 
Tf'. tricanttata. 
Pyrgo anomala. 
P. denticulata. 

* P. miUetti. 
P. murrhina. 
P. vespertilio. 
Biloculinella globula. 

*Cornuspira invo'lvens. 
* Robulus lucidus. 
R. orbicularis. 

* Lenticulina d' orbignyi. 
L. rotulata. 

* Den.tu.ti'OO. el.e9Q.'nS. 

Opeycu.tiMUa cu.mi'fl9i. 
Operculina gaimardi. 
O. granulosa. 
H eterostegina depressa. 
H. operculinoides. 
H. suborbicularis. 
Sorites marginalis. 
Amphisorus hemprichi. 
Marginopora vertebralis. 
Borelis melo. 
Alveolinella boscii. 
Bulimina actdeata. 
B. elongata. 
B. ovata. 
Uvigerina FYgmcea. 
U. schwageri. 

* Siplwgenerina columellaris. 
*8. raphanus. 
Angulogerina carinata. 
Gyroidina soldani. 
Rotalia calcar. 
Epistomina elegans. 
Cancris auriculus. 
Amphistegina radiata. 
Calcarina defranci. 
Cymbalopo'fetta bradyi. 
C. squarrwsa. 
Cymbaloporella tabellreformis. 
Chilostomella ovoidea. 
Planulina wueUerstorfi. 
Laticarinina pauperata. 
Cibicides lobattdus. 
Planorbulinella larvata. 
Gypsina globulus. 
C~'f~~ 'nml\~:\~M.~'f<U;. 

Nodosaria subscalaris 
oostata. 

var. patwi-· C. proteiformis. 

Saracenaria italica. 
* Lingtdina grandis. 
* Polyrrwrphina lanceolata. 
Elphidium craticuldtum. 
El. crispum. 

Pteropoda. 
Limacina bulinoides. 
L. inflata. 

. C. utricularis. 
H orrwirema rubrum. 
Sporadotrema cylindricurn. 
Sp. mesentericum. 
Miniacina miniacea. 

L. trochiJormis. 
Creseis acWuJ.a. 

, These 8~ies were found only in the del!osits from the outer 8lo~s of the Atolls. 
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Cr. virgula. 
H yalocylis striata. 
Clio cuspidata. 
CZ. pyramidata. 
Cuvierina columnella. 
Diacria quadridentata. 

Cavolinia gibbosa. 
C. globulosa. 
C. longirostris. 
C. uncinata. 
Atlanta sp. 
Otoliths. 

(j) Summ'lry of the Composition of the Deposit Types. 
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Table XIII summarizes the depth distribution and compo3ition of the various deposit 
types discussed in the foregoing pages. 

(k) The Effect of the Deposit Type on the Fauna. 

The type of deposit present appears to have a considerable effect upon the numbers of 
animals inhabiting an area, as it is hoped to show from the hauls taken with the grab on 
different types of sediment. The effect is probably due to the potential food value of the 
deposit as well as to its texture. 

Most of the grab samples are green or brown muds and these will be considered first. 
Animals were obtained at sixteen different depths, representing twenty-two hauls, and 
varied in numbers from as many as fifty-one downwards. Eleven samples contained more 
than ten specimens, five less than ten and the remaining six none. If the unproductive 
hauls are omitted the remainder average about 20 animals per 0·5 sq. m., allowing for 
those recorded as "few" or "several." For all twenty-two hauls the average is about 
14 per 0·5 sq. m. The number of phyla or lesser groups present is low in all hauls-usually 
between two and four; even in the haul with fifty-one animals only four groups were 
representei. Four of the six samples containing no live animals are quite distinct from the 
others. The bulk of the deposits are green or greenish-brown muds. In two instances 
hyp-rogen sulphide was present. One of these samples, from Sta. 77, contained no life, and 
the other, from Sta. 189, only four organisms. The other five barren samples all came from 
the Zanzibar Area. One, from Sta. 103, is a sandy, noncoherent green mud, almost classi
fiable as a muddy sand; anoth,er, from Sta. 113, is a muddy sand. There appears no reason 
why these depo3its should contain no live animals, and the samples are probably not 
representative of the locality. At Sta. 105 the ~eposit is a very clayey mud, almost a 
grey clay, and as has been seen (p. 110), this latter t}rpe of deposit seems to support few or 
no animals. The remaining two barren samples are from Stas. 114 and 125. The deposit at 
both of these is recorded as a light brown or yellowish mud overlying grey-green mud and 
grey clay respectively. This light brown mud appears to be peculiarly unable to support 
animal life. It was found also at Sta. 5 in the Red Sea, and here, again, nothing was caught 
in the dredge. 

The grey-white muds of the Maldive area are capable of supporting a considerable 
fauna. The number of animals present here is considerably higher than in the majority 
of example3 of green or brown mud, as the following summary of hauls shows: 
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Station. Number of animals. 
Nnmber of groups 

present. 

137 28 6 
142b 40 6 
147 30 4 
IGO 42 3 
164 38 5 

Average 36 5 

The number of groups represented is likewise rather higher. This greater abundance 
of animals in the shallow water of the lagoons is perhaps due to the greater production of 
vegetable matter in the shallow illuminated waters. ThIs vegetable matter and that 
derived from land vegetation forms a primary source of food for the plant- and detritus
feeders, and these in turn for the predatory species. 

There remain to be considered the coarser deposits, which may for this survey be put 
into two groups-the sand and rubble deposits of the continental shelf, and the sands and 
gravels of the Maldives. The latter are separable into coarse lagoon deposits and coarse 
deposits from deep water on the outer slopes of the atolls. 

On the continental· shelf there appears to be much less life in these deposits than in 
the muds. Of five samples, two yielded no animals at all and the other three varied up to 
twenty. The number of groups represented is fairly high, four and five, but at the third 
station (Sta. 89) the twelve specimens obtained all belonged to one species of Cardium-like 
Lamellibranch. The records for these stations and the Maldives are tabulated below: 

Station. 
No. of animals No. of groups 

present. present. 

Continental shelf . 89 12 1 
90 

112 " Several " 4 
113 
178 20 5 

Outer slopes of atolls 149 7 6 
150 
151 7 5 
163 11 3 
165 

Lagoons 139 12 5 
141 31 + " several " 6 
144 22 8 
161 8 6 

The fauna on coarse deposits on the slopes of the atolls thus appears to be rather 
similar in quantity to that from similar deposits on the continental shelf. The sands and 
gravels of the lagoons, however, obviously support a denser and more varied fauna. This 
fauna is very different from that of the lagoon muds. It consists chiefly of attached or 
sedentary animals or actively moving forms such as Crustacea. Ther~ aTe far fewer of the 

. ~. 
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burrowing and mud-feeding forms present. In other words here the" epifauna " is developed 
in place of the" in-fauna." 

In the following table (Table XIV) the number of times each of the different groups 
was obtained in each of the four types of deposit is shown. The figures in black type indicate 
that the animals recorded belong to the epifauna. It is readily seen that the Crelenterata, 
except for the Actinians and solitary corals, some of which live in the mud, belong to this 
attached fauna. They require a solid substratum, and do not occur on a muddy bottom 
whether this is of continental or coral origin. The solitary corals and perhaps the Actinians, 
on the other hand, may prefer a mud bottom. The single Actinian recorded, however, 
is probably an odd epizoic specimen dislodged from its support. Polyzoa were obtained only 
on the hard coral bottom. In contrast, the Polyclueta were obtained no less than fourteen 
times (out of a possible twenty) in the green and brown muds and five times in the fine 
white coral muds, but not at all in the coarser sandy deposits. 

TABLE XIV.-Nurnbe-r of Times Different Anim,als were Obtained by Grab in the Deposits. 

Group. 
Green and White Sandy Coral 

brown mud. mud. bottom. bottom. 

Porifera 2 6 
Hydroids 2 
Actinians 1 
Alcyonacea I 1 1 
Gorgonacea 1 
Madreporaria (colonial) 1 1 
Madreporaria (solitary) 2 2 
Polyzoa 1 
Polychreta 14 5 

Sipunculoidea 2 2 
Crustacea (unspecified) 3 

Amphipoda 1 
Isopoda 1 1 
Stomatopoda 2 3 1 
Paguridea 1 1 
Galatheidea 1 1 
Prawns '. 1 2 
Brachyura . 5 4 1 3 
Asteroidea . 1 
Ophiuroidea 3 2 3 
Echinoidea 2 2 
Holothuroidea 2 I 

~lonusca (unspecified) . 1 
Lamellibranchiata \ . 4 1 1 3 
Gasteropoda 1 2 
Scaphopoda 1 

Pteropoda 1 

Pisces 1 
Algre . 1 

m,2., I:! 
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The occurrence of the Sipunculoidea is interesting. These were obtained twice in 
coral mud and twice in the coarse coral deposits, but not in either of the deposits of the 
Continental Shelf. Apparently, therefore, it is not so much the fineness of the deposit 
which affects these animals as its chemical composition, a highly calcareous deposit being 
preferred to one with less calcium carbonate. It is not a question of these animals being 
limited to shallow lagoon water, as the above records range from 27 to 274 m., the latter 
depth being at a station well outside the atoll of ~Iinikoi. It is probable that these 
animals subsist on coral and coralline algal detritus broken off from the reefs by the 
action of the surf and boring organisms. 

The burrowing Stomatopoda prefer a muddy bottom to one composed of sand or 
gravel, though in one haul (Sta. 141) a single specimen was obtained from a depth of 44 m. 
on a gravel bottom. The Isopoda also apparently prefer a muddy bottom, not having 
been taken on the coarser substrata. On the other hand the Pr~wns and Galatheidea appear 
to prefer the coarser deposits, probably as these afford more protection under pebbles and 
shells and in the growth of attached forms. There is also less mud to clog the gills. Brach
yura, on the other hand, were frequently obtained on muds even in the presence of 
sulphuretted hydrogen. Thus at Sta. 77 the mud smelled strongly of sulphuretted hydrogen 
and the grab obtained 110 animals, but the Salpa dredge procured a single specimen of the 
crab Parilia alcocki Wood-Mason. Crabs also occurred frequently on the coarse coral 
deposits, though only once were they obtained on a sandy terrigenous bottom. None of the 
crabs have been identified, but it is highly probable that those from the muds will prove to 
be of very d~fferent types to those from the coral bottom, each type preferring its own type 
of bottom and not encroaching on the domain of the other to any extent. The one set 
would be adapted for living on or in the mud, whereas the others, adapted for a life above 
the mud among the corals, hydroids, etc., would be smothered if transferred to a soft mud. 

The Echinodermata prefer the mud bottoms to the coarser materials except for the 
Ophiuroidea which were common on the coarse coral deposits. Here again there are prob
ably two sets of species, one being epizoic forms living on or in sponges, on Gorgonians, 
hydroids, etc., whereas the others are true bottom-living species dwelling on or in the mud. 

With regard to the )lo11usca it is not possible to make a definite statement. Both 
Lamellibranchiata and Gasteropoda were obtained several times on terrigenous mud and on 
coarse coral bottoms. These may be attached forms of the epifauna present on the hard 
bottom. On the other hand, the molluscs from the hard bottom may be part of the true 
mud fauna living in the finer parts of these coarse deposits. A similar condition has been 
shown by Petersen (1914, p. 16) for Danish waters, where the true in-fauna is present 
though obscured by a large development of an epifauna-in his instances a mussel-bed. Here 
the bivalves and Gasteroporla may form the in-fauna with a considerable epifauna of 
attached forms and commensals, greatly restricting the area available for the mud-dwellers. 

V. THE DISTRIBUTION OF VARIOUS REMAINS IN THE DEPOSITS. 

The amount of the remains of any of the more commonly occurring groups present 
in the deposits fluctuates violently over very small depth ranges in shallow waters, indi
cating that factors other than depth operate to determine the abundance of any group. 
This fluetuation is well seen in Table XV, showing the percentages of various groups from 
stations of equal depth. 
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TABLE XV. 
~ ---~- ----------,------------- -.--- _. ---,_"",,--- --

. ! Depth (m.) 

-- ---I ---- --------------
46. 91. 274. 

I 

------,--:--- ----- ---~--- ----- -- - i -----,---- ------

Station .! 137~ __ 16_1. ___ :3._ _17~ .. 189 . .i. ~~_\ 88. -i . 163. i 17IIb. lOt 

Foraminifera 
Echinodermata 
I,amellibranchiata 
Gasteropoda 
Pteropoda. 
Scaphopoda 

Total % 

.1 tr. (.. I 

.'1 0·3 I).} 
0·5 a·8 

I 7·1 6·3 

1·2 0·3 0·3 1·6 
1·4 0·3 0·1 0·8 

30·0 1·9 - 6·3 0·5 2 ·1 
7·8 5·0 15·3 0·2 6·8 

.1 0·3 }·5 tr. 0·4 3·1 0·6 0·3 

.. I 
---\---

8·2 114·6 

0·1 tr. 0·( .. I 

i 

42·0 7·5 22·8 3·1 1·3 1 11 .6 

tr. tr. 
1'9 O·} 
1·5 1·( 
2·1 0·2 

! 1·1 0·2 
0·1 

6·6 2·0 

These fluctuations cease at about 400 m. and the individual percentages remain 
relatively constant at about 2'0% or less for the next 300 m. This low percentage over the 
range 400-700 m. corresponds to the minimum amount of total remains shown in Text
fig. 1 (p. 114), and shows that the minimum in this curve is due to a general reduction in 
the amount of all groups and not to the absence of one or two. This phenomenon, shown by 
the fauna, has been pointed out by Hesse (1924, pp. 20, 262), drawing examples from the 
total number of species collected by the " Challenger", from the species of Ascidians and 
Brachyura of that expedition and from the Foraminifera collected by the •. Gazelle". This 
general decrease in the amount of animal remains, and therefore of animals, is due to the 
effect of the increased depth excluding much of the fauna, under uniform conditions of the 
bottom. In shallow water the effect of depth is largely masked by that of the less uniform 
nature of the bottom. 

The distribution of various remains in the deposits is considered in the following 
pages. 

(a) Pteropoda. 

The shells of Pteropoda are among the most commonly occurring remains to be found 
in the sediments of the Arabian Sea. As the sample analyses (section II) show, the per
centage weight of the sediments formed by these shells is seldom high. The highest amounts 
found were 14'2% and 11'2% (Stas. 28 and 75 respectively). Two other localities (Stas. 
206,207) gave 8'0% and 8,1 % respectively. These values are all far higher than the normal 
for this group of remains. The average value is only about 1'0%. Naturally such a low 
percentage does not give the mud a characteristic appearance, and the shells are usually 
inconspicuous in intact samples .. On sifting the mud, however, the shells are readily 
distinguishable and may form a considerable portion of the siftings, and in a few cases 
(Pteropod ooze) may far outnumber and outweigh other remains, which may be very 
scarce. 

Table XVI shows all the species of Pteropoda identified from the sediments, the number 
of times each was obtained, and the localities where they occurred. 
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TABLE XVI. 
-- --- ---.-~----- __ ------ -_-

~-~-----~ ---

Xumber Gulf of Gulf of South Xorth.ern i Zanzibar Maldive Number 
Species. of times Red Sea. Aden. Oman. 

Arabian ArabIan I area. area. of areas. 
ohtained. Coast. Sea. 

I -------- ----- -_-- ~-~------ -

Peraclis depressa 2 2 1 
P. reticltlala 1 1 1 
Limacitla inflata 20 5 10 1 2 2 5 
L. helicitla 2 1 1 2 
L. lmlillloides 4 1 3 2 
L. trochiforlllis 4 1 3 2 
Creseis aciwla 37 6 8 3 5 2 7 6 7 
Cr. virgilia 26 6 7 4 3 2 1 3 7 
Hyalocylis striata 21 6 8 3 2 2 5 
Styliola sulJtlla. 1 1 1 
Clw cll.~pidata . 8 3 4 1 3 
Cl. pyramidata 31 5 10 1 2 2 7 4 7 
C ftvieritla colullltielia . 7 1 6 2 
Diacria quadridentata 37 6 11 4 4 3 6 3 7 
D. trispinosa 6 3 3 2 
Cavolitlia gibbosa 6 6 1 
C. globlliosa 10 3 1 5 1 4 
C. injlexa 10 1 3 1 5 4 
C. lougirostris . 47 6 14 5 5 4 7 6 7 
C. tridetltata 15 1 2 10 2 4 
C. utlcinata 32 5 9 3 10 5 5 

-_-- ---- --_,---

Total number of I 21 14 18 9 7 8 13 10 
species ): 

- ---_-_ - -- ---- - ---_- --------

The above table includes six species not obtained in the plankton hauls, namely: 
Peraclis depressa. Litnacina helicina. 
P. reticulata. Cuvierina colmnnella. 
Linuwina bulimoides. Cavolinia gibbosa. 

On the other hand one species, Clio chaptali, obtained in the plankton hauls, was not 
identified from the sediments. 

Judging by the number of times each was taken, the commonest species appear to be 
Cavolinia longirostris, Diacria qu,adridentata, Oresms acicula, Cavolinia uncinata, Clio 
py·ramidata, Crese-is virgula, Hyalocyclis striata and Limacina inflata, in this order. Of these 
eight, the following occurred in all seven areas given in Table XVI: 

Oreseis acicula. Diacria qu,adridentata. 
Cr. vi-rgula. Cavolinia longirostris. 
Clio pyramidata. 

These are the most widely distributed species in the north-west area of the Indian 
Ocean. The other three species listed above, Litnacina inflata, Hyalocylis striata and 
Cavolinia uncinata, occurring in five of the areas, are next in order of distribution. The 
distribution of the less common species is seen from the table, the last column giving the 
number of regions in which each species was obtained. The" regions" used here are those 

. given in the" Station List" of the Expedition (Sewell, 1935b, p. 17). 
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It is apparent fro~ the table that the Gulf of Aden is richest in species, but is fairly 
closely followed by the southern end of the Red Sea and the Zanzibar Area. The remaining 
areas have less than half the total number of species identified in the deposits, and are 
thus comparatively poor in species. Except for the .:\laldive Area, these areas poor in 
species of Pteropoda are all in the northern part of the Arabian Sea. This is also noticeable 
in the catches of living Pteropoda. Fewer species were caught in the northern region than 
from the western side of the Arabian Sea or from the ~laldives. 

As already stated in the opening paragraphs of this section, the amount of any group 
in the deposits fluctuates considerably in the upper 400 m., but falls off below this depth. 
This applies equally to the Pteropoda. Moreover, there is only a small percentage of Ptero
pod shells in shallow water of less than 150 m. depth. This is probably due to the action 
of currents, which move the other remains and the sand and grind up the delicate shells of 
the Pteropoda. Below 150 m. the numbers fluctuate greatly, being very high in Pteropod 
ooze and green Pteropod muds and low in other green muds. Below 400 m., however, the 
numbers seem to reach a constant value of rather less than 2% of the deposit-at least down 
to 700 m. 

It is of interest to note that in the Zanzibar Area none of the Limacinidffi were found, 
nor were the Cavoliniid genera Hyalocylis and Styliola, but that all the other species listed 
above occurred at one or more stations. 

The occurrence of large numbers of Pteropod shells in the southern part of the Red Sea 
and in the Gulf of Oman can be correlated with the movements of the several bodies of 
water in these areas. 

During the summer season there is an outflow of highly saline water, from the Red 
Sea, over the" sill ", into the Gulf of Aden. This outflow is considerably diminished during 
the winter season, when there is a current of water flowing in the opposite direction. It is 
probably this Gulf of Aden water that carries the Pteropoda into the Red Sea, where they 
come into contact with the more saline and warmer Red Sea water, which proves fatal to 
them. Their shells sink down to form the deposit of Pteropod ooze met with on the north
west side of the" sill". Passing from the Gulf of Aden, over the" sill", into the Red Sea, 
the percentage of Pteropod shells in the deposit is at first negligible. At the highest point 
of the" sill" it is just measurable. On its north-west side it rises rapidly, and north of 
the" sill" reaches 8·0% of the deposit and over 60'0% of the total animal remains. Table 
XVII shows the available data for the occurrence of Pteropod shells in this region: 

TABLE XVII. 
Pt.eropod shells. 

Region. Station. Deposit.. 
% deposit.. % remains. 

Gulf of Aden 12 cs. s. sh. 
BE. side of " sill " 9 r., s. 
Top of " sill " 204 \ gn. m. Pt. sh. 0·4 1·5 
NW. side of " sill " 7 s., Pt. sh. 16·9 

206 Pt. oz. S·O 60·5 
207 Pt. oz. S·l 65·4 

Red Sea, north of " sill " 20S gn.m. 
209 calc. r., Pt. frags. 
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I t is apparent, therefore, that large numbers of the Pteropoda are killed off on entering 
the Red Sea and meeting the more saline and warmer water. There is another patch of 
Pteropod ooze in the middle of the Red Sea, about Lat. 19° N., but none North of this. 

The occurrence of Pteropod deposits in the Gulf of Oman can likewise be correlated 
with the mingling of masses of water of different temperature and salinity. The circulation 
here i. rather similar to that in the Gulf of Aden. Four separate bodies of water occur, as 
shown in the accompanying figllre (Text-fig. 5), which represents a longitudinal section of 
the Gulf of Oman. At the surface a stream of water of high salinity, temperature and 
oxygen-content derived from the Persian Gulf is flowing out of the Gulf of Oman. A 
second and lower body of Persian Gulf water, lying at a depth of 70 m. at the head of the 

TEXT-FIG. 5.-The circulation in the Gulf of Oman (after Thompson, unpublished). 

Gulf, sinks to 300 m. and also moves out of the Gulf. This water has a high temperature 
and alinity and is at first moderately well oxygenated (> 1'0 c.c. litre). It rapicUy loses 
its oxygen, which off Muscat has fallen to 0·25 c.c. litre. Both these bodies of water swing 
to the right out of the Gulf of Oman and flow along close to the Arabian coast. Between 
them is a mass of poorly oxygenated water of Jow salinity flowing into the (fulf of Oman 
from the Arabian I ea. This appears to divide, some of it passing hetween the two layers of 
Per. ian Gulf water and some under the lower layer between it and the bottom water. The 
latter. lying below 1500 m., is comparatively highly oxygenated and of low salinity. Thus 
at all depths above 1500 m., except at the surface, the water is poorly oxygenated. Pelagic 
organisms are brought into the area by the surface Arabian Sea water which sinks below the 
outflowing Persian Gulf water. The deficiency in oxygen and the increased salinity met 
with in this Persian Gulf water cause the death of many of these organisms, especially the 
Pteropoda, whose remains sink down to accumulate in the deposit. The Ghange in conditions 
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is probably not very abrupt, as no great number of Pteropoda are found in the deposits 
until the north-west end of the Gulf of Oman is reached. Here a small patch 01 Pteropod 
ooze occur.:; at Sta. 75. It is, of course, at this end of the Gulf that the difference between 
the inflowing and outflowing bodies of water is most marked. 

The formation of Pteropod ooze on the Bombay shelf, recorded by the RI.M.S. 
"Investigator ", may also be due to a sudden change in the hydrographical conditions, 
perhaps here to a lowering of the salinity by the influx of fresh water from the Gulf of 
Cambay. 

Along the African coast a similar fatal change in conditions is probably brought about 
by the upwelling of cold deeper water during the south-west monsoon. 

(b) Vertebrate Remains. 

Vertebrate remains were found at fifty-three stations, the most commonly occurring 
remains being fish otoliths, mainly of a uniform, very small size. Only occasionally were 
otoliths more than 5'0 mm. in length obtained. Otoliths occurred at forty-one of the fifty
three stations. Other Teleost remains were taken at a number of stations. Bones 
occurred in nineteen hauls and scales in nine. Among the latter, two hauls yielded 
triradiate spines, presumably scales of Diodon or a similar spinous form. Among 
the hones, vertebrffi were commonest, ranging in size up to 24 mm. across the 
centrum. Other identifiable bones were ribs, opercular, dentary, premaxilla, maxilla and 
symplectic of various species. Of other fish remains, sharks' teeth occurred twelve times. 
These were mainly small teeth from the Priestman grab samples from comparatively 
shallow water-less than 400 m. No teeth coated with a thin layer of manganese, such as 
are figured by :\Iurray and Henard (1891, pIs. v-viii), were found, and no ear bones or 
beaks of whales. A few teeth, forming the nuclei of manganese nodules, were found at 
St:l. I fiG. The following genera of sharks* are represented, the figures in brackets indicate 
the number of teeth found: 

Family Lamnidffi. 
IsU'rus sp. 

Sta. 54 {I}. 
Sta. 176 (I). 
Sta. 193 (1). 

Family Carcharinidre. 
ApriOlwdon sp. 

Sta. 207 (2). 
ScoZ.iodon sp. 

Sta. 56 (2). 
Sta. 57 (2). 
Sta. 207 (I). 

Carcharinus sp. 
Sta. 34 (1). 
Sta. 56 (1). 
Sta. 57 (2). 
Sta. 59 (1). 
Sta. 86 (3). 
Sta. 176 (3). 
Sta. 207 (2). 

? Carcharinus sp. 
Sta. 75 (I). 
Sta. 89 (I). 
Sta. 179b (1). 

In addition a Teleost tooth, probably of a species of Et'ermalt'nclla, was identified from 
Sta.78. I 

Other remains include a large egg-case of a species of ray frnll1 SL1. 120 n no a tUft Ie 
scale from Sta. 153. 

* Identifications by Mr. J. R. Norman, Brit. Mus. (Nat. Rist.). 
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The more cOllllllonly occurring remains, otoliths, bones, seales and sharks' teeth have 
similar depth ranges. The following are the extremes of depth recorded for each type of 
remams : 

Otoliths (31,37), !H-2312 111. Scales 201-1061 m. 
Bones (37), 102-1269 m. Sharks' teeth, 101-3351 m. 

The figurl'~ in brc"tckets indicate the depths at which the remains were found in the lagoons 
of the )Ialdive Archipelago. The wide depth range of otoliths is in agreement with ~lurray's 
conclusion (18tH, pp. 267-8) that these are the most resistant of the ealcareous structures 
of fish. hut he (101':0; not roeol'll scales from any of the materials of the" Challenger" expe
dibOll. Bones. otitt'r than beaks and ear-bon('s of whales, \\'('1'0 only ohtained all three 
occasions. On the ot her hand he records teeth as .. exceptionally ahundant " in the pelagic 
deposits, especially ill reLl clay, whereas at no station in the north-west Indian Ocean were 
:-;harks' teeth wry COllllllon and none were obtain('d from red clay, the chief source of 
those obtained hy the .. Challenger", except those forming the nuclei of manganese nodules. 
Agassiz (1888. p. 281) comments on the unusual number of otoliths found in deposits from 
the Gulf of )lexico ill depths from 392-1568 fms. (725-2900 Ill.). Fish teeth also occurred 
here in some deposits from over 500 fms. (925 m.). 

(c) Siliceous Rewa-ins. 

(c. i) Porifem.-SilicPolls remains are rather rare in the deposits ann consist of 
Diatoms, fragments of sponge spicules and Radiolaria. Sponge spieuleR occurred most 
frequently, being found at thirty-three stations. At Sta. 175 only were they ahundant in 
green calcareous mud from 1618 Ill. At three other stations spicule fragments were fairly 
common, as follows: 

Station. Depth (m.). Deposit. 

JI9 1204 It. hr. clayey, gl. oz. 
135 2727 gl. oz. 
152 878 gy. Ill. 

Fragments of Poriferan skeletons were only of rare OCCllmmce at the remaining twenty
nine stations. The rarit~, of sponge spicules may be due to the physical state of the silica. 
According to Pirrsoll (l!)20, p. 433) this is in the colloidal form, awl is readily destroyed 
during organic decay and selfiom preserved as a fossil. He says that Hadiolaria and Diatoms, 
however, arc composed of silica in an insoluble form and are rarely destroyed. Xeverthclcss, 
Hadiolaria and Diatom frustules are by no means as cOlllmon as siliceous sponge spicules 
in the deposits. ~ponge spicules are present over a wide depth range, as the following 
figures show: 

~Ietres. No. of records. Metreil. No. of records. 

0--500 5 3000-4000 '2 
500-1000 5 4000-5000 oj 

1000--2000 8 Over 5000 I 
2000-3000 7 

It is noticeable that most of the records occur at the mouth of the Gulf of Aden or in 
the Zanzibar region and very few in the open sea. 

I 
,f ('" 
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(c.ii) Radiolaria.-Radiolaria were identified in sediments from nineteen stations, 
ranging in depth from 1173-4499 m. The distribution in depth is shown below: 

Metres. 

0-1000 
1000-2000 
2000-3000 

No. of records. 

6 
5 

Metres. 

3000-4000 
4000-5000 

No. of records. 

2 
6 

Radiolaria appear to be entirely absent from the shallower deposits. In those from 
below 1000 m. they occur very sparingly. At no station were they found in sufficient 
numbers to form a deposit that could be called Hadiolarian ooze; even in the South 
Somali Basin, in which l\lurray and Philippi (1908, p. 167) record a large area of the bottom 
as covered with Radiolarian ooze, none were obtained. There are no Hadiolaria in the 
pure red clay obtained in the Arabian Basin at Sta. 166, though a few were found in the 
transitional Globigerina ooze from the next station, Sta. 167. 

It is of interest that no less than nine of the records of Hadiolaria lie in or about the 
mouth of the Gulf of Aden and only one in the western part of the Gulf. The other nine 
records are scattered about the southern and central regions of the Arabian Sea. Xo records 
come from the Oman Basin, and only two from the extreme southern border of the Arabian 
Basin, one (Sta. 167) near the Carlsberg Ridge and the other (Sta. 135) on the western slope 
of the .Maldive ridge. 

(c. iii) D-iatmns.-Diatom frustules were found in the sediments from fifteen stations 
dotted about the Arabian Sea. Like the other siliceous remains diat()ms are not generally 
common, but in several places the~' are abundant. Thus, off the mouth of the Gulf of Aden, 
Diatom frustules were quite common at Stas. 22, 39 and 175, and off Has al Hadel were 
abundant in green mud from Stas. 55 and 56. The Diatoms from these two stations were 
all of one species, the large circular CosC'ino(Uscu,S oCIl.lis-irt'dis vaT. borealis (Bail.), (,l. 
Fragments of this or other Cosc'inodiscus spp. were the chief forms present at most of the 
other thirteen stations where diatom frllstules were found. At the remaining ten stations 
Diatoms were very rare. 

Diatom remains occur more frequently on the western side of the Arabian Sea than 
elsewhere as the following figures show : 

African and Arabian 
coastal regions. 

11 Stas. 

Central Arabian Sea. 

1 Sta. 

Eastern Arabian Sea. 

3 Stas. 

As alrea.dy stated (p. 120). Coscinodl:scus spp. occur abundantly in the surface waters of 
the northern Indian Ocean. The more frequent occurrence of these diatom:" in the d{'posits 
011 the western side of the Arabian Rna can probabl~' be correlat{'(l with incr{,Hsed produc
tivity due to the transport of nqtrient salts to tIl{' surfHc{' by upwelling water along the 
African and Arabian coasts during the south-west monsoon. 

(d) Bottom·livin_q lUOll,tsc.a. 

The bottom-living lIollusca are represented in the sediments by shells and shell
fragments of Gastcropoda, Lamellibranchiata and Scaphopoda. The last, however, are 
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rather rare and usually negligible as components of the sediments. 'rhey were found in 
only fourteen samples. Table XVIII gives an idea of the relative importance of the three 
groups of Mollusca as components of the sediments: 

TABLE XVIII. 

Number of records. 

:\Iaximum % of lagoon sediments 
Average % of lagoon sediments 

lIaximum % in deep water 
Average % in deep water 

Average % in deep water (excluding 
abnormal values) . 

Gasteropoda. 
67. 

21·4 
6·4 

(9 Stas.) 
16·0 
3·9 

(24 Stas.)* 

2·8 

LameUibranchiata. 
60. 

13·5 
4·0 

(9 Stas.) 
30·0 
4·8 

(23 Stas.)* 

2·1 

Scaphopoda. 
14. 

2·6 
0·8 

(12 Stas.)* 

0·8 

* Incomplete samples or negligible quantities made averaging impossiLle at the other stations. 

The above table indicates that generally the Gasteropoda and Lamellibranchiata 
contribute about equally to the deposit. Either, however, may be entirely absent or vastly 
in excess of the other, attaining as much as 15-20o~ of the deposit (Gasteropoda) or even 
30% (Lamellibranchiata). The contributory value of each group varies in the lagoons and 
in deep water. Comparing the two more important groups, Gasteropoda and Lamelli
brallchiata, these contribute about equally to the deep-water deposits. In the lagoons, 
however, the Gasteropoda apparently contribute about half as much again as the Lamelli
branchiata. Although hoth Gasteropoda and Lamellibranchiata arc generally present, the 
actual percentage contributed by either to the deposit is usually low. The deposits from the 
following stations only contained more than 5% of shells: 

Stations with 5% or more of-

LamelliLranchiata. Gasteropoda. 

28 142a 28 142a 178 
72 144 73 144 189 
73 189 75 163 190 

103 190 139 164 

These stations occur in groups in several parts of the Arahian Sea. Stas. 72, 73 and 75 
are all at the north-western end of the Gulf of Oman: Stas. 28, 178, I8!! and 190 are 
in the Gulf of Aden; Stas. 139, 142a, 144, 163 awl 164 in the .Maldive Archipelago; and 
Sta. 103 off Zanzibar. These four regions appear to be the most prolific as regards the 
production of )Iollusca. 

The Gaflteropoda appear to contribute their maximum to the sediments in the lagoons, 
where the sands may contain large quantities of Gasteropod fragments. In deeper water 
the amount falls to only about three-fourths of this. The Lamellihranchiata, on the other 
hand, show the reverse. In deep water they may form large banks of shells or shells with 
mud, in which the shells may exceptionally form 30% of the deposit. Bu,t in the lagoons the 
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bivalve portion falls to less than half of this value, the maximum found in the Maldive 
samples being only 13'5%, as compared with 30'0'Yo for the open waters of the Arabian Sea. 

All three groups of Mollusca are most abundant in depths from 200-300 m. ,though 
they extend over varying depth ranges. Table XIX shows the depth range of the t.hree 
groups as deduced from the depths from which the sediments containing them were obtained: 

TABLE XIX. 

Depth (m.). 
I 

Number of times obtained. 

Gasteropoda. Lamellibranchiata. Scaphopoda. 

0-100 6 5 2 
100-200 S S 2 
200-300 17 16 5 
300-400 . 9 7 2 
400-500 2 3 
500-600 1 2 1 
600-700 2 2 2 
700-S00 2 
800-900 1 1 
900-1000 1 

lOOO-llOO 1 
llOO-1200 2 1 
1200-1300 1 4 

t t t t 
2300-2400 1 1 

I I t .I-y y 

3300-3400 1 1 

It is apparent from the above figures that the Gasteropoda and Lanwllibranchiata, 
have much the same bathymetriral ran~e, whereas the Scaphopoda are confined to lesser 
depths. The maximum occurrenC(l about 200-300 m. is in agreement with the results 
obtained for the depth distribution of the living )Iollusca taken in the grab, namely 160-
240 m. (see Text-fig. 3, p. 123). 

In most localities the shell rl~lllains are much broken and consist of fragment:;; of 
numerous species. At severa,l statiolls. however. the shells are almost entir(ll~' of one species, 
At Stas. ISO, 190 and 191 the shell component was almost (lxciusin'(y formed of vaIn'S of 
the Lamellibranch Ycn1ts torres i'1 WI. (Smith). This shell was also pr('sent in til(' dpposit 
at Stas. 28, 178, 17flb and H12, when~. howeyer. it was much less common. Laq!(l numb(lrs of 
the valves had a small round hole bored through thE'lll. pr('snmably h~' a earnivorous 
Gasteropod. 

The size of these valves is fairly uniform. At 8ta. ~!)1 most are about 13 m.l~ng. which 
is nearly the largest size fonnd at anv st.J.tion. At Sta. 180 several sizes of shell are common, 
These sizes are interme:liate betwee;l those found at Sta. 191. and those at Sta. 190 where 
all are rather small, between 7 and 8 mm. long. The presence of a standard size of shell 
seems to indicate that the bivalves are in most cases killed off en masse by unfavourable 
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conditions rather than by predatory animals. This is borne out by the small number of 
bored valves, amounting to only about 13'6% of the living animals. Among the small shells 
from Sta. 190 very few are bored, equivalent to only about 15'2% of the living animals. 
It is, of course, possible that a plague of predatory animals such as Asteroids may have 
caused the wholesale destruction of an age-group of the mollusca. 

In the case of the mixed sizes of shells from Sta. 180, the bored valves are equivalent 
to 74% of the living animals, leaving only 26% that have presumably been killed by animals 
other than boring Gasteropoda or have died from other causes. It seems that the carni
vorous Gasteropoda are the chief agents in killing off the Lamellibranchiata, accounting 
for almost three times as many as are killed by other means at this station. 

(e) Fo-raminifera. 

Tests of Foraminifera occur in practically all the deposits examined. Close on 300 
species and a few varieties have been identified, of which only sixteen species are pelagic. 
As a general rule the benthic species are commonest in relatively shallow water, i. e. the 
zone of green mud and sand and the lagoons and slopes of the atolls, though a number 
occur in the deep water deposits. The pelagic species are commonest in Globigerina ooze, 
in which the lack of variety is made up for by the great abundance of individual species, 
e. g. Globigerina bulloides and aloborotalia menardii. Pelagic species occur in the shallow 
water deposits, but in smaller numbers. Where the Globigerina ooze passes into green mud, 
pelagic Foraminifera are common .. As the depth at which the green mud lies decreases 
the number of pelagic specimens decreases, until finally, in the sandy green muds from 
100 m. or less, only occ!1sional isolated tests of Gl~bigerina may be found. 

The tabular summary of the deposit-types in Section IV (Table XIII, p. 140) shows the 
number of species in each of the deposits. The Foraminiferal faunas of the several deposits 
have been given in that section and need not be repeated. The following table (Table XX) 
shows the numbers of species in each deposit that also occur in each of the others. 

Comparing the numbers of species found in each deposit, it is obvious that the green 
muds are the zone in which species production has been most active. More than twice 
as many species occurred in this deposit as in any other. 

Apart from the grey clay, in which the number of species and specimens is very low, 
the percentage of species peculiar to each deposit is relatively constant, varying from 16'7% 
in Pteropod ooze to 35'4% in green mud. The greatest number of indigenous species occurs 
in green mud, which deposit contains by far the most abundant Foraminiferal fauna. 
Owing to this great abundance, 50-70% of the species found in the other deposits are found 
here. The actual valves found are shown in T~ble XX. The number of species common to 
any two deposits is further increased by the fact that there is no definite line of 
demarcation between the deposits, which pass into one another, so that some species may 
be assigned equally to two or more deposit types. 

It is noteworthy that the green muds have the greatest number of species in common 
with the deposits on the slopes of the Maldive atolls, almost 70% of the species found in 
the " slope" deposits occurring in the terrigenous muds. Apparently depth is a more 
potent factor in determining the distribution of the species than the tyPe of deposit. 

It has already been seen that the Pteropod ooze in the Arabian Sea lies in the transition 
zone between green mud and Globigerina ooze. The Foraminiferal fauna reflects this: 
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68'3% of the Pteropod ooze species are identical with green mud species. In the Globigerina 
ooze the percentage in common has fallen to 59. 

Very little can be deduced as regards the distribution of individual species, since the 
majority occurred only once or twice and usually in very small numbers. An idea of this 
paucity ofrecords can be gathered from the table of species present in green mud (Table V, 
p. 116). )'Iost of the species listed there occurred only once or twice. The same applies 
equally to the other deposits. At two stations only was a species taken in really large 
numbera. Rh'1bdunmill'l abyssol'wn 11. Sara was found at seven stations as follo'Ys : 

Sta. 50, Arabian coast, 
Stas. 26, 185, 188, Gulf of Aden. 
Stas. 109, 119, 12P, Zanzibar Area. 

At Stas. 120 and 185 the variety radiata Cushman occurred with the typical form. At six 
of these statiolls the species was not common, but at Sta. 185 it was exceedingly abundant. 
The residue left after washing out the mud from a sample of the deposit consisted almost 
('ntirely offragments of the tests of Rbbd'1mmin'1 (see PI. IV, fig. 2). 

At Sta. 105, in the Z:1nzibar Area, a second arenaceous species, Dend-rophrya -ranwsa 
Cushman, was obtain'3d in equally large numbers. The washed residue again consisted 
almost entirely of the one species (see PI. IV, fig. 1). This species was only obtained once 
more, at Sta. 119, also in the Zanzibar Area. 

Presumably the species in both instances has met with optimum environmental condi
tions. The factor permitting this great development is probably the nature of the bottom. 
The deposit, though still referable to the same deposit-type, may vary considerably in 
texture and value as a source of food over small distances. The hydrographical conditions, 
on the other hand, are relatively stable over much larger areas, and so are unlikely to be 
the major factor in controlling the development of these" Foraminifera-beds ". 

VI. SUMMARY. 

1. 185 samples of deposits from 131 stations in the Arabian Sea are described. The 
distribution of the main types Of llarine Deposits in the Arabian Sea is determined from 
earlier charts and these new materials. The transitional Globigerina ooze/red clay deposit 
is indicated separately on the new chart, as this mixed deposit is frequently difficult to 
assign to one or the other of its component types. 

The extent of the various deposits in the region of Zanzibar is shown in detail on a 
separate chart and is discussed. The distribution of the pelagic deposits here is correlated 
with water movements. 

2. The remains of organisms in the deposits have been separated out, and the per
centage of remains of each of the commoner phyla determine(l. The total percentage of 
remains in the deposits is correlated with the depth, being high in shallow water, low in 
500-600 m. and then rising again in about 1000 m. This rise is mainly due to the accumula
tion of Globi.lJerin'J, and other pelagic Foraminiferal shells at this depth. The Foraminifera 
and Pteropoda are identified. Other organisms are only classed into the appropriate 
phylum or order or occasionally genus. 

3. The samples of deposits and their contained animals collected with the Priestman 
grab are discussed at length. The shallow-water samples from the lagoons of the Maldive 

• Archipelago are considered separately. There is a steady falling off in the density of the 

, ., 
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population as the depth in the lagoon increases. The zonation of the fauna on the Continental 
Shelf, described by Alcock off the Ganjam coast, is present in the Arabian Sea. 

4. The depth range of the animals obtained by the grab is discussed. Lamellibranchiata, 
Ga.steropoda, Ophiuroidea, Prawns, Upogebia sp., Corals and Polychoota all have a large 
vertical range. The gre3.test number of forms occurred in 160-240 m. This depth is in 
agreement with that given by Alcock. This is the" mud-line" of :\lurray. 

5. The different types of deposit are reviewed as animal habitats in the light of the 
grab hauls. Green muds are rich life areas; grey muds and clays and light-brown or yellow 
muds are almost azoic. 1Iuds and sands from the lagoons are rich in life. Continental 
sandy deposits support fewer animals than deposits of similar texture from the ~laldive 
lagoon:;. The occurrence of different group.;;; on terrigenous muds and sands and the muds 
and sands of tho ~[aldives is tabulated. Cerbin groups are clearly shown to live mainly 
or exclusively. on the coarser deposits. 

6. The distribution of Pteropoda, Vertebrate remains, Siliceous organisms, bottom
living Mollusca and Foraminifera is discussed. The distribution of Pteropod deposits is 
correlated with peculiarities in the hydrographical conditions. 

The relationships of the benthic Foraminiferal faunas of the various deposit types are 
discussed in general terms. Green and brown muds have the largest Foraminiferal fauna. 
Over 50% of the species present in Pteropod ooze and Globigerina ooze are found in these 
deposits. The numbers and percentages of species common to any two deposits and those 
peculiar to each deposit are tabulated. 
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DESCRIPTION OF PLATE 1. 

l. Grey Mud: Sta. 85, off Bombay, X 15. 
l. Globigerina bulloides d'Orbigny. 
2. Globigerinoides sacculijera (Brady). 
3. Orbuhna universa d 'Orbigny. 
4. Pullmiatina obliq1l1:toculala (Parker and Jones). 
5. Globorotalia menardii (d·Orbigny). 
6. Trochammina globigeriniforlllis (Parker and Jones). 
7. Ot.olith. 
8. Mud lumps. 

2. Green Mud from shallow water: Sta. 74, Gulf of Oman, X ]. 
1. Creseis acicula Rang. 
2. Cr. virgula Rang. 
3. Diacria q'lladridefltata (Lesueur). 
4. Cavoliflia longirostris (Lesueur). 
5. Coral fragment. 
6. Polych<et tubes. 
7. Polyzoa. 
8. Echinoderm fragments. 
9. Crustacean fragments. 

10. Lamellibranchiata. 
11. Gasteropoda. 

3. Green }lud from deep water: Sta. 20, Gulf of Aden, X 15. 
1. Globigerina bulloides d'Orbigny. 
2. GZ. dubia Egger. 
3. Globorotalia menardii (d'Orbigny) . 
4. Pyrgo depressa (d 'Orbigny). 
5. Creseis acicula Rang. 
6. Otolith. 
7. Freea! pellets. 

4. Freca! pellets from Green )lud : Sta. l~, liulf of Aden, X 15. 
1. Globigerina bulloides d'Orbigny. 
2. Globorotalia canariensis (d'Orbigny). 
3. Ut-igerina sp. 
4. Freea! pellets. 

5. Diatomaceous Green Mud : Sta. 55, off Ras al Hadel, X 15. 
1. Creseis acicula Rang. 
2. Coscinodiscus ocuZis-iridis var. borealis (Bail.) (;l. 
3. Globi.gerina lrulloides d 'Orbigny. 

6. Coscinodiscus oculis-iridis var. boreah~ (Bail.) Cl. Specimens X c. 65. 
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DESCRIPTION OF PLATE II. 

1. Foraminifera from Green Mud: Sta. 190, Gulf of Aden, X 15. 
1. UvigeritJa pygm(pa d'Orbigny. 
2. Uvigerina sp. . 
3. Miliolid sp. 
4. Nonio'll boueanum (d'Orbigny). 
5. Globigerina btllloides d'Orbigny. 

2. Calcareous Terrigenous Sand: Sta. 178, Gulf of Aden, X 1. 
1. Lamellibranch valve. 
2. Gasteropod fragment. 
3. Echinoderm fragments. 
4. Crustacean fragment. 
5. Cirriped valves. 
6. Heterostegina sp. 
7. Poriferan spicule. 

3. Calcareous-Siliceous Sand: Sta. 103, off Zanzibar Island, X 1. 
1. I.amellibranch valves. 
2. Gasteropod fragments. 
3. Echinoderm fragment. 
4. Nodosaria sp. 
5. Solitary Coral. 
6. Pteropod shells. 
7. Polyzoa. 
8. Scaphopod shell. 
9. Miniacina miniacea (Pallas). 

4. Siliceous Sand: Sta. 113, between Pemba Island and Mainland, X 1. 
1. Lamellibranch valves. 
2. Pteropod shells. 
3. Foraminiferan, Heterostegina sp. 
4. Crustacean fragment. 

5. G10bigerina Ooze: Sta. 60, Northern Arabian Sea, X 15. 
1. Orbulina universa d'Orbigny. 
2. Globorotalia menardii (d'Orbigny). 
3. Pulleniati-na obliquiloculata (Parker and Jones). 
4. SphmToidinella dehiscens (Parker and Jones). 
5. Globigerina bulloides d'Orbigny. 
6. Gl. dubia Egger. 
7. Globigerinoides sacculiJera (Brady). 

6. Globigerina Ooze: Sta. 167, Central Arabian Sea, X 15. 
1. Orbulina universa d'Orbigny. 
2. Globorotalia menardii (d'Orbigny). 
3. Gl. tumida (Brady). 
4. Sphmroidinella dehiscens (Parker and Jones). 
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DESCRIPTION OF PLATE III. 

1. Pteropod Ooze, chiefly Cavolinia 101l.'lirostri8: Sta. 207, Red Sea, X 1. 
1. Cavolitlia longirostris (Lesueur). 
2. C. uncinata (Rang). 
3. Diacria quadridentata (Lesueur). 
1. Clio pyramidata Linnreus. 
5. Hyalocylis striata (Rang). 
6. Crcseis virgula Rang. 
7. Cr. acicula Rang. 
8. Atlanta sp. 
9. Lamellibranch valves. 

10. Gasteropod shells. 
11. Echinoderm shells. 
12. Fish scale. 

2. Pteropod Ooze, chiefly Creseis spp.: Sta. 75, Gulf of Oman, X 1. 
1. Cal'olitlia 1011girostris (Lesueur). 
2. Diacria quadridentata (Lesueur). 
3. Creseis aC'icula Rang. 
4. Atlanta sp. 
5. Lamellibranch valve. 
6. Gast~ropod shells. 
7. Scaphopod shell. 
8. Echinoderm shells. 
9. Polychret tube fragments. 

10. Crustacean fragments. 

3. Coarse Coral Gravel: Sta. 139, Maldive Archipelago, X 1. 
1. Lamellibranch fragments. 
2. Gasteropod fragments. 
3. Scaphopod shell. 
4. Alcyonarian spicules. 
5. Heterostegina sp. 
6. Placopsilina cenomana d'Orbigny, on Lamellibranch shell. 

4. Coar~ Coral Gravel: Sta. 1404, Maldive Archipelago, X 1. 
1. Lamellibranch valves. 
2. Gasteropod fragments. 
3. Echinoderm spine. 
4. Crustacean fragment. 
5. Amphistegina radiata (Fichtel and Moll). 
6. Halimeda sp. 
7. Lithothamnion sp. 

5. Coral Sand: Sta. 163, Maldive Archipelago, X 15. 
1. Limacina inflata (d'Orbigny). 
2. Atlanta sp. 
3. Lamellibranch fragments. 
4. Gast~ropod fragment. 
5. Polychret tube fragment. 
6. Rotaliid Foraminiferan. 
7. Amphistegina radiata (Fichtel and Moll). 
8. Globorotalia canariensis (d'Orbigny). 
9. Gl. menardii (d'Orbigny). 

6. Coral ~Iud: Sta. 142b, Maldive Archipelago, X 1. 
1. Lamellibranch fragments. 
2. Gasteropod shells. 
3. Echinoderm fragments. 
4. Crustacean fragments. 
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DESCRIPTION OF PLATE IV. 

1. Dendrophrya ramosa Cushman: Sta. 105, off Zanzibar, X 1. 
2. Rhalxlammina abyssorum M. Sars: Sta. 185, Gulf of Aden, X 1. 
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I. INTRODUCTION. 

HISTORICAL. 

Instances of Btmtification of marine sediments were first recorded by Murray and 
Renard (1891), though without comment. Longer stratified cores have since been described 
and discussed by Murray and Philippi (1908), Philippi (1910), Murray (1912) and more 
recently by 'Wlist (1933), Wattenberg (1933) and Schott (1935). The materials for these 
investigations come largely from the Southern Ocean, and Central and Southern Atlantic. 
The main achievement of the work has been to date various strata in the cores as of glacial 
age. The essential link in the work was furnished by Wattenberg (1933), who showed that 
deposits formed beneath cold polar waters were poor in calcium carbonate owing to the 
unsaturation of polar water with this substance. 

Recent work with a ne~ type of apparatus (Piggot, 1936), driven into the deposit by an 
explosive charge, has resulted ip. the collection of cores up to 2·97 m. in length. Preliminary 
work on these (Bradley et al., 1938) has shown that as many as four glacial strata are identifi
able, inter-layered with Globigerina ooze or limy m~d and with two layers of volcanic ash, 
one beneath the upper (surface) Globigerina ooze and the other between the third and fourth 
glacialstmta. The different strata found are approximately as follows (Bradley et al., 1938, 
pp. 42, 43): 

1. Globigerina ooze. 
2. Upper volcanic ash zone. \ 
3. First glacial zone. 
4. Globigerina ooze or limy clay. 
5. Second glacial zone. 
6. Globigerina ooze or limy clay. 

tn, 3. 13 
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7. Third glacial zone. 
8. Lower volcanic ash zone. 
9. Fourth glacial zone. 

10. Globigerina ooze or limy clay. 
The first two glacial zones may be only phases of one and the same glacial period, 

considered by Bradley et al. to correspond to the last or Wisconsin glaciation of North 
America. This large number of glacial strata has only been found west of the )Iid-Atlantic 
Ridge. East of the Ridge only one glacial zone has so far been identified in the cores. The 
cores show great variation in the thickness of corresponding strata, indicating that the 
rate of deposition is very variable in different parts of the ocean. 

Bradley et al. (1938) also summarise the work of Philippi (1910) and Schott (1935). 
That of Schott is of particular interest as it is on similar lines to the present work. Schott 
has shown that in Central Atlantic cores certain species of pelagic Foraminifera can be used 
to give indications of the temperature conditions at the time of deposition of the deposit. 
This leads to the possibility of dating a section of the core as of glacial age. Cold water 
species are found to be in the majority in glacial strata and warm-water species in the inter
glacial. Cushman (Bradley et al., 1938) has found that dating of the Nort.h Atlantic cores 
by this means agrees with the geological interpretation. 

The object of the present work is to investigate the Foraminifera of the cores obtained 
by the "John 1Inrray" Expedition in an attempt to demonstrate similar " climatic" 
stratification of the deposits in the Arabian Sea. Only the Foraminiferal evidence is 
discussed here. The geological and mineralogical evidence will be discussed by co-workers 
on the material. 

PELAGIC FORAMINIFERA. 

Cushman (1933, p. 44) lists twenty-five species of wholly pelagic Foramifera and several 
that are pelagic for part of the life-cycle only. Schott (1935, p. 44) states that these pelagic 
species are for the most part stenothermic, though some are eurythermic, warm-water 
animals. )Iost species live in the warm surface waters of tropical and sub-tropical regions, 
where only a small annual range of temperature occurs. According to Philippi (1910, p. 568) 
the following species found in the Arabian Sea occur most abundantly in warm waters: 

Globigeri'na dUbia. Pulleniatina obliquiloculata. 
Glob'igerinoides conglobata. Sphmroidinella dehiscens. 
Gl. rul.Yra. Globorotalia canariensis. 
Gl. sacculifera. Gl. menardii. 
Globigerinella (J3quilateralis. Gl. truncatulinoides. 
Gl. digitata. Gl. tumida. 
Orbulina univcrsa. 

The following three species, among others, not recorded from the present materials, 
are said to be most abundant in temperate waters: 

Globigerina bulloides. Globorotalia crassa. 
Gl. inflata. 

In the Arabian Sea the commonest species are: 
Globigerina bulloides. Globorotalia menardii. 
Gl. dUbia. Gl. tumida. 
Pulleniatina obliquiloculata. 
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Of these, only Globigerina bulloides and Globorotalia menardii are sufficiently abundant 
to be of general value as indicators of changing conditions. Globorotalia tumida is also of 
considerable use, as its fluctuations agree with those of Globorotalia meoordii; but it is 
never sufficiently abundant to be used as a separate " indicator". Other species are of 
occasional use where these variations are similar to those of one or other of the above species. 

MATERIALS. 

Six cores from Stations 119, 127, 128, 132, 134 and 135 in the Southern Arabian Sea 
have been examined in detail. They lie on a line from just south-east of Zanzibar to the 
south end of the Maldive Archipelago. \ 

METHODS. 

In all the samples examined the procedure was the same as that already used in the 
investigation of the surface deposits of the Arabian Sea. A small sample of the deposit was 
boiled in water, with the addition of potash, if necessary, until thoroughly broken down 
into its component particles .. The material was then washed through a linen sieve which 
retained the Foraminifera, while allowing the fine mud to pass through the meshes. 

The samples chosen for examination are from various horizons. In each core a surface 
sample was examined and three or four more from various parts of the core. Where possible 
these samples were chosen from regions of the core that appeared to differ on superficial 
examination. If no variations were apparent, samples were taken at levels roughly corres
ponding with those on other cores. Additional samples were studied as the progress of the 
work required. In all 43 samples were examined as shown in Table 1. 

TABLE I.-Depths in em. Below Top of COf'e. 

Station. 

119. 127. 128. 132. 134. 135. 

0 0 0 0 0 0 
4'5 4·0 5'0 6·0 5·0 6,0 

10,5 25'0 22'0 26'5 29,0 33'0 
33,0 51,0 32'5 45·0 59·0 61'0 
47'5 86,5 46'0 63,0 90,0 86·0 
58,5 96'5 65'0 91'0 107,5 113·0 
60,0 , 87,0 108,0 

95,0 
101'5 
110,5 
130,5 

The Foraminifera are treated in some detail. The pelagic and many of the benthic 
species have been identified and are listed elsewhere (pp. 162, 183 et seq.). A sample of 
the washed material was spread out under the binocular and the numbers of each pelagic 
species counted. The benthic species, always represented by few individuals, were 
counted together. Sufficient material to include at least one thousand specimens was 
counted and the numbers of each species expressed as parts per thousand tests. The 
results of these counts are shown in Table II. 
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II. DESCRIPTIO~ OF THE CORES EXA)HNED. 

In this section the origin and appearance of the cores are briefly described and the main 
variations in Foraminiferal content are outlined. Details of the behaviour of individual 
species are given in a later section (p. 168 et seq.) under each species. 
Station 119. 

Locality: South-east of Zanzibar. 
Depth: 1204 m. 
Length of Core: 68'5 cm. 
Description: The upper 9·0 cm. is a t.ypical pale brown Globigerina ooze. Below this, 

from 9,0-60'0 cm., lies a layer of very coherent mud containing far fewer specimens of 
pelagic Foraminifera. From 60·0 cm. to the bottom, the core is composed of Globigerina 
ooze very similar to that at the top of the core. 

The change in Foraminiferal content in the central portion is at once seen by reference 
to Table II, Sta. 119 : the depths 10'5,33'0 and 47'5 cm.lie in this layer. The corresponding 
figures show the numbers of each species in this zone as compared with the Globigerina 
ooze above and below. The numbers at 10'5 and 58'5 cm. are those in the transition layers 
between the mud and the Globigerina ooze. It is seen that the relative numbers of Globigerina 
bulloides, and to a lesser extent of Globigerinoides rubra, have increased at the expense of the 
other species enumerated. 

The number of benthic sp~cimens is much lower in the bottom part of the core. 
There is no significant difference between the numbers of most of the pelagic species 

found at the surface of the deposit and at the deepest level examined-65'0 cm. It is 
reasonable, therefore, to assume that the Globigerina oozes at the top and bottom of this 
core are very similar in composition; from which it follows that environmental conditions 
at the times when the top and bottom materials were deposited were similar. The probable 
times of deposition of these zones will be referred to later. 

The following table shows those species that are more abundant and those that are 
rarer at 47'5 cm. (the level where Globigerina bulloides is most abundant) as compared with 
the level below. 

More abundant species. 

Globigerina bulloides. 
Globigerinoides ruhra. 

Less abundant species. 

Globigerina dubia. 
Gl. inflata. 
Globigerinoides conglobata. 
Gl. sacculifera. 
Orbulina universa. 
Pulleniatina obliquiloculata. 
Sphwroidinclla dehiscens. 
Globorotalia orassa. 
GZ. menardii. 
Gl. t·runcatulinnides. 
GZ. tUlilida. 

The majority of the less abundant species are warm-water forms. Globigerina injlata 
and Globorotalia orassa, however, are cold-water species. Globigeriooid.es rubra is also a 
warm-water species, but is commoner in this zone. 
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Station 127. 
Locality: South Somali Basin. 
Depth: 4091 m. 
Length of core: 96·5 cm. 
Description: The core consists throughout of a brownish Globigerina ooze. There is no 

visible difference in the texture of the deposit at any horizon. At 57 '.5 cm. there is a slight 
change in colour to a greyish brown. 

There is a significant drop in the numbers of Globigerina bulloides at 25'0 cm. (Table II), 
with a corresponding rise in numbers of the warm-water forms Globorotalia menardii a:nd 
GZ. tumida. Somewhat lower, at 51'0 cm., there is a big rise in the numbers of Globigerina 
bulloides, probably to be correlated with the colour change at 57'5 em., with a considerable 
fall in numbers of both Globorotalia menardii and GZ. tumida. Lower still, at 86·5 cm., the 
number of G1,ob-igerin..a buJ1,oid,es is very near that in the two top samples. The numbers of 
Globorotalia tumida also are approximately equal at the surface and in this sample. At 
96'5 cm. the number of GZobigerina bulloides is still higher and many of the other species are 
less abundant than at 86'5 cm. 

The following species show significant differences in abundance at the depths indicated 
as compared with the numbers in the sample next below: 

4·Ocm. 

More abundant species. 

Globigerina bulloides. 
Globigerinoides conglobata. 
GZ. mbra. 
Gl. sacculifera. 

Less abundant species. 

Globigerina duhia. 
Orb·ulina universa. 
Sph.mroidinella dehiscens. 
Globorotalia crassa. 
GZ. menardii. 
Gl. tumida. 

Thus the commonest cold-water species, Globige·rina bulloides, shows an increase, 
while Globorotalia crassa, also a cold-water form, shows a decrease in numbers. Similarly, 
while most warm-water species show a decrease in numbers, the three species of Globige:ri
noides show an increase. 

25'0 cm. Globigerina d1..wia. 
Globigerinoides rubra. 
G!. sacculiJera. 
Orbulina universa 
Globorotalia crassa. 
Gl. menardii. 
Gl. tumida. 

Globigerina bulloides. 
Sphwroidinella dehiscens. 

Several other species show slight changes in numbers at this level. Of the above, more 
abundant species, only one, Globorotalia crassa, is a cold-water form. 

51·0 cm. Globigerina bulloides. 
Gl. dubia. 

Pulleniatina obliquiloculata. 
Sphwroidinella dehiscens. 
Globorotalia menardii. 
GZ. tumida. 

In addition, Globigerinoides conglobata shows a slight increase and Globorotalia crassa 
a slight decrease in numbers. 
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Globigerina dubia. 
Glo&igerinoides conglobata. 
Orbulina universa. 
Pulleniatina obli'luiloculata. 
Sphceroidinella dehiscens. 
Globorotalia menardii. 
Gl. tumida. 

Globigerina bulloides. 
Glo&igerirwides roora 
GZ. sacculifera. 
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Thus several species said to be warm-water forms fluctuate with Glo&igerina bulloides 
at this station, while Globorotalia crassa, a cbld-water form, agrees with the warm-water 
species in the top 4'0 cm. of the core. 

There is thus an alternate rise and fall in the numbers of most species at this station. 
Furthermore, the species with some exceptions fall into two groups. One group shows an 
increase in numbers while the other shows a decrease at the same horizon. At alternate 
horizons the other group shows an increase. 

The species thus show th!ee fluctuations as against the one in the core from Sta. 119. 
Similar fluctuations, though not always three in number, occur in all the following cores. 

Station 128. 
Locality: South Somali Basin. 
Depth: 4060 m. 
Length of core: 132'0 cm. 
Description: A transitional ooze throughout, similar to that from Sta. 127 but con

taining more red cia y. 
Large numbers of GlOOigerina bWloides occur at 0, 22'0, 87·0 and 130'5 cm. Small 

numbers of Pttlleniatina obliquiloculata, Globorotalia nwnardii and Gl. tumida correspond to 
each of these. The commoner species exhibit four maxima (Gl. bullo-ides) or minima (Globoro
talia rnenardii). 

The following species are more or less abundant at the levels where Glo&igerina bul
loides is present in large numbers, as compared with the sample next below: 

o cm. 

~2·0 cm. 

More abundant species. 

Globiger'ina bulloides. 
Gl. dubia. 
Globigerino-ides conglobata. 
GZ. saccuZ'IJ&a. , 
Globorotalia crassa. 
Gl. tmrwatulinoides. 

Globigerina bulloides. 
Gl. inflaw. 
Glo&igerinoides conglobata. 
Gl. rulJra. 
Gl. sacculifera. 
Orbuli'lla universa. 
Pulleniatina obliquiloculata. 
Sphmroidinclla dehiscens. 
Globorotalia truncat~lirwides. 

Less abundant species. 

Globigerina injiata. 
Orbulina un'iversa. 
Pulleniat,ina obl-iquiloculata. 
Sphce'fO'idinella dehisce'ns. 
Globorotalia m,enardii. 
Gl. tumida. 

Globigerina dulJia. 
Globorotalia crassa. 
Gl. m,enardii. 
Gl. tumida. 
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87'0 cm. 

130'5 cm. 

More abundant species. 
Globiger'ina ltUlloides. 
Globiger'inoides rubra. 
Glob(ll'otal'ia crassa. 

Globigerina bulloides. 
Gl. dubia. 
GZ. inflata. 
Globigerinoides oonglobata. 
Gl. rubra. 
GZ. saccu,ZiJera. 
Glooorotalia c'rassa. 

Less abundant species. 
Globigerina inflata. 
Globigerinoides conglobata. 
Gl. sacculiJera. 
Orbulina universa. 
Sphmroidinella dehiscens. 
Globorotalia rne-nardii 
Gl. truncatulinoides. 
Gl. tumida. 

P.ulleniatina obliquiloculata. 
Sphreroidinella dehiscens. 
Globorotalia rnenardii. 
Gl. tu,mida. 

Comparing these four levels, it is seen that certain species fluctuate in the same 
direction fairly constantly. Thus Globigerina bulloides, Gl. dubia, Globigerinoides con

globata, Gl. saccnl-iJera and Globorotalia crassa tend to increase together. At the same levels 
Globiger'ina injlata, Orbulina unil,'ersa, Pulleniatina obliqwiloculata, Sphceroidinella dehiscens, 
Globorotalia rnena.,dii and Gl. twnida usually fall in numbers. At 22·0 cm. O. universa, P. 
obliquiloculata and Sph. dehiscens actually increase, but in the case of the latter two the 
increase is very small. The remaining species, the numbers of which are often small, do 
not follow either of the species, Globigerina bulloide,s and Globorotalia menardii. 

In the intervening samples from this core the set of species containing Gl. menardii 
increases, while the numbers of the other set decrease. 

Station 132. 
Locality: On the Carlsberg Ridge. 
Depth: 4082 m. 
Length of core: 116'0 cm. 
Description: An almost pure, pale cream Globigerina ooze. The portion from 70,0 cm. 

to the bottom is greyish in colour. 
There is a very distinct maximum concentration of Globigerin(l bulloides at 6'0 cm. 

(Table II) and again at 108·0 em., in both cases coincident with low numbers of Globorotalia 
menard'ii. Globigerina b~,lloides is least common at 45·0 em. where Globorotalia me'nardii 
exhibits a maximum. The species showing an increase or decrease in numbers at 6,0 em. 
and 4.5'0 cm. are shown below. ~Io3t of those showing a decrease at 6,0 cm. show an increase 
at 45,0 cm. 

6,0 em. 

. '.; 

)Iore abundant species. 

Globigerinct bulloides. 
Gl. infiaul. 
Globigerinoides rubra. 
Gl. sacculifera. 

Less abundant species. 

Globiqerina duma. 
Orbulina universa. 
Pulleniatina obliquiloculata. 
Globorotalia crassa. 
Gl. rnenardii. 
Gl. tumida. 
Gl. truncatulinoides . 
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45'0 cm. 

Station 134. 

More abundant specios. 

Globigerina dubia. 
GZ. inflata. 
Globigerinoides conglobata. 
GZ. saccuZifera. 
Orbulina universa. 
Globorotalia menardii. 
GZ. crassa 
Gl. tumida. 

Less abundant species. 

Globigerina buZloides. 
Globigerinoides rubra. 
Pulleniatina obliquiloculata. 
Sphceroidinella dehiscens. 
Globorotalia truncatuli'rwides. 

Locality: South end of the Arabian Basin, west of the .\Ialdive Archipelago. 
Depth: 4234 m. 
Length of core,: 118'0 cm. 
Description: Globigerina ooze throughout. 

167 

There are slightly larger numbers of Globigerina bulloides in this core at 5'0 cm., corres
ponding to the maximum of this species at 6'0 cm. in the preceeding core This increase 
is not, however, reflected by a low concentration of Globorotalia 1nenardii, which is most 
abundant at this level. Pulleniatina obliquiloculata is rather scarce here. Small numbers of 
GZ. bulloides were found at 90'0 cm., corresponding to slightly increased numbers of Globoro
talia tumida, but not of Gl. metwrdii. Both Globigcrina b1tlloides and Globorotalia menardii 
are more abundant again at 107'5 cm., but GZ. tumida is less frequent. 

It is remarkable that at this station Globigerilw bulloides and Globorotalia menardii 
increase at the same horizoll8, whereas at the other stations they almost always fluctuate in 
opposite directions. The fluctuations of other species are also irregular. 

Station 135. 
Locality: West of the Maldives, on the edge of the Arabian Basin. 
Depth: 2727 m. 
Length of core: 120'5 cm. 
Description: Globigerina ooze throughout. The upper 28'5 cm. are fawn-coloured. 

Below this level the deposit has a greyish tint, which is more pronounced from 86·0 cm. to the 
bottom of the core. 

Large numbers of i Globiger'ina bulloides occur at 0 and 33'0 cm. along with small 
numbers of other species (see Table II). Below the latter leyel the numbers of Glo&igerina 
&uZloides decrease fairly steadily, while those of Pulleniatina obl£quiloc'ltlata and Globorotalia 
menardii increase. The species differing in abundance at 0 and 33'0 cm. are shown below. 

Ocm. 

~Iorc abundant species. 

Globigcrina bulloides. 
Globigerinoides -rubra. 

Less abundant species. 

Globigcrina d'ubia. 
Gt. inflata. 
Globiger-inoides conglobata. 
GZ. sacc1tlifera. 
Orbulitw universa. 
Pulleniatin,a obliquiloculata. 
Globorotalia menardii. 
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More a4undant species. Less abundant species. 

33·0 cm. Globigerina bulloides. Globigerina dubia. 
Globigerina oonglobata. Gl. inflata. 
Gl. saooulifera. Globigerinoides rubra. 
Orbulina universa. Globorotalia menardii. 
Pulleniatina obliquilooulata. Gl. tumida. 

In the above lists the less common species have been omitted. 
Orbulina universa and Pulleniatina obliquilooulata behave irregularly at this station. 

At the surface they agree with the warm-water species, Globorotalia menardii, in being less 
common, but at 33·0 cm. they are present in increased numbers, though here the warm-water 
species are again less common. 

As already remarked (p. 165), it is apparent from the foregoing lists that a number 
of species tend usually to fluctuate in the same direction. Thus the following six species 
frequently show an increase or decrease in numbers at the same level: 

Glooigerina inflaw. SphCIJroi<linella dehisoens. 
Orbulina universa. Globorotalia menardii. 
Pulleniatina obliquilooulata. Gl. tumida. 

Of this group, Gl. menardii is the most abundant. 
Globigerina bulloides almost always shows an opposite fluctuation to the above species. 

No other species varies in this manner so constantly, but the following frequently fluctuate 
with Gl.i;ulloides, though occasionally they may agree with the above group of species: 

Globigerina dubia. Globigerinoides saooulifera. 
Globigerinoides conglobata. Globorotalia crassa. 
Gl. ruora. 

The remaining four species, Globigerinella a:quilateralis, Gl. digitata, Globorotalia 
oanariens,is and Gl. trunoatulinoides, are rarer or do not show any marked tendency to 
agree with either Globigerina bulloides or Globorotalia menardii. 

III. THE PELAGIC FORA:\fINIFERA. 

The same pelagic species occur constantly in almost all the samples examined from the 
six cores. The sixteen species represented will be treated individually below, and an 
account of the fluctuations, which I have briefly outlined in the previous section, will be 
amplified under each species. 

Globige:rina bulloides d'Orbigny. 

This is a cold-water species. Tests are always present and for the most part fragmentary. 
The following figures show the number likely to be present in a 1000 tests of all kinds from 
the deposit : 

Range of numbers 176-848 per 1000.1 

)iean 530. 
Distribution: There appears to be no correlation of this species with depth or distance 

1 The " range of numbers" gives the largest and smallest numbers of the species found in all the 
samples from all the cores. The" mean" is the average of all these samples. 

" 
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from land. It appears to be fairly evenly distributed over the whole Arabian Sea in the 
deposits. The following means were found for the six stations :-

Station 119 127 128 132 134 135 
Mean. 596 544 414 653 405 4971 

Reference to Table II shows that the number of examples of this species that are 
present frequently shows violent fluctuations. The fluctuations at each station are as 
follows: 

Sta. 119: The two top samples and the lowest contain similar numbers. (This is also 
the case for other species ill this core.) The intermediate portion contains many more 
Globigerina bulloides. This is the mud portion of the core; the other samples are from 
Globigerina ooze. 

Sta. 127: There are very large numbers of GlobigerilUL bulloides at about 51·0. cm.; a 
little higher up at 25'0 cm. the number is almost halved. Higher still, in the top two 
samples, the number is high again and approximates to that found at 86'5 cm. At 96'5 
cm. the number of G1. bulloides is higher than at 51'0 cm. The surface maximum apparently 
corresponds to that at Sta. 119. The other two maxima are not represented at that station. 

Sta. 128: As already mentioned, the number of specimens fluctuates considerably from 
level to level. Large numbers occur at 0, 22'0, 87·0 and 130'5 cm. There is a very big drop 
in numbers at 5'0 cm. and smaller ones between the above levels. 

Sta. 132: There is a steady fall to the middle of this core and then a rise to the 
.; 

bottom. Large numbers occur at 6·0 and 108'0 cm. 
Sta. 134: Fluctuations are small at this station. Large numbers occur at 5'0 cm. 

and there are other slight increases in numbers at 59'5 and 107'5 cm. Smaller numbers 
occur in the intermediate levels, especially at 90·0 cm. 

Sta. 135: Large numbers occur at 0 and 33·0 cm. with a small drop in between at 
6'0 cm. N umbers are considerably less in the lower levels, with a decided minimum at 
113'0 em. 

Globigerina dubia Egger. 

This speCIes inhabits warmer waters than the preceding, and is probably most 
abundant in temperate-subtropical regions. It is fairly common in all samples examined. 
The tests are usually intact. The following are the numbers of specimens found: 

I 
Range of numbers ,21-141 per 1000. 
Mean 75. 

Distribution: There appears to be some correlation between the number of tests 
present and the depth. The species is also rather more abundant in deposits from the 
western side of the Arabian Sea, though it occurs commonly throughout the area. The 
figures below illustrate this correlation (the stations are in order from west to east) : 

Station 119 127 128 132 134 135 
Mean 84 74 73 66 62 93 
Depth (m.) 1204 4091 4060 4082 4234 2727 

Sta. 119: The numbers at the top and bottom of the core are similar, as in the case of 
1 These means are an average of the samples from all the levels at the respective stations. 
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the preceding species. Very few in comparison occur in the levels (33'0 and 47'5 cm.) in 
which Globigerina bttlloides is 80 abundant. The same phenomenon is seen in all the following 
species, with the exception of Globigerinoides ruhra, and need not be reiterated under each 
one. 

Sta. 127: The maximum nwnber occurs with the minimum of Globigerina bttlloides at 
25'0 cm. At other levels above and below this horizon the numbers are considerably less. 

Sta. 128: The maximum number of tests is found just below the level of the second 
GlobigerilU1 buZloides maximum (22'0 cm.) at 32'5 cm. A second large number occurs with 
many GZ. bttlloides at 130'5 cm., but the intermediate Gl. bulloides maxinlllIll at 87'0 cm. 
is not represented. 

Sta. 132: Low numbers correspond to the upper GZ. bulloides maximum. There is a 
maximum concentration at 45'0 cm. Below this level the nunlber of specimens falls off. 

Sta. 134: Numbers a're relatively uniform in the upper half of the core. There is 
a very definite maximum at 90'0 cm. where Globigerina bulloides is less frequent. 

Sta. 135: The species varies inversely as Globigeri~U1 bulloides at all horizons. 
Thus Glob£gerina dubia appears as a rule to vary inversely as GZ. bttlZoides, but it appears 

to fluctuate irregularly at Sta. 128. This inconsistency renders it unreliable as a guide to 
climatic conditions. 

Globigerina inflata d'Orbigny. 

GZobigetina inflata is a cold-water form. It is present at all six stations in small numbers, 
but is absent from three of the horizons examined at Sta. 127. The tests are usually intact. 

Hange of numbers O-IlS per 1000. 
lIean 19. 

The numbers of this species are very much higher at the three eastern stations. There 
is no apparent depth correlation. :\Iean numbers for each station follow: 

Station. 119 127 128 132 134 135 
)1ean 6 1 9 21 46 41 

Sta. 119: Although this is a cold-water form there is no maximum at this station 
corresponding to that of Globigerina bt,lloides. On the contrary, only one test in a thousand 
at this horizon belongs to this species. A possible explanation of this apparent anomaly may 
be that both species occupy the same habitat, and are in competition and the more abundant 
Globigerina bulla-ides ousts the other. 

Sta. 127: The species is very rare. 
Sta. 128: The numbers fluctuate in the opposite drrertion to those of Globigerina 

blllloides, except between 22'0 and 32'5 em., where both decrease in numbers. There are con
siderably more specimens in the upper 22·0 cm. than at any lower level except at 65·0 cm. 

Sta. 132: Increased numbers lie at different levels to those of Globigerina bulloides. 
There is a distinct minimum at 26'5 em" above that of the latter species. The numbers rise 
at 45'0 cm., where Globigerina bullvides is scarcest, fall somewhat at 63'0 cm., and rise again 
at 91'0 cm. to fall again at 108·0 cm., where Gl. bulloides increases in numbers again. 

Sta. 134: The upper 5'0 cm. are poor in Glob-igeritU1 inflata. Greater numbers occur 
at 29'0 and 90'0 cm. At 107'5 cm. there is a further mcrease in numbers, though Globigerina 
btl.lloides also increases at this level. 
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Sta. 135: Globigerina inflata i~ quite common at all levels in this core. Fluctuations 
alternate with those of Gl. bulloides down to 61·0 cm. At 86'0 cm. this species and Gl. 
bulloides are both more common than at the level above (61'0 cm.), but at 113·0 cm. Gl. 
bulloides decreases in numbers, while Gl. inflata rises to its maximum. 

Globigerinoides conglobata (Brady). 

This species is present in all but two of the samples examined. It is never very common, 
though quite frequent at Sta. 127. According to Philippi (1910, p. 568) it is a warm-water 
speCIes. 

Range of numbers 0-65 per 1000. 
Mean 15. 

OZ. conglobata appears to be rather commoner on the west side 
The following are average numbers per sample at each station: 

of the Arabian Sea. 

Station. 119 127 128 132 134 135 
Mean 18 27 13 11 5 12 

Sta. 119: In the mud zone (33'0-47'5 cm.) this species is extremely rare, but it is 
fairly common in the two Globigerina ooze zones (0-10'5 cm. and 58'5-65'0 cm.). Rather 
fewer specimens occur in the lower Globigerilla ooze as compared with the upper. 

Sta. 127: The number of specimens in the upper 4'5 cm. is considerably higher than 
elsewhere in the core. It falls steadily from the top to near the bottom of the core and then 
sharply at the bottom. There is no fluctuation in numbers corresponding to the increase 
in numbers of Globigerina bulloides at 51·0 cm. 

Sta. 128: Xumbers are high in the upper 22'0 cm. There is a marked fall at 32'5 cm. 
followed by a rise at 46'0 cm. and a second fall at 87'0 cm. From this point to the bottom 
of the core GZ. conglobata is uncommon. These variations correspond to opposite fluctuations 
of Globigerina bulhyides. 

Sta. 132: There is little change in numbers in the top 45'0 cm. At 63'0 cm. the number 
falls slightly and remains constant from this level to the bottom of the core. 

Sta. 134: Globigerilwides conglobata is absent from two horizons. Those in which it is 
fairly common (29'0 and 107'5 cm.) are those in which Glob-igen'na b'llllo-ides is less common. 

Sta. 135: The species is uniformly abundant throughout the core. 

Globigerinoides rtdJra (d'Orbigny). 

This species is present at all stations though absent from some samples. It is generally 
rare, but rather common at all levels at Stu. 135. It is said to occur mainly in warm waters. 

Range of numbers 0-1l9 per 1000. 
Mean 18. 

The tests of this species seem to survive best in shallow water. Being very small, they 
are presumably easily broken and dissolved. The mean!:; at each station follows: 

Station 
Mean 

119 
33 

127 
6 

128 
2 

132 134 
6. 1 

135 
75 
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Sta. 119: It is fairly common throughout the core, especially at 33·0 cm. Of all the 
pelagic species this and Globigerina bulloides are the only ones to be more abundant at this 
level than elsewhere. 

Sta. 127: It is present in the upper half of the core, but practically absent below. 
A maximum occurs at 4'0 cm., but there is no apparent correlation with the fluctuations of 
Globigerina bulloides. 

Sta. 128: A few specimens occur at each level except 101'5 and 110'5 cm. 
Sta. 132: There is a maximum at 6'0 cm. corresponding to one of Globigeri·na bulloides. 

Below this level few specimens occur. 
Sta. 134: The species is almost absent. 
Sta. 135: There is a maximum at the surface (cf. Globigerina bulloides), and another 

at 61'0 cm., somewhat lower than that of Gl. bulloides. There is a considerable drop in 
numbers at 86,0 cm. and a slight rise at 113·0 cm. 

Globigerinoides sacculifera (Brady). 

This warm-water species is present in most of the samples examined. The range in 
number of specimens is smaller than for Globigerinoides rubra. 

Range of numbers 0-52 per 1000. 
Mean 15. 

It appears to be fairly evenly distributed in the deposits, with a slight tendency to be 
commoner in the lesser depths. 

Station . 119 127 128 132 134 135 
Mean 19 17 11 13 6 30 

Sta. 119: This species shows the fall in numbers at 33'0 cm. already seen in the 
foregoing species with the exception of Globiger·inoides rubra. The number increases 
again in the lower layer of Globigerina ooze, but is slightly less than in the upper layer. 

Sta. 127: Considerable numbers occur in the upper 4'0 cm., but there is a big drop 
at a depth of 25·0 cm. Lower in the core the species is practically absent, but it is a little 
more frequent at the very bottom of the core. 

Sta. 128: Gl. sacculifera is fairly common at the surface, but in the first 5'0 cm. the 
number drops to a third of its surface value. At 22·0 cm. it rises considerably to fall again 
at 32'5 cm., and to rise again at 65·0 cm. The species is rare from 87,0 em. to the bottom of 
the core. 

Sta. 132: The maximum number is found at 6'0 cm. This is in agreement with 
Globigerina bulloides and Globigeri·noides rubra at this station. At 26'5 cm. and lower 
the number is much less and reaches a minimum at 91'0 cm., equal to the number at the 
surface. 

Sta. 134: The distribution is the reverse of that at Sta. 127. There are very few 
specimens in the first 60'0 cm., but from 90'0 cm. to the bottom the number is greater. 

Sta. 135: Globigerinoides sacculifera is common here. The largest numbers occur at 
33·0 cm. Below this level the numbers are only about half those in the upper half of the 
core. In this half slightly more specimens occur at 86'0 cm. There is a further slight fall 
in numbers at 113,0 cm. at the bottom of the core. 
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Gwbigerinella mquilateralis (Brady). 

This is a warm-water species. It is very rare, but occurs rather commonly at Sta. 135. 

Range of numbers 0-47 per 1000. 
Mean 4. 

Like Gwbigerina inflata it occurs chiefly in the eastern Arabian Sea. The following 
are the mean numbers per station: 

Station . 119 127 128 132 134 135 
Mean 0 0 I 0 0 6 22 

The species was not found at Stas. 119 and 127, and is practically absent from Stas. 128, 
and 132. 

Sta. 134: It occurs in fair numbers from 90·0 cm. to the bottom of the core, but is 
absent above this level. 

Sta. 135: Two maxima occur, at 6·0 and II3·0 cm. These correspond to small 
numbers of Gwbigerin.a bulloides. Very few tests occur at 33·0 cm. The species is much more 
abundant in the lower half of the core. 

GWbigerinella digitata (Brady). 

This species also occurs m;:tinly in tropical waters. It is rare in the Arabian Sea. 
Range of numbers 0-22 per 1000. 
~Iean 2. 

The species was not found at Stas. II9 and 134, and is rare at Stas. 127 and 128. It is 
slightly commoner at Sta. 132. 

Sta. 135: The species is fairly common here. The highest numbers occur at 33·0 cm. 
It was not found at 61·0 cm. 

Orbulina universa d'Orbigny. 

Although widely distributed the species is most abundant in tropical waters. 
Fragments of the test of this species are recognizable in all but one sample from Sta. 134 : 
whole tests are often wanting. It is most abundant at Sta. 135. 

Range of numbers 0-49 per 1000. 
Mean 14. 

O. universa seems to 00 generally distributed over the Arabian Sea, occurring rather 
more frequently in shallow water (Stas. 119, 135). Mean numbers per station follow: 

Station . 
Mean 

119 
18 

127 . 128 
14 II 

132 
14 

134 
7 

135 
23 

Sta. 119: There is a sharp fall in numbers at 33·0 cm., in the mud section of this core. 
The numbers rise again in the lower layer of Globigerina ooze. 

Sta. 127: A single maximum occurs at 25·0 cm. corresponding to a decrease in GZobi
gerina bulloides. The numbers at all levels tend to vary inversely with those of GZobigerina 
bulloides. 

Sta. 128: The species is more abundant in the upper half of the core. Increased 
numbers occur at 22·0 and 65·0 cm. 
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Sta. 132: Greatly increased numbers occur at 45·0 cm. There is a slight rise at 108'0 
cm. 

Sta. 134: The species is rare in the upper 60'0 cm. of the core. Considerably more 
specimens occur in the lower half, being most abundant from about 90'0 cm. to the bottom 
of the core. 

Sta. 135: Maximum numbers occur at 33'0 and 86'0 cm. ,~orresponding to high 
numbers of Globi,qerina bulloides. 

PuUeniatina obliquiloculata (Parker and Jones). 

This warm-water species is frequently abundant; it is present in all the samples 
examined. 

Range of numbers 13-145 per 1000. 
~Iean 56. 

The tests are very common at all stations, as the following means show: 

Station . 119 127 128 132 134 135 
Mean 62 55 65 41 48 66 

Sta. 119: The species is very common except in the mud section, i.e., at 33·0 and 47'5 
cm. It is most abundant in the upper Globigerina ooze layer. 

Sta. 127: Numbers are rather constant throughout most of the core, but rise to a 
maximum at 86'5 cm. 

Sta. 128: Larger numbers are found at 5'0,46'0 and 110'5 cm., at all of which levels 
Globiger·ina bulloides is rather less common than at adjacent levels. Comparatively few 
specimens occur at 130'5 cm. Apart from the increased numbers at 46'0 and 110'5 em., there 
is a fairly steady decrease in numbers from 5'0 cm. to the bottom of the core. 

Sta. 132: The species is most common in the centre of the core between 26'5 and 63'0 
cm. 

Sta. 134: Larger numbers occur at 29·0 and 107'5 cm. The first of these corresponds 
to low numbers of Globigerina b-1J,lloidR~. The second is 17'5 cm. lower than the second 
GZ. buZloides minimum. Small numbers correspond to the Gl. bulloides maximum at 5'0 cm. 

Sta. 135: The fluctuation in numbers is opposite to that of Globige,.i~UJ, bulloides, but 
there is no rise corresponding to the fall in numbers of this species at 61·0 cm. 

Sphreroidinella dehiscens (Parker and Jones). 

Whole tests are uncommon, but fragments occur in most of the samples examined. 
It is most common at Sta. 134. 

Range of numbers 0-46 per lOOO. 
)Iean 9. 

The species tends to be more frequent in deep-water samples. This is doubtless due to 
the greater resistance of the massive test of this species to solution compared with more 
delicate forms. The following are the average numbers at each station: 

Station . 119 127 128 132 134 135 
Depth (m.) 1204 4091 4060 4082 4234 2727 
Mean 3 11 10 5 28 2 

It is thus commonest in the core from the deepest locality. 
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Sta. 119: Only a few specimens occur here, none of them in the mud section of the 
core. 

Sta. 127: Few specimens occur in the upper part of the core. The species is quite 
frequent at 51·0 and 86'5 cm. The highest numbers occur at the latter depth. 

Sta. 128 : The distribution is the reverse of that at the previous station. Most specimens 
occur in the top 5'0 cm. The number of specimens varies inversely with the number of 
Globigerina bulloides. There is a sharp drop in numbers at 65·0 and 130'5 cm. 

Sta. 132: The species is rather uncommon. Slight increases in the numbers present 
occur at 63·0 and 91·0 cm. 

Sta. 134: Maximum numbers occur at the surface and at 90·0 ·cm., but there is no 
increase or decrease comparable to the drop in numbers of Globigerina bulloides at 29·0 cm. 

Sta. 135: The species is rare and is quite absent at 61'0 ems. 

Globorotalia canariensis (d'Orbigny). 

This species was only found in a few samples. It is fairly common at two levels from 
Sta. 135, but elsewhere it is rare. 

Range of number 0-17 per 1000. 
Mean 1. 

The average number per 1000 at each station is less than I except at Sta. 135, where the 
mean rises to 6, due to much larger numbers of specimens at 6·0 and 86'0 cm. 

Globorotalia crassa (d'Orbigny). 

This species occurred in about three-fourths of the samples, and is most frequent at Sta. 
128. It is one of the few cold-water forms present in the deposits. 

Range of numbers 0-78 per 1000. 
Mean 15. 

Gl. crassa appears to be commoner in deposits west of the Carlsberg Ridge, as the 
following figures indicate (Sta. 132 is on the Ridge) : 

Station . 
-'lean 

119 

13 
127 

14 
128 
26 

132 
17 

134 
7 

135 
2 

Sta. 119: This species is entirely absent at 33·0-47·5 cm. At higher and lower horizons 
the numbers are approximately equal. 

Sta. 127: A distinct maximum concentration of the species occurs at 25'0 cm., where 
fewer GIQbigeT'ina b1tlloidcs occur. It is very rare in the top 4·0 em. of this core. 

Sta. 128: The largest numbers occur at 46'0 and 130'5 cm., and there are marked 
minima at 22·0 and 1l0·0 cm. The maximum at 46·0 cm. coincides with the middle 
Globigerina buZloidcs minimum. 

Sta. 132: The species is absent in the top 6·0 cm., where Globigerina bulloides. is 
abundant. In the middle of the core it is fairly common, especially at 45·0 em., where GZ. 
bulloides is at its minimum, and at the bottom the number falls again and that of Gl. bulloides 
rlBes. 

III,3. 14 
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Sta. 134: GZ. crassa is absent from the top and bottom of the core, but present in the 
centre part, being most abundant at 29'0 cm., where the number of Globigerina bulloides is 
smallest. 

Sta. 135: Gl. crassa is uncommon in this core, occurring at two levels only, in both of 
which Globigerina bulloides is common. 

Globorotalia menardii (d'Orbigny). 

This is the commonest species of Globorotalia and is next in abundance to Globigerina 
bulloides. It is present in all the samples examined, usually in considerable numbers. It is 
essentially a tropical species. 

Range of numbers 18-450 per 1000. 
Mean 185. 

The mean figures for each station indicate that the species is commoner in the deposits 
from deep water. This is almost certainly due to the greater resistance of these large tests 
to decay and solution. The mean numbers are given below: 

Station . 119 127 128 132 134 135 
~lean 82 181. 264 . 137 301 108 

There is a very marked inverse fluctuation of this species compared with Globigerina 
bulloides. 

Sta. 119: There is a marked fall in numbers at 33'0 cm. Above and below this level 
the species is very common. 

Sta. 127 : A marked fall in numbers occurs at 51·0 cm. 
Sta. 128: ~o less than four minima occur at 0,22·0,87·0 and 130·5 cm., at all of which 

levels Globigeri'YUl bulloides is abundant. 
Sta. 132: There is a decrease in numbers at 6·0 and again at 108·0 cm. It is most 

abundant at 45·0 cm., where fewest Globigerina bulloides occur. 
Sta. 134: In the top and bottom portions of the core this species and Globigerina 

bulloides seem to fluctuate in the same direction, but between 5·0 and 59·5 cm. the fluctua
tions of the two species are inverse. The number of specimens varies only slightly in the 
upper half of the core; it is considerably less in the lower half. 

Sta. 135: Gl. menardii is rather less common than at other stations. It is more 
abundant in the lower half of the core. The fluctuations are opposite to those of 
Globigerina buUoides in the upper half of the core; but in the lower half the numbers increase 
continually to the _bottom of the core. 

Globorotalia truncatulinoides (d'Orbigny). 

This is a rather rare species, present in about one half of the samples. It is a tropical 
form. 

Range of numbers 0-39 per 1000. 
Mean 5. 

The species is commoner in the Somali Basin than on the eastern side of the Arabian 
Sea, as the following numbers show :-

Station 119 127 128 132 134 135 
Mean 9 2 9 4 0 0 

.. 
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Fluctuation in the numbers of the species are generally opposite to those of Globigerina 
bullnides. 

Sta. 119: It is entirely absent at 33·0 cm., where Globigerina bulloides is abundant. 
Sta. 127: It is very rare. The largest number occur at 51·0 cm. 
Sta. 128: Correlation with the numbers of Globigerina bulloides is bad. Fewer 

specimens occur with the first decrease in Globigerina bulloides, an increased number with 
the second, and the third is doubtful, as Gl. truncatulitwides is rare in the lower half of the 
core. There is a very distinct maximum at 22'0 cm. 

Sta. 132: The species is absent from the, two upper levels and rare in the lowest, in all 
of which Globigerina bulloides is abundant. 

Stas. 134, 135: The species is absent from Sta. 134 and practically so from Sta. 135. 

Globorotalia tumida (Brady). 
This species is next to Gl. menq,rdi·i in order of abundance in the genns, but is much less 

common. It also is found in tropical waters. 
Range of numbers {}-181 per 1000. 
Mean 38. 

It is generally distributed, being rather more frequent in the western part of the sea. 
Station . 119 127 128 132 134 135 
Mean 25 44 83 7 36 4 

Sta. 119: There is the usual fall in numbers at 33·0 cm. 
Sta. 127: The maximum occurs at 25'0 cm., corresponding to the minimum of Globi

gerina buzz.m.des, and two minima at 51·0 and 96·5 cm., where Gl. bulloides is commonest. 
Sta. 128: The numbers Huctuate inversely to those of Gl. bulloides in a marked degree. 

Smaller numbers occur at 22'0,65'5 and 130'5 cm. as compared with the intervening levels. 
Sta. 132: Decreases in numbers occur at 6·0 and 108·0 cm. 
Sta. 134: Numbers are higher in the centre of the core, falling considerably at the two 

extremities. The drop in numbers at 107'5 cm. is considerable. 
Sta. 135: Very few specimens occur in this core. 

From the foregoing data an idea of the distribution of the tests of pelagic species in the 
deposits of the Arabian Sea, and some of the species themselves, can be obtained. The 
apparent distribution of various species is shown in Table III. 

TABLE lII.-Range of Distribution of Species. 
'. I 

--~------------------------~ 

I 
I Deep water 

Evenly distributed. Mainly western part. i. Mainly eastern part. ( 40(0) > c. m .. 
I i-----------

GWbigerina 
btdloides 

Glolngerinoides 
sacculifera 

Pulleniatina 
obliquiloculata 

? Globorotalia 
, 
, 

~Otall_ _ 4 --I 

Globigerina dubia 
Globigerinoides 

conglobata , 
Orbulina universa : 
Globorotalia crassa 
Gl. truncat1'loides 

GI. tumida 

6 

G1000geritw 
injlata 

Globigerinella 
aquilateralis 

Gi. digiWta 

3 

Spnreroidinella 
dehiscem 

Globorotalia 
menardii 

2 

Shallow water 
« c. 3000 m.). 

Globigeriooides 
rubra 

( Pulleniatina 
obliquiloculata) 

(Orbulina 
un i vet'sa) 

1 (3) 
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The first three columns in all probability indicate real geographic distribution of 
species. The fourth and fifth columns probably show the distribution of dead tests only, and 
are probably due to differential destruction of the tests of th~ species. The one species 
found chiefly in shallow water, Gwbigerinoides rubra, has a small delicate test, unlikely 
to survive a long slow descent through the water without damage. The specimens of 
Gl. rubra identified were always complete tests, no fragments were found. Once broken it is 
probable that dissolution is rapid. Consequently, tests are to be expected only in compara
tively shallow water. Orbulina universa and Pulleniatina obliquiwculata also show a tendency 
to collect in shallow water. This again is to be correlated with a rather delicate test. In 
Orbulina universa the spherical test is very thin, with large perforations, and is easily 
crushed, as is evident from the few whole tests, but many fragments, that are present. 
The smooth polished test of P.ulleniatina obliquiwculata appears solid enough, but many of 
the specimens exhibit considerable erosion of the surface, and are very soft and crumble 
when touched. Evidently these two species do not survive a long passage to the bottom, 
but are broken up and probably dissolved on the way down. 

The two "deep-water" species, Sphmroidinella dehiscens and Gwbortalia rnenardii 
exhibit the opposite characteristics. In both the test is massive and not easily broken. 
Consequently the tests tend to accumulate on the bottom and in deep water, owing to the 
solution of the more delicate forms, comprise a greater proportion of the deposit than of the 
living population of pelagic Foraminifera. 

The proportions of each species in the deposit are thus, in part, at least, determined by 
selective destruction and hence differ from those of the living individuals occurring at the 
surface of the sea. Because of this the proportions found in one core are not strictly com
parable with those found in another if the depths of deposition differ substantially. The 
depths from which four of the present cores come are within a range of 174 m. and thus 
are comparable. The other two, from Stas. 119 and 135, are from much shallower water, 
and so might be expected to contain more of the more delicate forms, though movement 
of the deposit by currents probably destroys considerable numbers. 

From the stratigraphical standpoint the most important changes are those at successive 
levels in the deposit. Depth and selective destruction do not matter here, as the materials 
to be compared come from the same core and are only separated by a few centimetres 
vertically. Accordinlgy more reliance can be put upon such comparisons than upon hori
zontal ones. The main assumption made is that the relative rates of solution of the tests 
have been the same since the lowest part of the core was deposited. 

Further to illustrate the difficulty of correlating the cores Table IV may be cited. This 
shows the mean numbers of each species at successive levels for all six cores, the samples 
being grouped over short vertical depth-ranges. It has already been seen that individual 
cores show stratification in the numbers of individual species. In this table, however, these 
variations are less apparent, being smoothed out in averaging the samples. Only two 
Gwbigerina bulwides maxima occur as against three if the cores are taken separately. The 
explanation that there is no real stratification in the cores, the apparent stratification being 
due to sampling errors, is eliminated by the existence of visible signs of stratification, as at 
Sta. 119. The true explanation is probably that the rate of deposition varies with each 
region and deposit, so that comparable horizons are not quite at the same depths below 
the deposit surface. This is more likely, as the rate must be influenced by many factors, 
such as proximity to land and consequent abundance or lack of inorganic material, 
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abundance of remains of organisms, depth, solution, currents and no doubt other factors. 
Furthermore the tops of the cores do not represent the deposit surface, as variable 
amounts are lost from each during collection. These factors are apparently sufficient to 
eliminate evidence of the third peak of Gl. bulloides, which is less pronounced than the 
others. Hence in considering the stratification and variations in numbers of Foraminifera, 
each core must be treated separately. 

TABLE IV. 

I ' 'I ' , I I I ., I I I ~ I ' , , I '" " I "<:l , 

I 
0:) I GO ao 0:) i t! t:! j! '0 

Depth in i ~ I ~ lit! ~ i I ~ I t:s ~ I ~ • I •• :i I . . ~.: I tS I Q.. 
~:i ~ ~ I 01;'0 '0. t I ~ t ~ . I :; ~ ~ .: ~ g ~.~ .g:: .... ";:..:: I ~ 

core. I .~ ~ .5 . .: ~ I .~..c .:: • .: ~ I .:; -; .... S II ::s ~ i ~ ~ E S·~, ~ ~ ] ~ ] ~ S ~ ~ 
(em.) ca) 0 ~.~ t 1; i t ~I ~ t:t It;! I t:-;: t S ~ ~ '; &.1 c.~ loa I Q ~ C rj ~ ~ ~ ~ '= 

~~ .S?~ .~~ I .~::::: .~.s .S? t: .~ ~ .~'~ I :.;.~ ~:.:: I ~ ~ I E ~ 5 ~ 5 ~ 0 ~ c E 'Z 
! :.c;:! ..c" -0 ~ '-0 C ..Q ~ '..Q t:!..o ..0 '_ ~ -- ~ ..o::! ~ ..c ~ ..c s... o.Q s::! ...c lo.. ..Q;:! s= o ..0 C ~ 0 '" I C t",1. C .. I C ~ c IS 0 "'r.:$ ..c :;! ;.; 0 ~ "'t3 Co <.) I 0 ':.,;j 0. otoo. 0...... C -. Q 

CCC C lei C ,cc : 0 ~ I ~ 15 : sSe C ,~ 

o 536 -:-:':~1~11'-::-2 -1-!~-:-.-:- 0 ~-:- 4 I~:~ 
4-6 : 485 69 14 23 16, 26 2 3 13 69, 9 3 8 193 2 I 52 I 14 

22-33 I 482 '86 19 15 17 118; 1 5 17, 62 I 8 2 20 i 206 ' 40 ,35 8 
51-65 I 515 88 16 12 24 I 12: 5 1 21 59 I 10 2 15 I 175 6: 24 : 19 

90--96·5 I' 481 I 73 331 5 3· 9! 5 1 10 37 14, 1 , 13 i 246 3' 408 i 20 
1~_7.5-113 4069166, 51 I 9 17112115 2 11; 71 81 0 i 51 201 1 1 I 38

1 

25 

The foregoing statements of the fluctuations of the several species may now be sum
marized. It is seen that a few species agree with Globigerina bulloides in some parts of the 
cores, but not at all levels. Many more species fluctuate in the opposite direction while a 
number may vary irregularly. 

In the following graphs (Text-figs. 1 and 2) thirteen of the species found at Sta. 128 
have been plotted. The other three species are very rare. It is seen that Gl. bulloides 
stands practically alone. Globigerinoides Gonglobata, Gl. sacculifera and Gl. rubra (Text
fig. 1) agree fairly closely with it in their fluctuations, but their maxima tend to occur at 
slightly different levels to those of Globigerina bulloides. The initial fall from 0 to 5·0 cm. 
is not shown by Globigerinoides rubra; this species shows the final rise at the bottom of the 
core as does Globigerina bulloides. The other two species of Globigerinoides do not. The 
position of the third high value varies. In Globigerina bulloides it is at 87,0 cm. In Globigeri
ooides sacculifera and Gl.. rubra the corresponding peak occurs at 65'0 cm. and in Gl. 
oonglobata at 46·0 cm. 

Globigerina dubia shows a well-defined peak at 32,5 cm. and the final rise. This peak 
probably corresponds to the second of Gl. bulloides. Gl. dubia, however, does not show a 
well-defined third peak. Instead the curve descends in a series of steps from the peak at 
32,5 cm. to a minimum at llO'5 em., and then rises to a final high value at 130,5 cm. 

Globorotalia crassa shows a rather similar curve to Globigerina dubia, though there is a 
smaller variation in numbers between 65'0 cm. and the bottom of the core. 

The curve for Globorotalia trun.catulinoides shows three maxima, of which the first agrees 
in position with the second of Globigerina bulloides. ' The second is much nearer the first 
than in this latter species. The third also is at a higher level than in Gl. bulloides. This 
species, in company with Globigerinoides conglobata and Gl. sacculiJera shows only minor 
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fluctuations below 95·0 cm. There is no peak corresponding to the high value of Globigerina 
bulloides at the surface. 

The six species shown in Text-fig. 2 show much greater agreement. 
These species show maxima where the foregoing showed minima. Each of the species, 

Globorotalia m.enardii, GZ. t'umida, SphreroidineZla dehiscens, Orbulina universa, Pulleniatina 
obliquiloculata and Globigerina inflata shows three maxima. Except for a slight divergence 
in the case of Orbulina, these maxima are at practically the same level for all species.' 

According to Philippi (1910, p. 568) all the species shown in the two graphs are found 
mainly in equatorial waters. The three exceptions are Globigerina buZloides, GZ. inflata and 
Globorotalia crassa. On this grouping these three would be expected to show similar fluctua
tion curves. Actually they do not agree very closely. The curves of Globiger'ina bu,lloides 
and Globorotalia crassa bear some resemblance to one another, but that of Globigerina 
inflata is quite different. This curve agrees with those of essentially tropical species. GZ. 
inflata is as widely distributed and penetrates as far into high latitudes as GZ. bulloides. 
Like the latter species it is said to be essentially a cold-water form. It has already been 
stated that it is not very common in the Arabian Sea, though GZ. buZloides is often abundant. 
This suggests that its fluctuations are not entirely due to temperature conditions. The 
presence of large numbers of GZ. buZloides may restrict its numbers, perhaps by reducing 
the available food supply. How far the interrelations of all the species affect the numbers 
of each it is impossible to say, but there is doubtless some measure of competition between 
the species. 

The majority of pelagic species have a very wide range of distribution north and south 
of the equator. Thus Globigerina dubia, said by Philippi to be a warm-water species, is 
recorded by Brady (1884, p. 595) as occurring as far north as 56° N. lat., and as far south 
as 46° S. lat. It is thus difficult, if not impossible, to draw a hard and fast line between 
warm- and cold-water species. A species may penetrate much farther north in the Atlantic 
Ocean than, say, in the Pacific, depending upon the temperature of the water mass in which 
it is drifting. )loreover, many species must find their optimum conditions somewhere 
between the two extremes of heat and cold. It is possible that those species giving inter
mediate curves, e.g., Orbulina universa and Globorotalia crassa, are such. 

The above graphs (Text-figs. 1 and 2) illustrate all the common species at one station 
only. Very similar fluctuations occur at the other stations from which the same types of 
curve can be drawn. 

IV. THE BENTHIC FORAMINIFERA. 

Benthic Foraminifera are not very abundant in the deposits except in a few surface 
samples, notably from Stas. 119 and 134. They occur at all levels examined. The variations 
in numbers per 1000 tests are shown below: 

Range 3-73. 
Mean 17. 

The actual numbers per 1000 tests at each station and level examined are shown in the 
last column of Table I. They represent all species present, whether identified or not. The 
commoner species alone have been identified and appear below under their respective 
stations and levels. 
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STATION 119. 

Oem.: Rhabdammina abyssorum, Rh. discreta, Rh. linearis, Marsipella elongata, 
Tholosina bulla, Hyperammina friabilis, Dendrophrya ramosa, Reophax nodulosus, Ammo
discus incertus, Ammodiscoides t~rbiootus, Ammolagena clavata, Cyclammina compressa, 
Verneulioo propinqua, Triloculina sp., Pyrgo depressa, P. murrhina, Lenticulina subalata, 
Dentalina filiformis, Nonion umhilicatulum and Bolivinita quadrilatera. 

4·5 em.: Reophax sp., Textularia? concava, T. gramen, Gaudryioo robusta, Clavulina 
parisiensis, Quinqueloculina sp., Sigmoilina schlumbergeri, Triloculina trigonula, Pyrgo 
depressa, Robulus sp., Dentalina communis, Saracenaria italica, Lagena marginata, Nonion 
umbilicatulum, Bulimina elegans, B. ovata, Uvigerina aculeata, U. asperula, Eponides 
haidingeri, Epistomi'na elegans, Ceratobulimi1W contraria, Cassiduli1W subglobosa, Planulina 
ariminensis and Cibicides lobatulus. 

10·5 em.: Textularia sp., Py'rgo murrhina, Lagena margi1Wta, Nonion pompilioides, 
Elphidium crispum, E. jenseni, Bulimina aculeata, Uvigerina pygmaa, Rotalia sp. and 
Cassidulina subglobosa. 

33·0-33·5 em.: Pyrgo depressa, Ophthalmidium inconstans, Robulus sp., Cassidulina 
subglobosa and Chilostomella ovoidea. 

~7·5 --48·0 em. : Ophthalmidium inconstans, Lagena marginata, Uvigerina asperula and 
Cassidulina subglobosa. 

58·5-60·0 em.: Pyrgo murrhioo, Robulus sp., Lagena marginata, N onion umhilicatulum, 
Bulimina aculeata, Uvigerina asperula, U. pygmaJa, Ceratobulimina contraria and Cassidulina 
subglobosa. 

65·0 em.: qaudryina baccata, G. robusta, Clavulina communis, Quinqueloculina sp., 
Massilina areooria, Sigmoilina schlumbergeri, Pyrgo depressa, P. lucernula, Robulus sp., 
Nodosaria sp., Nonion umhilicatulum, Uvigerina aculeata, U. asperula, Eponides haidingeri, 
Epistomi'na elegans, Ceratobulimina contraria and Cibicides lobatulus . 

. ~. 
STATION 127. 

Oem.: No benthic species. 
4'0-4·5 em.: Reophax 1wd'ldosus, Lagena longispina, Virgulinasubsquam()sa, Cassidulina 

subglobosa and Planulina wuellerstorfi. 
25·0-26·5 em.: Verneulina bradyi, Lagena tnarginata and Virgulina subsquamosa. 
51·0-52·5 em.: Nonion pompilioides. 
86·5--88·0 em.: Pyrgo murrhina, N onion pompilioides and Planulina wuellerstorfi. 
96·~98·5 em. : Robulus sp., Lagena m.arginata and Cassidulina subglobosa. 

STATION 128. 

Oem.: Verneulina bradyi and Rotalia sp. 
5·0-5·05 em.: Pyrgo depressa, Robulus? gibbus, Rotalia sp. and Laticarinina pauperata. 
22·0-23·5 em.: Lagena marginata, Uvigerina asperula and Cassidulina subglobosa. 
32·~34·0 em.: Pyrgo murrhina, Robu,lus sp., Lagena marginata, Lagena sp., rirgulina 

subsquamosa,' Uvigerina asperula, U. pygmwa, Cassidulina subglobosa and ChilostomeUa 
ovoidea. 
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46·0--46·5 em.: Verneulina &!adyi, Gaudryina baccata, Pyrgo murrhina, Nanion umbili
catulum, Uvigerin'1 pygmma and Rotalia sp. 

65·5-67·0 em. : Pyrgo m'urrhina and Uvigerina pygmma. 
87·0-89·0 em.: Pyrgo mu'rrhina,Dentalina sp., Nanion umbilicatulum, Bulimina ovata 

and Chilostomella ovoidea. 
95·0-96·5 em.: Gaudryina baccata, Pyrgo murrhina, Uvigerin'l asperula and Cassi

dulina subglobosa. 
101·5 em.: Pyrgo murrhina, Lagena sp., Nonian umbilicatulum, Uvigerina pygmrea, 

Rotalia sp. and Cassidulina subglobosa. 
110·5-112·0 em.: Pyrgo murrhina, Lagena marginata, Nonion pompilioides, Uvigerina 

asperula and Cassidulina subglobosa. 
130·5-132·0 em.: No benthic species. 

STATION 132. 

Oem.: Verneulin'1 bradyi, Pyrgo murrhina, Lagena seminiformis and N onion pom
pilioides. 

6·0-8·0 em.: Pyrgo mur'rhina and Chilostomella ovoidea. 
26·5-28·0 em.: Pyrgo murrhina, Nonwn pompilWides, Virgulina suhsquamosa, Uvi-

gerina asperula, Chilostomella ovoidea, Planulina ariminensis and P. wuellerstorfi. 
45·0-47·0 em.: Planulina wuellerstorfi. 
63·0-64·5 em. : Pyrgo murrhina. 
91·0 em.: Pyrgo munhina. 
108·0-109·5 em.: Pyrgo murrhina, Nanwn pompilWides and Rotalia sp. 

STATION 134. 
Oem.: V i'rgulina s'ubsquamosa. 
5·0-6·0 em.: Reophax sp., Haplophragmoides ? latidmsatus, Nonion pompilWides, 

~V. umhilicatulwn and Rotalia sp. 
29·0-30·5 em.: Pyrgo mutrhina, Nonion pompilWides and N. umhilicatulum. 
59·5-61·0 em.: L'J,genlJ mlJrgin'J,ta, Glandulina rotundata, N anion pompilWides, 

Uvigerina pygmma, Rotalia sp., Cassidulina subglobosa, Planulina ariminensis and P. 
wuellerstorfi . 

90·0 em.: Textular,ia agglutinans, T. porrecta, Verneulina &!adyi, Triloculina oblonga, 
Pyrgo murrhina, Nanion pompilWides, Uvigerina asperula, Gyroidina soldanii and Planulina 
wuellerstorfi· 

107·5 em.: Textularia agglutinans, Pyrgo depressa, P. murrhina, Lagena alveolata, 
L. lrevis, Nonion pompilioides and Uvigerina asperula. 

STATION 135. 

Oem. : Rotalia &!cekhiana and Planulina wuellerstorfi. 
6·0-7·5 em.: Hyperammina friahilis, Glomospira charoides, Clavulina communis, 

Pyrgo murrhinlJ, Lagena marginata and Planulina wuellerstorfi. 
33·5-34·5 em.: Gaudryina baccata, Pyrgo murrhina and Planulina wuellerstorfi. 
61·0 em.: Pyrgo denticulata, P. murrhina, Lagena alveolata, Uvigerina pygrncea and 

Rotalia brcekhiana. 
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86·0-88·0 cm.: Verneulina bradyi, N odosa'l'ia sp., Lagena m.arginata, Uvigerina pygmma 
and Laticarinina pauperata. 

113·0 cm. : Pyrgo murrhina, Lagena m.arginata, Planulina wuellerstorfi and Laticarinina 
pauperata. 

All the commoner species are listed above. The number of species present at anyone 
station is small except at Sta. 119, where the number is more than double that at any other 
station. The numbers at each station are: 

Station. .' 119 127'. 128 132 134 135 
No. of species.' 56 10 19 10 21 14 

The presence of this large number of species at Sta. 119 is doubtless due to the shallower 
habitat. A large number of the species are forms commonly met with near land and in 
green mud. It is of interest to compare the species met with in the upper and lower layers 
of Globigerina ooze in this core. Twenty species occur in the surface deposit. At 4'5 cm., 
still in the Globigerina ooze, twenty-three species occur, but only two of these, Pyrgo 
depressa and N onian umhilicatulum, are common to both levels. In the lower Globigerina 
ooze, from 60'0 cm. to the bottom of the core, seventeen species occur. This layer has the 
same two species in common with the surface deposit, but no less than twelve in common 
with the 4'5 cm. layer, including Pyrgo depressa and Nonion umhilicatulum. 

The intermediate mud-layer, 9'0-60'0 em., is very poor in species. Only seven were 
identified; two, Ophthalmidium inconstans and ChilostO'mella ovaidea, occur here only in this 
core. One, Cassidulina subglobosa, occurs also in the 4'5 cm. layer. Pyrgo depressa is found 
at all levels and a species of Robulus in the 4'5 cm. sample and the bottom layer as well. 

At all other stations there seems to be only a slight correspondence in species at different 
levels. The possibility that this is due to the very small number of t€sts present in anyone 
sample must not be excluded. That so many are common to the bottom layer and to the 
4'5 cm. layer at Sta. 119 is further evidence of the remarkable similiarity of these two 
deposits here. From the different species found in the surface deposit, as compared with the 
4'5 cm. level, it is evident that there has been a big change in the benthic Foraminiferal 
fauna during the period of deposition of the top 4'5 cm. of the core. It is remarkable that 
there is no similar change in the pelagic fauna between these two horizons. Despite the 
almost complete change of species there is s<;arcely any change in the total number of 
benthic Foraminifera present. 

The top and bottom layers at Sta. 134 have only one species, Nonion pornpilioides, in 
common. At other stations too few species are present for comparison. 

TABLE V. 

6 stations. 5 sta.tions. 4 sta.tions. 
-------- -------~---- -----

Pyrgo mu".hiM V emeulina bradyi 
LageM marginata 
N onion pompilioides 

V irguliM subsquamosa 
Utigerina asperula 
U. pygmma 
Rotalia yp. . 

I Cassidttlina sttbglobosa 
PlanuliM wuellerstorfi 

3 stations. 

Pyrgo depressa 
i Robttlus sp. 
I N onion umbilicatttlum 

Planulina arimi"ensis 
Chilostomella oooid.ea 
GaudryiM baccata 
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There is very little correspondence between the species found at successive peaks in a 
core, or between those found at the corresponding peaks in different cores. There is, like
wise, little similarity between the total Foraminiferal faunas at different stations. Very few 
species occur at more than two stations. Seventy-one species were identified, of which 
those listed above (Table V) occurred at more than two stations. 

V. THE RATIO BETWEEN GLOBIGERINA BULWIDES AND GLOBOROTALIA 
MENARDII. 

In comparing the cores it is sufficient to use only a few of the species as indicators of 
conditions. Gwbigerina bulWides and Gwbarotalia menardii, as the two commonest, at once 
suggest themselves. The former species is mainly an inhabitant of cold water, whereas the 
latter is restricted to tropical and subtropical waters. Moreover, from the counts made 
there seems to be an inverse relationship between these two species. Statistical treatment 
shows that this relationship is real. The regression lines for the two species are shown in 
Text-fig. 3. 
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TEXT-FIG. 3.-Regression of Globigerina bulloides (x) and Globorotalia menardii (Y). 

The regression coefficients of the two species are : 

Globigerina bulloides -1,0. 
Globarotalia menardii -0'49; 

and the standard errors of these coefficients

Globigerina bulloides 0'151, 
Globorotalia menardii 0'072. 

The evidence of a population ratio between the two species is thus conclusive. 

900 
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These species are sufficient to show the trends of climatic conditions in the past. 
Because of this relationship it is possible to combine the numbers of the two species as a 
ratio of one to the other. The ratio Globigerina bulloides/Globorotalia menardii is adopted 
here. Table VI shows this ratio at all the levels examined in each core. Text-fig. 4 shows 
these values plotted against the corresponding depths below the tops of the cores. The 
peaks indicate large numbers of Globigerina bulloides relative to Globorotalia menardii, 
and therefore, cold conditions. Low values indicate that Gi. menardii is more abundant 
and that conditions during deposition were warmer. 

TABLE VI. 
Station. Om. Ratio. Om. Ratio. 

119 0 3·24 33'0 44'22 
4'5 3'15 47'5 3·39 

10'5 7'88 58'5 6·20 
127 0 4'41 25·0 1·15 

4'0 3·13 51·0 5·69 
128 0 3'52 46'0 1'05 

5·0 0'53 65'0 1'39 
22'0 3'72 87'0 3·30 
32'0 2·28 95'0 0'68 

132 0 5'40 45·0 2·03 
6·0 10·20 63'0 4'03 

26'5 4'38 91'0 5·23 
1M 0 1'51 29-0 1-08 

5·0 1'47 59'5 l' 61 
135 0 8-10 33'0 8'64 

6.0 5-39 61·0 3-69 

The ratio curves for the different cores are described below. 

Om. 

65'0 

86-5 
96-5 

101'5 
110-5 
130'5 

lO8-0 

90'0 
107'5 
86'0 

Ratio 

4·88 

2'54 
3·92 
0-46 
1'54 
3'94 

7'58 

1'19 
1·23 
3'54 

113'0 2'43 

Sta. 119: The graph of the Gl. bulloidesjGl. me'nardii ratio for this core shows low 
values in the upper layers and at the bottom of the core. The ratio reaches a very high 
value within the intermediate mud layer, due to increased numbers of Globigerina bulloide8 
and very few Globorotalia menardii. This is what would be expected if the mud-layer was 
deposited under cold conditions. This core is short and the graph shows only the one peak. 

Sta. 127 : This core is 96-5 cm. long. Reference to Table I and Text-fig. 4 shows that 
there are three peaks, at 0, 51·0 and 96-5 cm. The first most probably corresponds to that 
at Sta. 119. The difference in level is no doubt in part due to loss of the surface of the core. 
The second peak at 51'0 cm. probably indicates an earlier cold period not represented in the 
core from Sta. 119. Although that core goes down to a depth of 68-5 cm. the faster rate 
of deposition in shallow water may explain why the second zone was not reached at this 
depth. The final rise of the curve at 96-5 cm. indicates a third cold period. 

Sta. 128: This is the longest core obtained. Four cold periods are represented in its 
length. The first at the top of the core, corresponds to that seen at the surface in the cores 
from Stas. 119 and 127; that at 22·0 cm. corresponds to the second at Sta. 127. Two 
further peaks at 87'0 and 130'5 cm_ appear to indicate still earlier cold periods unrepresented 
in the preceding cores. 
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Sta. 132: The first peak occurs at 6'0 cm. and corresponds to the first one in the three 
preceding cores. There is a slight break in the slope of the curve at 63'0 em., probably 
indicating the second cold period. A definite peak at 108·0 cm. most probably corresponds 
to the third cold period. Its depth agrees with this interpretation, as it is reasonably near 
the position of the third peak at Stas. 127 and 128. Conditions in this region must have 
changed far less during the second cold period, as there is very little change in the pelagic 
fauna compared with the changes noticeable at Stas. 127 and 128. 

Sta. 134: Only very small fluctuations are detectable in this core. Without reference 
to the other cores it might be assumed that the graph of the ratio was a horizontal straight 
line. By comparison with the others, however, it is seen that the ratio rises slightly at 
depths corresponding to peaks in the graphs of the other cores. Slight increases in the ratio 
at 0 and 59'5 cm. appear to correspond to the first and second peaks of the other cores. A 
third rise is very doubtful. The ratio increases very slightly from 90·0 to 107'5 cm., so there 
may be a third peak below this depth in the deposit at this station, but the Bigelow tube 
penetrated no deeper. T~e top part of the core is evidently lost. 

Sta. 135: This core shows the first two peaks distinctly. The third is indicated by a 
break in the slope of the curve at 86·0 cm. The upper few centimetres of ooze appear to have 
been lost. 

The six cores thus show up to a maximum of four zones in which the ratio is high. 
The position of these zones in the cores is summarised below, Table VII, together with the 
total lengths of the cores. 

TABLE VII. 

Station. Length (cm.). No. of zones. 
Depths of zones (cm.). 

1st. 2nd. 3rd. 4th. 

119 68'5 1 33·0 
127 96'5 3 0 51'0 96'5 
128 132'0 4 0 22'0 87·0 130'5 
132 116·0 3 6·0 63·0 108·0 
134 118·0 3 0 59'5 107'5 
135 120'5 3 0 33'0 86'0 

It is convenient to begin the discussion with a consideration of the core from Sta. 119. 
As already stated (p. 162), this core has a stratum of calcareous mud enclosed between two 
strata of Globigerina ooze. It is apparent that conditions must have been very different 
during the period of deposition of this mud from what they were at an earlier period, or 
are at the present time. This middle stratum contains a considerable amount of clayey 
material and is evidently of terrigenous origin. There can be little doubt that this layer was 
deposited under conditions similar to those described by Philippi (1910) and Wust (1933). 
That is to say, it is of glacial age. Being from a tropical locality it is not composed of glacial 
material, but is a water-borne detrital sediment. Its deposition far from land is due to the 
high precipitation during the pluvial period in these regions and the consequent strong flow 
of sediment-laden water into the sea. The scarcity of the warm-water species, Globorotalia 
menardii, supports this supposition. 

This core forms a basis for correlating the others as the time of deposition of the mud 
zone can be determined approximately. 
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Schott (1935) has already correlated the stratified deposits of the Central Atlantic with 
the Ice Age, and has deduced rates of deposition of the various deposits as follows: 

Globigerina ooze. Blue mud. Red clay. 

j maXlffium 2'13 3·3 1'33 
Rate in cm./l000 years, mean 1·2 1'78 0'86 

( nllllimum 0'53 0'9 0'5 

Using the figures for Globigerina ooze, it is possible to determine the time required to deposit 
the upper layer of Globigerina ooze at Sta. 119. There are 9·0 cm. of this ooze; at the above 
rates this gives the following periods of time necessary for deposition: 

Rate cm./lOOO years. 

2'13 
1·2 
0'53 

Time (years). 

4,200 
7,500 

17,000 

Thus at the minimum rate of deposition the last of this mud layer was deposited about 
17,000 years ago, i.e., at about the end of the last glacial epoch, which is estimated to have 
been about 20,000 years ago. Taking into account the rather indefinite amount of ooze lost 
from the top of the core and the fact that the rate of deposition is not likely to have been 
exactly that found by Schott for the Atlantic, the figure of 17,000 years can be altered to 
20,000 without loss of accuracy. The addition of only 1'5 cm. of ooze to the top of the core, 
at the above minimum rate would have raised the estimate of time to almost exactly 20,000 
years. 

Thus, on Schott's calculations, at least 10·0 cm., and at most 43'0 em., of Globigerina 
ooze must have been deposited since the end of the glacial epoch. A high rate of deposition 
probably only occurs in regions where terrigenous as well as pelagic material is being 
deposited. Hence the amount of post-glacial material deposited in these cores would not be 
expected to reach the latter figure. The Foraminifera ratios in the cores examined, with the 
exception of those from Stas, 119 and 132, show maxima at the present surface due to the 
loss of the tops of the cores, i.e., of the post-glacial deposit. Presumably these peaks should 
lie at least 10'0 cm. below the surface in intact, uncompacted cores. That much, if not all, of 
the post-glacial layer is lost is evidence of the slow rate of deposition of the ooze. \Vhere 
deposition was more rapid, e.g., Sta. 119, the upper maximum of the ratio is some distance 
below the present core surface. At Sta. 132 apparently less material was lost, or else deposi
tion was faster in this region. Either cause will explain the initial rise in the curve between 
o and 6'0 cm. 

Apart from the peak in the core from Sta. 119, which core is scarcely uniform with 
the others, the positions of the various peaks correspond fairly well. The range in depth 
of each is as follows : 

Peak. Range. Average. 
(cm.) (cm.) 

1 0-6.0 1·2 
2 22'0-63,0 45'7 
3 86,0-108'0 97·0 
4 130'5 130'5 

The first peak occurs uniformly at 0 cm. except at Sta. 132. 
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The second peak ranges over 41'0 cm. in the five cores in which it occurs. This is the 
greatest range of all. The peak occurd three times between 51'0 and 63·0 cm., but the other 
two levels are much nearer the surface, at 22'0 and 33·0 cm. 

The third peak has a much narrower range of 22'0 cm. 
Apparently, between the second peak and the third the rate of deposition was much 

the same at Stas.127, 132 and_134, but was considerably greater at the other two, especially 
at Sta. 128. Between the first peak and the second the rates seem to be reversed. Here the 
shortest columns of ooze separate the peaks at Stas. 128 and 135, and very much longer ones 
at the other stations. The, amounts of material deposited between the peaks are shown in 
Table VIII. 

Station. 

127 
128 
132 
134 
135 

Average 

TABLE VIII. 

Distance between peaks. 

1-2 2-3 
(em.) (em) 

51,0 45'5 
22,0 G5'0 
57,0 45·0 
59'5 48,0 
33·0 53·0 
44,5 51·3 

3-4 
(em) 

43'5 
43,5 

The horizons representing the peaks of the ratios are thus' fairly evenly spaced, being 
on the average a.little short of 0'5 m. apart. 

It is thus possible to correlate the first peaks in all the curves, and to date them as of 
glacial age. The repetition of similar phenomena at regular intervals in the cores is sug
gestive of regularly occurring cold periods, and it is justifiable to assume that these peaks 
indicate the most extreme periods of successive glacial epochs, or perhaps the colder periods 
of one glacial epoch. 

The deposits of the Arabian Sea thus reflect the climatic conditions of the past in the 
same way as those of the Atlantic Ocean. 

VI. SUMMARY. 

Stratigraphical investigations have been made into changes in the fauna of six cores 
from the Arabian Sea. 

The pelagic and benthic Foraminifera have been identified and the relative numbers of 
each species determined, the benthic species being grouped together, as they are rather 
infrequent. The number of each species fluctuates considerably from level to level. 

An inverse relationship is demonstrable between the numbers of Globigerina bulloides 
and Gwborotalia menardii, the two commonest species. As Gwbigerina bulloides is mainly 
a cold-water species and Gwborotalia menardii an inhabitant of tropical. and subtropical 
waters, it is possible to use these species as a guide to changes in climatic conditions in the 
~~ , 

In each core the ratio of Gwbigerina bulloides to Globorotalia lnerwrdii shows well
marked fluctuations, corresponding to changes in climatic conditions. High values for the 

~~ ~ 
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ratio indicate relatively large numbers of Globigmna bul1nides and consequently cold con
ditions, probably glacial. No less than four such" cold zones" are present in the longest 
core obtained. The intermediate zones of the cores with relatively more GlobOf'otalia 
menardii, and, therefore, a smaller ratio, represent warmer interglacial periods. 
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I. INTRODUCTION. 

Comparatively little work has been done on the organic content of marine sediments, 
and few attempts have been made to correlate the results with the productivity of the sea 
measured by actual plankton hauls or derived from chemical studies. Although much work 
has been done on soluble nutrients, little is known about the organic content of marine 
sediments-a situation which is difficult to understand, since the regeneration of organic 
matter in the sea-bottom is of special importance to those who are interested in the nitrogen 
cycle, and to the ecologist the question as to whether this organic matter is inert or is 
available as a nutrient for bottom fauna and bottom-inhabiting bacteria is a problem of 
special interest. In addition the oil geologist is interested in the potentiality of recent 
sediments as source beds, and in general it would seem like~that the more organic matter 
such a sediment contains the more likely it is to be a source bed. The hydrographical and 
hydrological conditions suitable for the deposition of sediments rich in organic matter are 
of interest to the geologist, as he hopes by a study of these to obtain a clearer picture of the 
conditions under which oil-bearing strata were laid down. It is therefore the primary 
object of this report to record the chemical estimations of carbon and nitrogen determined 
on sediments from the Arabian Sea, largely collected by the John Murray Expedition, 
1933-34, and then to attempt the interpretation of these results. It must, however, be 
emphasized that this work should be regarded as preliminary owing to the stations being 
far apart, and the impracticability (this investigation was only a part of a more detailed 
chemical study subsequently to be published) of checking the conclusion by studying 
sediments from other oceans. It is to be hoped that future expeditions studying 
the productivity of the oceans will not ignore the information which may be obtained from 
the sediments, and will collect bottom samples with all possible oceanographical data. By 
this means more useful results will be obtained, and these will undoubtedly be helpful in 
the interpretation of other problems. 

In the following pages a brief historical survey will first be given, and then the descrip
tion of the chemical methods and a record of the analyses; but before attempting a discussion 
of the results it will be necessary to explain the factors governing the productivity of the 
sea as a whole, and the conditions favourable to the formation of marine deposits rich in 
organic matter. 

II. HISTORICAL SURVEY. 

The information available from older investigations is largely based on determinations 
of loss on ignition, but since marine deposits contain considerable amounts of uncombined 
and crystal-lattice water as well as sea-salts and carbonates any determinations based on 
loss on ignition must lead to inaccurate results, even if due allowance is made for decomposed 
carbonates. One of the first investigators to realize this was Sir John Murray (1891), who 
considered that loss on ignition cannot entirely be attributed to organic matter; and with 
the obje~t of determining the nature of organic matter, carbon and nitrogen were estimated 
in a Globigerina Ooze (Challenger Station 224, 1850 fathoms) from the West Pacific Ocean. 
The figures given are C 2·80%, N 0·785%, giving a very low C : N ratio of 3·6. Murray 
concluded that an albuminoid substance is present, whilst Von Gumbel (1888) suggested 
that the organic content was made up of both albuminoid and fatty substances. Gazert 
(1912) studied the sediments collected by the German South Polar Expedition, and stressed 
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the relation between the amount of organic matter and the number of organisms. The 
chemical estimations were done by Gebbing (1909), who determined the total loss on ignition 
and made corrections for the loss of carbon dioxide and sodium chloride. Values found 
varied from 0'7% to 4'5%, the latter occurring in a Red Clay. 

Boysen Jensen (1911a) estimated carbon and nitrogen in several bottom samples 
from Danish waters, as well as in eight samples collected by the Ingolf Expedition. A 
sand from the North Sea contained on a dry basis (1000 C.) 0 '34% organic carbon, and 
0'027% nitrogen. The carbon content of bottom samples from various parts of Liim Fjord 
varied ffomO'58% t04·3%.with a C: N rat~o ofS'1 to 12'4. The clay bottom of the Kattegat, 
at depths of 30 to 35 metres, contained 2-3% carbon, with a C : N ratio of 11'5, while the 
mud from Roskilde Fjord contained as much as 10'2% carbon. Boysen Jensen (1914), 
finding that planktonic matter contained 50% carbon, suggested the factor 2-0 for calcu
lating the amount of organic matter from organic carbon, but the use of this factor implies 
that there is no decided change in the balance of the various chemical constituents during 
the transformation of plankton, algal material, and other marine forms of life into marine 
humus. 

Moore (1930) estimated the organic matter in the muds of the Clyde Area by their 
nitrogen content, and investigated the variations with depth. In general there was a fall 
of nitrogen with increasing depth in the sediment, though at a few stations a rise was 
recorded. The fall of nitrogen, according to Moore, might be accounted for by the breaking 
down of the organic nitrogenous compounds into nitrates and nitrites, and the removal 
of these into the water above. 

In a series of determinations of organic carbon content of marine sediments collected 
in the Channel blands Region, California, Trask (i931b) reported that the organic carbon 
content ranges from 0'4% in a near shore sand to 4-2% in a clay at the bottom of the 
Santa Cruz basin, and he concluded that the organic content follows the bottom configura
tion, being high in the depressions and low on the ridges. In a more detailed communi
cation Trask (1932a) has collected together carbon and nitrogen determinations on 
approximately 100 marine sediments from the Channel Islands area and other coastal 
regions, as well as giving the nitrogen content of many oceanic samples. 

Waksman (1933a), studying the abundance and distribution of organic matter in 
marine sediments off the east coast of America, suggested that organic matter in marine 
sediments can be designated "marine humus", thereby making it comparable to soil 
humus. The organio matter was calculated from the organic carbon content, which was 
determined by Tiurin's' (1931) modification of Schollenberger's method. The nitrogen 
determinations were made by the Kjeldahl method. A series of mud samples taken from 
several stations in the Gulf of Maine shows little variation at each station when the 
samples are not taken too far apart, but when the samples are taken at greater distances 
the humus content shows considerable variations. Determination of the organic content in 
cores up to 112 cm. long showed in general a gradual but slow reduction with depth, but in 
one case there was an increase with depth. Only a few bottom cores at greater distances 
from shore were investigated; one taken by the" Nautilus" expedition north of Spitz
bergen, and the others taken by the "Atlantis" on a cruise to Bermuda in September, 
1932. The organic carbon content of the marine mud north of Spitzbergen is 0-S5%, 
whilst four samples collected by the "Atlantis" varied between 0-35% and 0'46%_ 

Gripenberg (1934a) determined organic matter in a series of sediments from the North 
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Ba.ltic. The organic carbon was determined by combustion in vacuo, the CO2 evolved 
being absorbed by N /10 barium hydroxide. In order to obtain the organic content, 
Gripenberg multiplied the organic carbon percentage by the factor 1'724. The 
greatest deviation between two singlE~ analyses, according to the author, was 0'1 %, corre
sponding to a deviation of approximately 0'05% in the organic carbon content. The 
nitrogen analyses on the Baltic samples were done by Wasastjerna, according to the micro
Kjeldahl method. Nitrogen determinations were considered good if they did not differ 
by more than 0'03% from each other. In the Baltic it was found that the late glacial 
and the post-glacial sediments form two distinct groups, the glacial sediments containing 
much less organic matter owing to excessive supply of inorganic detritus formed by the 
action of the ice sheets on. the underlying bed rock. In addition Gripenberg investigated 
the variations of organic matter with depth, and found that down to depths reached by 
the sampler (about 20-35 cm.) late glacial clays had a fairly uniform organic content, but 
for the post-glacial sediments the analyses seem to indicate that the organic matter within 
the first 20 cm. of the bottom decreaseS with depth in the sediments of the Bay of Bothnia, 
but increases with depth elsewhere in the investigated area. It is suggested that this 
increase with depth is due to changed. conditions of sedimentation. 

Most extensive determinations of organic carbon were carried out by Correns (1935, 
1937a) on the" Meteor" core3. In his report carbon determinations are recorded from 
100 stations, situated in the equatorial regions of the Atlantic Ocean. In addition the 
variation of carbon in the deeper portions of the core samples was investigated, but 
unfortunately no nitrogen determinations are available on any of the" Meteor" samples. 
The " ~Ieteor" results, although extensive and of great interest, are on this account of 
limited value. Carbon was estimated by oxidizing it to carbon dioxide by means of, 
chromic acid, and absorbing the liberated carbon dioxide. The carbon dioxide content 
was, after making allowance for the carbon dioxide present as carbonates, multiplied by 
the factor 0·471 to obtain the organic content of the sediment. A relation was established 
between the organic matter and the carbonate content of the sediments, the average 
value falling with an increase of the carbonate content. It was concluded that approxi
mately 0'2% of organic matter is present in the binding material of foraminiferal shells. 
No sediments of high humus content were collected by the expedition, the organic carbon 
contents being consistently below 1%. Correns found no relation between the humus 
content of a sediment and the amount of oxygen present in the water, but he considered 
that this may be due to the relatively few determinations of oxygen immediately above 
the sea-bottom, as well as the interfering nature of other factors. It is pointed out that in 
regions rich in sea life the deposits should be rich in humus, provided the conditions of 
sedimentation are suitable for the retention of humus, and such a relation between the 
plankton distribution and the humus content exists in the Cape Verde region. 

The Scripps Institute of Oceanography has investigated the nitrogen content of 
marine sediments from the Californian region, but their results are not published apart 
from a preliminary report (Moberg, 1937). In this report it is stated that there is, in 
general, an increase in the amount of nitrogen with increasing depth and distance from 
the shore up to more than 100 miles from land, after which there is a decrease at greater 
distances. Analyses of core samples show that the highest nitrogen values are found at 
the surface of the sediments, and within a core sample 50 cm. long, the content at the 
lower end falls to about two-thirds thl).t found near the surface. . 
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III. ESTIMATION OF ORGANIC MATTER IN MARINE SEDIME~~S FROM 
ORGANIC CARBON CONTENT. 

So far no direct means of determining accurately the organic content of marine 
sediments has yet been devised. Soil chemists estimate the organic content of the soil 
by multiplying the organic carbon content by a factor, and in spite of considerable dis
agreement, there seems to be a preference for the factor 1'724, corresponding to 58% 
carbon in soil organic matter. Although the formation of organic matter in soils depends 
on many factors, such as! the activity of various micro-organisms, temperature, moisture 
and aeration, yet the fina~ product is of fairly constant composition. It could be argued, 
however, with some justification thJ.t the factor 1'724 is inappropriate for marine deposits 
because of the marked difference in chemical composition between land and marine plants .. 
Boysen Jensen suggested the factor 2, but as we have mentioned above, this assumes 
that there is no change in the balance of the various chemical constituents during decom
position. The organic ~atter of marine muds collecting not far from the shore is un
doubtedly partially of terrestrial origin, and consequently one might reasonably expect this 
organic matter to have a ligno-protein nature with high carbon content. On the other 
hand the residues of marine plants, largely consisting of carbohydrates with low carbon 
content, should lower the carbon content of organic matter. Investigations have therefore 
been carried out by various authors to determine the nature of marine organic matter, but 
these unfortunately are not wholly satisfactory. Waksman (1933b) treated marine mud 
with a 4% solution of NaOH, and by this means 70% of organic matter was abstracted. 
The abstracted material was made up of the following complexes: lignin 21'0%, protein 
3O-golo, hemicelluloses, etc., 18'8%. From these results it was tentatively computed that 
the percentage of carbon in the abstracted organic matter is about 53. Hthecarboncontent 
of marine organic matter is 53% the factor to be used for calculating the organic matter from 
organic carbon content is 1'887; but this assumes that the percentage of carbon in the 
remaining 30% is the same as that in the abstracted portion. 

Trask (1931a) uses the factor 1'7, Correns(1937b) the factor 1'73, Gripenberg(1934b) 
the factor 1'724. In this report the latter factor has been adopted,. not because the authors 
believe that the chemical composition of marine organic matter is the same as soil humus, 
but because they consider that there is insufficient chemical evidence about the nature of 
marine organic m9.tter, especially that occurring in deep water, to warrant the use of a 
factor different from that used by soil chemists. In this report stress is laid on the organic 
carbon content and not ~n the humus content, as the humus content of marine sediments 
is at present largely hypqthetical. 

IV. CHEMICAL METHODS. 

As carbon is the major constituent of organic matter it affords the most desirable means 
of measuring the organic content, but unfortunately in sediments containing carbonates 
organic carbon cannot be determined directly, but is the difference between total carbon 
and carbonate carbon. It has therefore been suggested by some authors that nitrogen 
forms a more practical means, especially since the method is simple, rapid, and accurate. 
Trask (1932b) has adopted this method for his investigations dealing with the source sedi
ments of petroleum, and he considers that the C: N ratio is approximately constant and 
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equal to 8·4. Assuming that the organic matter is 1·724 times the organic carbon, it 
follows that the organic content is about 14·5 times the percentage of nitrogen. In our 
investigations this method was not adopted. The amount of nitrogen in organic matter is 
relatively small, and consequently the factor by which it has to be multiplied is large, and 
if the C : N ratio is not constant in sediments considerable errors will be introduced. The 
authors of this report believe that this ratio is more variable than has previously been 
suggested, and it will be shown on a subsequent page that in sediments from the Arabian 
Sea this ratio varies between 4·9 and 34·2. In the sample with the low ratio the organic 
matter calculated from organic carbon is 0·97%, and calculated from nitrogen 1·67%, 
whilst in the sample with the larger ratio, the organic matter is 1·95% or 0·48%, depending 
upon whether it is calculated from carbon or nitrogen. The error introduced by calculating 
orga.nic matter from nitrogen content may, therefore, greatly exceed the possible error in 
the determination of organic carbon. Although it is probable that the percentage of organic 
carbon in orga.nic matter is not constant, it is nevertheless great and presumably always 
over 50%. In our opinion, organic matter is more accurately determined from organic 
carbon. 

As a disadvantage of determining organic matter from organic carbon, it may be urged 
that if the carbonate content is high, decomposition by combustion may not be complete. 
This difficulty can easily be overcome by determining total carbon by a wet method, as 
was adopted in this report, or possibly by removing the carbonates before combustion. 
Wahnschaffe and Schucht (1924) suggest the use of sulphurous acid for this purpose. 
Gripenberg (1934b) followed this method, and treated the weighed samples a few times on a 
water bath with small portions of saturated sulphur dioxide solution, after which they were 
transferred into the combustion boat. It was found that the sum of the carbon dioxide 
from the orga.nic matter and the carbonates was smaller than that found by direct 
combustion analysis; in other words, organic matter was lost during treatment. 
Gripenberg concluded that on the average samples which have been subjected to 
preliminary treatment with sulphurous acid lose about 0'25% organic carbon. 

In our investigations organic matter was determined from organic carbon not only 
because we regard it as a more accurate method than multiplying the nitrogen by a large 
and uncertain factor, but also because we desired to investigate the variations of the 
C : N ratio in marine sediments, and determine whether such possible variations could be 
correlated with any oceanographical features. 

For the determination of orga.nic carbon both wet and dry combustion methods were 
tried. In the wet combustion method a mixture of chromic acid and phosphoric acid was 
used as an oxidizing agent (Harwood, 1933), and for dry combustion the sample was mixed 
with lead chromate or copper oxide and ignited in a combustion tube. In both methods the 
carbon dioxide evolved was absorbed in soda lime and weighed. The results obtained by 
the combustion method were all slightly lower than those from the wet method, and this 
difference was traced to carbon dioxide retained by lead chromate. The same difficulty 
was experienced when lead chromate was replaced by copper oxide. Consequently it was 
decided that the wet method was the more suitable both on account of the retention of 
carbon dioxide, and the danger of the incomplete dissociation of the carbonates in the 
combustion method. 

The apparatus employed consisted of a 250 c.cm. round-bottomed Pyrex flask, fitted 
with a tap funnel head with side outlet tube. The side tube was connected to an empty 
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U-tube in order to catch the water condensing during distillation, and the other arm of the 
U-tube was connected with an absorption train. This consisted of: 

(1) A bubbler with phosphoric acid containing a little chromic acid. 
(2) A tube containing pumice impregnated with anhydrous copper sulphate to 

absorb any hydrochloric acid not already caught. 
(3) A calcium chloride tube. 
(4) Two weighed soda lime tubes. 
(5) A calcium chloride guard tube leading to the pump. 

About t grm. of the sample was weighed out into the dry flask and 3 grm. of chromic 
acid added. The tap arid stopper of the funnel were lubricated with a drop or two of 
phosphoric acid and the apparatus fit~d together. Twenty c.cm. of phosphoric acid 
were run slowly into the flask from the funnel and the flask gently heated. When most 
of the carbon dioxide from the carbonate had been evolved the heat was gradually 
increased until the contents of the flask turned green and the heating was continued 
for thirty minutes longer. The whole operation took about two hours. The flame was 
then extinguished and air drawn through the apparatus for twenty minutes. The soda 
lime tubes were removed and weighed after standing half an hour in the balance case. The 
blank, using A.R. materials, was generally not more than 2 mgrm. 

The carbon dioxide asso~iated with the carbonates was determined by a similar method 
using phosphoric acid alone and a simplified form of the apparatus. The difference 
between the two values gives the carbon dioxide from the organic matter, from which the 
organic carbon content of the sediment was calculated. 

The method described above is long, but needs little attention, and was found to 
give quite satisfactory duplicate results. It was found unnecessary with these samples 
to pass the gas through a heated solution of mercuric oxide in phosphoric acid, as recom
mended by Dixon (1934) in the case of certain rocks and minerals. 

Some typical duplicate results on samples containing varying amounts of organic 
matter are shown in Table I below. 

TABLE I. 

Sample. Organic carbon. Difference. 

170 Globigerina Ooze 0'55, 0'57 0'02 
160 Cream Mud 1-10, 1'01 0·09 
114 Brown Mud 1'51, 1'55 0-04 
179 Green Mud ~'15, 2'11 0·04 
180 

" 
2'93, 2'92 0·01 

55 Brown-green Mud 5'17, 5·21 0·04 

In the above typical results the organic carbon content as determined by duplicate 
analyses differ from each other in all but one case by a smaller percentage than 0,05. The 
authors cO::lsider that in general the organic carbon analyses recorded in this report have 
an accuracy of ± 0'05%. Trask (1932b) considered that the probable error of any indi
vidual organic carbon determination was about 0'2%, but the methods he adopted were 
different from those used in our investigations. 
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Gripenberg (1934c) has suggested that marine samples when heated at a low tem
perature may lose part of their organic matter, and it is therefore of some importance to 
know whether on drying the samples at 1050 C. in order to determine HsO-, any appre
ciable organic matter is lost. To test this idea three green muds which contained 
considerable organic matter, and also gave a high loss at 1050 C., were chosen, and organic 
carbon determined before and after drying at 1050 C. The results obtained are shown in 
Table II. 

TABLE II. 

Sample. 
1.088 at Organic carbon Organic carbon after 
1050 c. before drying. drying at 1050 c. 

55 Green Mud 5·08 5.17}5_19 5-14}5_13 
5-08 5-21 5·12 

66 
" 

4-12 4-73 4-78 
56 

" 
3-48 3-57 3-49 

In the above table the differences are within the limits of the experimental error of 
the carbon determinations, and these results would indicate that the loss of organic carbon 
at 105° C. has no appreQiable effect on the accuracy of the H20- determination. 

Nitrogen was determined in the samples by the micro-Kjeldahl method, and as the 
percentage of nitrogen is low, 0·2 grm. of the sample was weighed out on an ordinary balance, 
and the determination done in the usual micro-apparatus. Sodium selenate was used as 
a catalyst and N/I00 hydrochloric acid and caustic soda for the final titrations_ Deter
minations of nitrogen were made in duplicate and seldom differed by as much as ± 0-003%. 
In a few cases when the difference was more than this further determinations were made_ 
Some typical results on samples of varying nitrogen content are shown in Table III_ 

TABLE III. 

Sample. Nitrogen. Difference. 

170 Globigerina Ooze 0-024 0-003 
0-027 

160 Cream Mud 0-060 0-001 
0-061 

85 Grey Clay 0-125 0-001 
0-124 

33 Green Mud 0-293 0-006 
0·287 

21 
" 

0·327 0'002 
0-325 

55 
" 

0-506 0·003 
0-503 

V_ ANALYTICAL RESULTS_ 

For purposes of convenience the analytical results are tabulated· in Table IV, the 
Murray Expedition Stations being arranged in order of increasing depth. In addition 
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a few samples from the British Museum collections have been investigated. In the first 
column the station number is given, and in those cases where the lower portions of the 
cores have been investigated the average depth from the top is recorded. In the second 
column the depth is given, in the third the latitude and longitude, and in the fourth the 
amount of organic carbon. During this investigation it was found that the ~O- content 
of the samples did not remain constant even when the sample was stored in a well-corked 
bottle. It was therefore decided, in order to make the analyses more comparable, to 
recalculate the organic carbon content on a ~O- and NaCI free basis. The results of 
this recalculation are 'given in the fifth ,column, whilst in the sixth the organic carbon is 
given on a CaC03 , ~O-,; and NaCI free basis. The seventh column represents the amount 
of organic matter in the original sample, whilst in the eighth the amount of nitrogen in 
the original sample is recorded. Nitrogen is recalculated without ~O- and NaCI in 
column 9, and in the tenth without H20-, NaCI, and CaC03 • In the eleventh column 
C : N ratio is given, and in the twelfth the CaC03 present in the original sample. The 
thirteenth column represents the CO2 content recalculated without H20- and N aCI, 
whilst in the fourteenth column the CO2 is recalculated without organic matter, H20-, 
and NaCl. . 

Samples from 44 different stations were investigated, and in the lower portions of the 
cores determinations were made at 16 stations. . 

, VI. FACTORS GOVERNING THE PRODUCTION OF ORGANIC 
MATTER. 

Before attempting the interpretation of the above results it is necessary to discuss 
the factors which govern the productivity of the sea as a whole, especially as mineralogists 
and geologists are not normally acquainted with this subject. Although the productivity 
of the sea is ultimately responsible for organic matter in recent sediments, as well as in 
marine deposits of past ages, it is desirable to mention, in addition, the factors which govern 
the regeneration of organic matter and the subsequent dispersal of the regenerated 
nutrients. 

(a) THE NITROGEN CYCLE. 

It is well knowp. that the sea in its upper layers supports a rich fiora, and the immensely 
varied animal population is entirely dependent either directly or indirectly upon the flora 
for carbohydrates and proteins. Some of these animals feed on marine algae during the 
whole or part of their lives, whilst others are carnivorous, preying upon their neighbours 
and ingesting and feeding upon particles of dead organisms and bacteria. It follows, 
therefore, that marine plants exert a most powerful influence on marine fauna. 

The larger marine algre are sessile and are confined to a comparatively narrow zone 
around the coasts, and the maximum depth at which they are found varies with the depth 
to which light penetrates in, appreciable quantities. Besides the fixed algre very numerous 
small plants, mostly unicellular, and known as phytoplankton, occur in the upper illumi
nated layers of the sea. The depth to which phytoplankton grow and multiply rarely 
exceeds 150 metres, and on death or during old age they sink slowly, often with the 
formation of spores. Phytoplankton may be devoured by zooplankton or decomposed 

111,4. 17 
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by bacteria when falling to the sea-bottom, where they may be ingested by animals, 
decomposed by bacteria, or deposited in the sediments. 

The breakdown of proteinaceous organic matter in soils by bacteria and the oxidation 
of ammonia through the intermediary of nitrite to nitrate has long been ~own, but this 
theory was not applied to the oceans until the close of the last century. In the sea neither 
animal nor plant life can use gaseous nitrogen: plant life depends for its growth upon 
the nutrient salts. In the photosynthetic zone of the ocean phytoplankton transform 
the soluble forms of nitrogen into complex organic forms, and during this process liberate 
oxygen. When 'the plants die, as well as the animals which feed upon them, nitrogen is 
brought again into solution in the form of ammonia, through the action of bacteria, but 
before the nitrogen is again assimilated by marine plants ammonia is oxidized first to 
nitrite and then to nitrate by the action of certain other bacteria. It is commonly regarded 
by oceanographers that the cycle nitrate ---+ plants ---+ nitrate is a closed one, but the 
occurrence of organic matter in the lower portions of cores, as well as its occurrence in 
geological formations, indicates that a certain proportion of nitrogen and carbon of the 
organic matter is not regenerated. 

The classical series of experiments done at the Plymouth Laboratory (Atkins, 1923 ; 
Harvey, 1926, 1928; Cooper, 1933) have shown that there is a cycle in the amount of 
nutrient salts present in the English Channel, which corresponds with the annual cycle of 
phytoplankton. In the winter months there is a storing up of nutrient salts owing, as 
Harvey has suggested, to. the lack of light limiting the growth of phytoplankton, and in 
spring the rapid outburst is conditioned by the increased amount of sunlight. This is 
followed by a rapid fall in the amount of nutrients in the sea-water. 

Brand (1937b) has clearly demonstrated the regeneration of nitrogenous organic 
matter in sea-water. Using a natural source of organic plankton he found that the rate 
of decomposition was greatest in the first few days. Ammonia appeared in the water 
immediately decomposition commenced, and it reached a maximum at the end of plankton 
decomposition. The gradual disappearance of ammonia was accompanied by the increasing 
amount of nitrite, which in turn was oxidized to nitrate. Nitrate reached its maximum 
concentration after nitrite had commenced to disappear, and the regenerated nitrate 
supported a rapid growth of diatoms when inoculated with a fresh culture. 

(b) PHYSICAL AND CHEMICAL FACTORS. 

By far the most important factor which governs the production of phytoplankton is 
light, since the illumination below the surface of the ocean, owing to absorption by the 
water and scattering by the particles suspended in it, falls off rapidly with depth. Tem
perature does not inhibit the production of phytoplankton, as diatoms occur over a very 
wide range, but the Coccolithophoridre which are characteristic of tropical waters are 
never found in temperate regions. Temperature, as Gilson (1937a) remarks, has an 
important indirect effect on the production of plankton, as the density difference between 
the surface layer warmed by the sun and the cooler water below prevents mixing across 
the discontinuity layer, and so cuts off the possibility of the nutrient salts becoming 
available from the deeper waters. 

Nitrates, phosphates and silicates are most important for plankton production, as it 
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is on the supply of these, provided there is sufficient light, that the productivity of an area 
depends. During the rapid growth of plankton the supply of nutrients is rapidly depleted, 
and if these are not renewed in the surface layers (the means by which this is done will be 
discussed later) plankton production rapidly ceases. Harvey (1928) observed that in 
the English Channel when the supply of nutrients diminishes phytoplankton production 
rapidly falls off, and the work of the" Discovery" Investigations indicates that there is 
generally in the Antarctic a sympathetic relation between the silica content and phyto
plankton production. Iron is another essential element for plant growth, since it is required 
in the formation of chlorophylL Unfort\lnately very little is known about the distribution 
of iron in the seas. Thompson (1935) found the iron content in the water beyond the 
continental shelf to vary between 12 to 54 mgrm. per cubic metre, and Cooper (1935) 
considers that not more than 2 mgrm. Fe per cubic metre is in true solution. Since the 
iron content of phytoplankton is approximately four times the phosphorus content, Cooper 
suggests that during an outburst the iron requirements must be very great. The occur
rence of trihydrone molecules, especially in Arctic waters, may possibly influence the 
growth of phytoplankton. In this connection Barnes (1932) found that Spirogyra grows 
more rapidly in water that had been recently frozen than in recently distilled water. 

It has previously been remarked that during active plankton production the available 
nutrients in the upper layers rapidly decrease, and consequently an understanding of the 
renewal processes is of obvious importance if any attempt is to be made to correlate the 
abundance of organic matter in sediments with areas which from hydrological considerations 
are suitable for the renewal of surface waters. 

During a period of production the dead plankton sink and carry out of the illuminated 
zone the nutri~t substances so essential to plankton growth. The renewal of the surface 
water with nutrients could be brought about by the regeneration of the nutrients in the 
dead plankton and a subsequent upward circulation of the water, or by the incoming of 
river water rich in nutrients, or possibly by the atmospheric fixation of nitrogen. But as 
Brandt (1902) has pointed out, the abundance of nitrate in the deeper layers suggests 
that nitrification takes place at the sea bottom or close to it; so to-day the alternative 
hypotheses find little support. 

In stable water conditions nutrients remain largely concentrated in a stable bottom 
layer, and the question arises as to hoW" this stability is upset. In winter in both Temperate 
and Arctic regions the upper layers of the sea rapidly cool and the density increases ; 
consequently unstable conditions are set up, and helped by the wind and the tide the whole 
body of the water may, in shallow water regions, become homogeneous from top to bottom. 
The nutrients now occurring in the top layer cannot, owing to the absence of sufficient 
light, be used until the next spring. In certain regions of the world a continuous supply of 
!,!utrients is made available by the upwelling of bottom waters, and these regions are 
likely to be stocked with abundant plankton-a fact which was recognized by Nathansohn 
(1906). In the North Atlantic, for example, this occurs where deep water runs up shallow 
plateaux, or where submarine ridges cause bottom currents to be deflected, as in the 
neighbourhood of the Faeroes (Gran, 1929). Alternatively supplies of nutrients may be 
brought by upwelling, as demonstrated by McEwen (1916). The theory of upwelling 
depends on the fact that a body is only in equilibrmm with the earth's surface when at 
rest, but when set in motion the effect of the earth's rotation is to deflect the direction of 
its motion to the right of the force in the northern hemisphere and to the left in the southern 
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hemisphere. Suppose, for example, the wind to blow uniformly and in a direction parallel 
to the coast in the northern hemisphere. If the coast is on the left of the wind the surface 
water would be carried away from the coast, and the surface water would be inclined upward 
away from the coast, and thus would give a pressure gradient towards the coast. If the 
depth exceeds twice the depth of frictional resistance the resultant current would, according 
to Ekman (1923), consist of three parts: a pure drift currp-nt at the top flowing to the 
right, a current in mid depths flowing parallel to the coast, and a bottom current flowing 
towards the coast, the flow of which must be equal to that of the upper current. Conse
quently upwelling of bottom water would result. Such a circulation exists, for example, 
off the Pacific Coast of Yorth America (lfichael, 1921) and accounts for the abnormally 
cold water characteristics of these regions, but the more recent work of Sverdrup (1938) 
suggests that the process is far more complicated than was assumed on the basis of earlier 
data. 

VII. FACTOHS GOVERNING THE ACCUMULATION OF ORGANIC MATTER. 

It has recently been suggested by Seiwell (1938) that" organic particles (having a 
density not greater than that of the bottom water) sinking through water of variable 
density will approach some level asymptotically, and if organic debris in the sea should 
be sufficiently homogeneous, a stratum of maximum oxygen consumption may be con
ceived of as occurring in the sea" through the accumulations of decomposing organic 
particles at a certain level. This proposed biological explanation of the oxygen minimum 
layer is opposed to the theory of Dietrich (1936) and Wust (1936). According to Seiwell's 
calculations at " Atlantis" station 1170, organic particles of radius 0·0885 cm. will approaoh 
asymptotically a level of about 600 metres in 400 hours, while particles of 0·708 cm. will 
approach a le\-el of 1950 metres in 200 hours. Parr (1939a), in a recent paper, points out 
that Seiwell's asymptotic approach theory depends upon the assumption that the density 
of the particle (p) remains constant and only the density of the sea-water (p') changes 
with depth, and at the asymptotic level (p-p') = 0, and he suggests that no reasonable or 
even possible thermal expansion coefficient for such particles would permit organic 
particles to find equivalent densities in the sea-water, at which such particles would 
accumulate. 

If an attempt is made to calculate the rate at which organic particles sink several 
difficulties are encountered, since any calculations must ultimately depend upon Stokes's 
law, 

v = ~~T~ (p-pt), 

where v is the velocity of the settling particle of density p, 'r is its radius, and fL the viscosity 
of the sea-water of density p'. The formula stipulates that the particle should be spherical, 
but as this condition is obviously not fulfilled the term "equivalent radius" has been 
introduced by Oden. Further the particle will become smaller as decomposition proceeds, 
and the relation between (p-p') and depth is completely unknown. Finally, although the 
viscosity of sea-water is known, and its variations with temperature and salinity (Krummel, 
1907), little is known of the effect of pressure. 

Taking Seiwell's value 0·00242 for the difference of density between organic matter 
and sea-water, and assuming that this density difference remains constant (Parr, 1939b), 
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a particle of radius 0·1 cm. would take 17 days to sink at station 166 from 100 to 4793 
metres. It has been assumed that since the effect of pressure on the viscosity of sea-water 
is unknown, the value of (.L determined from the mean temperature and salinity of the 
water between 100 and 4793 metres is sufficiently accurate. If, however, the radius of 
the particle gradually decreases, the time taken to reach the bottom would be greatly 
increased, as the velocity of a falling particle is proportional to the square of the radius. 
Unfortunately, it is impossible to correct for this additional complication, as nothing is 
known about the size distribution of particulate matter in sea-water. 

It is important to realize that even if the sea-bottom at one station contains more 
organic matter than at ianother, this does not necessarily imply that at the first station 
more organic material is deposited annually, as there may be relatively little inorganic 
matter deposited at the first place. In this connection Gripenberg (1934d) found that the 
late glacial muds of the Baltic contained less organic matter than the post-glacial, and 
suggested that this might be due to a decrease in the rate of sedimentation, though the 
increase in organic sedimentation may be partially due to the influence of the changing 
conditions at the commencement of post-glacial times. It is clear therefore that when 
attempting to correlate organic content of bottom sediments with the productivity of 
the sea, due consideration must be given to the possible variations introduced by differing 
rates of sedimentation. 

As the density of particulate organic matter is approximately the same as that of 
sea-water, it is reasonable to expect organic matter to collect in regions charactf>rized by 
mud deposits. One of the first to point this out was Boysen Jensen (1911b), who recorded 
high carbon contents from the muds of the Kattegat and low from the sands of the ~orth 
Sea. This idea. was further elaborated by Trask (1931b), who found a relation between 
the amount of organic matter and the submarine topography; in the basins it is high and 
on the slopes it is lower. The grain size varies in a corresponding manner, being coarser 
on the ridge and finer in the basins. Whether this relation applies to regions away from 
the coast is unknown, and in our investigations insufficient mechanical analyses have yet 
been done to arrive at any definite conclusions. 

A most important factor governing the accumulation of organic debris is biological 
activity, as much organic matter is consumed or regenerated long before it reaches the 
bottom. Brand (l937a, 1938) has reported that the amount of nitrogen in the particulate 
matter of sea-water varied from 0 to 47)" ("y = 0·001 mgtm.) per litre. The greatest 
variations occurred in the upper 400 metres, and below this depth the amount is 
practically constant. 'It is suggested that these "ariations can be explained by differing 
living conditions in the two zones, as in the deeper layers conditions are practically 
uniform, resulting in relatively uniform and low nitrogen values owing to the absence 
of autotrophic organisms, apart from certain bacteria. The animals liying in the deeper 
layers must depend for their food upon the remains and excreta of organisms liying above, 
or possibly on bacteria (ZoBell, 1938), since Krogh (1934) has shown that dissolyed organic 
nitrogen cannot be used appreciably by organisms. There is therefore an approach to a 
dynamic equilibrium, passing through many stages, between the particulate organic matter 
and living organisms. The excess organic matter is, of course, ultimately deposited in the 
sediments. 

On the ocean floor a varied marine fauna, comprising representatives of all the major 
groups of marine animals, is present. At great depths complete darkness and very low 
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temperature retards the metabolism of the invertebrates, and it would seem that the number 
of individual animals living at great depths is very small. 

In addition to the bottom-living animals, oceanic sediments support a large bacterial 
population. Certes (1884) found bacteria in all except four out of the 100 sediments 
collected at depths down to 5100 metres by the Talisman expedition, whilst Russell (1893) 
found 200 to 300,000 viable bacteria per c.cm. of bottom mud; the overlying water seldom 
contained more than l00perc.cm. Waksmanandhis collaborators at Woods Hole (1933) have 
demonstrated the presence of bacteria in sea muds capable of oxidizing ammonium salts 
to nitrite, but they found it more difficult to demonstrate the presence of nitrate-forming 
bacteria. In addition nitrate-reducing bacteria were found, but most of these organisms 
reduce nitrate to nitrite and not to atmospheric nitrogen. It is important to know to what 
extent bacteria are able to attack organic complexes present in bottom sediments, and how 
readily the nutrient salts can be regenerated and thus made available for plant synthesis. 
With this object in view Waksman and Hotchkiss (1938a) investigated the oxidation of 
organic matter in marine sediments by bacteria. Earlier experiments (Waksman, 1933c) 
indicated that dried mud, under purely artificial conditions, when remoistened was capable 
of giving off part of its carbon and a smaller amount of nitrogen, thus proving that the 
organic matter is not absolutely inert, but is capable of being slowly decomposed. In the 
later experiments the availability or stability of organic matter in marine sediments was 
measured by the oxygen consumption in sea-water. It was found that in fresh marine 
sediments the organic matter is oxidized very slowly by bacteria, which is very different 
from the rapid oxidation of planktonic material under similar conditions (Waksman, 1938b). 
In the period of the experiment (15-30 days) nitrites and nitrates could not be found in 
solution, and the oxidation process was found to take place at the expense of the non
nitrogenous organic complexes. Sediments recovered from considerable depths contain 
organic matter which oxidizes much less readily than that occurring in near shore deposits, 
indicating that organic matter in sediments from great depths is much more resistant than 
in sediments from shallow water. 

The vertical distribution of bacteria in sediments off the Californian coast has been 
studied by ZoBell and Anderson (1936). The distribution of bacteria is independent of 
depth within limits of the observations (depths to 2000 metres), the temperature of the 
ocean floor and the distance from the mainland, but the bacteria.l content is greatly 
influenced by the organic content of the sediments. The upper parts of the cores contain 
the richest bacterial population, the numbers rapidly decreasing with depth. At the 
surface of the mud aerobes were more plentiful than anaerobes; but in the subsurface strata 
the reverse is the case. Cognizance should, however, be taken of the fact when interpreting 
the result that many bacteria are facultative anaerobes. In sea-water bacteria are most 
abundant in the surface layers, where usually a few hundred are present per c.cm. 
At depths below 200 metres very few bacteria can be demonstrated, whereas at the bottom 
the quantity ranges from several thousand to several million per wet gramme. The prepon
derance of bacteria in the sea-bottom has been attributed to several factors, such as more 
favourable oxidation-reduction conditions, to absorption by marine muds, to greater freedom 
from bacteria feeders, to the lower rate of metabolism owing to the lower temperatures, 
and to the concentration of organic matter. In bottom sediments as well as in oceanic 
waters a state of equilibrium exists between bacterial multiplication and bacterial destruc
tion, and a change in this equilibrium may be b~ought about by a change in food supply, 
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environmental conditions, or a modification of agents unfavourable to bacteria. ZoBell 
agrees with Reuszer (1933) that the evidence at present indicates that the presence of 
utilizable organic matter is the most important single factor which influences the 
distribution of bacteria, but he indicates that the rate of multiplication of bacteria in 
sea-water is several thousand times as great as that in freshly collected bottom samples. 

VIII. DISCUSSION AND INTERPRETATION OF RESULTS. 
I 

, ; 

I(a): DISTRIBUTION OF ORGANIC ~fATTER. 

The distribution of organic matter in the sediments from the Arabian Sea is most 
readily appreciated by reference to Text-fig. 1, where the organic carbon content of the 
sediments is recorded on a ~O- and NaCI free basis. Although a more extensive investi
gation would have been desirable, the present results suggest a large central area extending 
into the Gulf of Oman,. where the carbon content of the sediments is smaller than 1 %. 
Surrounding this is a belt containing 1 to 1'5%, and then a rich coastal area. In attempting 
to correlate these results with the distribution of nutrient salts, the authors have found the 
report published by Gilson (1937b) to be of the utmost value, but before commencing a 
description of the areas, the effects of the S.W. monsoon should be understood. From 
May to September the monsoon may cause considerable mixing in the upper layers of the 
ocean. When calm conditions are resumed in September considerable growth of phyto
plankton is initiated, but owing to the shortage of nutrient salts this is mostly over by the 
end of January. From this time onward plankton is comparatively sparse except when 
npward water'movements cause renewal of nutrient salts. The large outburst of diatoms 
recorded by Menon (1931) off the Madras coast has been correlated with the rains brought by 
the S.W. monsoon. 

(a) The Gulf of Aden. 

The amount of organic carbon found in the sediments from the Gulf of Aden is high, 
and varies between 2'21 % at station 179 and 4'76% at station 20. According to Gilson 
the section from Aden to Berbera is characterized in the month of September by a sharp 
discontinuity layer. The warm surface water was depleted of nitrate and approached 
saturation with oxygen, and in the lower layer nitrite reached a high value below the density 
boundary, owing to the decay of plankton held up at this level. The deeper layers show 
a uniformly high nitrate concentration. A.t station 21 the upper twenty metres were 
in the month of October supersaturated with oxygen and practically depleted of nitrate. 
Immediately below the discontinuity layer nitrite reached its maximum. Approaching 
Cape Guardafui the stability is comparatively low and there is distinct evidence of 
turbulence. Unfortunately no quantitative plankton observations were made, but Gilson 
suggests that the low transparency of the water in the months of September and October 
indicates that the subsurface layers must have been rich in plankton. The low transparency 
cannot be attributed to material washed in from the land, as there are no rivers in this area. 

When the expedition revisited the area in May warming of the sun had pushed the 
thermocline deeper, and plankton penetrating to the deeper layers through the less sharp 
discontinuity had carried the depletion of nitrate almost to the limit set by illumination. 

ru,4. . 18 
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In addition active pl~nkton production was in progress as the supply of nutrients was no 
longer cut off by the steep and shallow thermocline. 

The oceanographical observations suggest, therefore, a rich plankton-producing 
area, probably from October to May, and the organic carbon content of the bottom 
sediments confirms this conclusion. 

(/3) The Arabian Coast. 

Upwelling occurs along this coast during the S.W. monsoon and consequently supplies 
of nutrients are brought to the surface. The expedition visited this area in October, and 
Gilson suggests that the oxygen, nitrite and transparency figures indicate that a period of 
considerable plankton production was coming to an end. The two samples investigated 
from this area, M7645 and M7644 (British Museum collections), contain respectively 
3'09 and 1'62% of organic carbon on a H20-free basis. There is therefore a relation 
between the carbon content of the sediments and the plankton production. 

(y) The Gulf of Oman. 

This area is characterized by low organic carbon in the centre, apparently connecting 
with the central area of the Arabian Sea. High organic carbon occurs along the 
coastal regions apart from one shallow water station 73. Unfortunately the oceano
graphical observations were taken in the month of November, so any outburst of plankton 
at the break-up of the S.W. monsoon would have been long past. It is interesting to 
note, however, that there is at about a depth of 150 metres on the Arabian side a tongue of 
low salinity water but rich in nitrate coming out of the Persian Gulf. The upper 30- to 
40-metre layer is completely depleted of nutrient salts and consequently the oxygen 
figures are low. In a longitudinal section of the Gulf of Oman Gilson considers that there 
is little turbulence, and although the stability is not very high it is sufficient to prevent 
enrichment from the productive zone below. A correlation exists, therefore, between the 
sediments, moderately poor in organic carbon, from the central area and oceanographical 
considerations. The high carbon content of the coastal sediments would suggest however 
that at some period of the year there must be a considerable renewal of nutrients from 
below. 

(8) The Arabian Sea. 

At station 85 2'20% organic carbon occurs, whilst Trask (1932c) has reported that 
the British Museum samples (M7631, M7624 and M7617) collected off Bombay contain 
0'09, 0'19 and 0'21% nitrogen, corresponding to more than 1'5% of organic carbon. Pro
ceeding into mid-oceanic waters only 0'74% of organic carbon occurs at station 93, whilst 
approaching the African coast organic carbon again increases, for a British Museum 
sample (M4302) S.E. of Socotra contains 0'08% of nitrogen (Trask, 1932c), corresponding 
to approximately 1'5% organic carbon. Along the African coast 1'64% organic carbon 
occurs at station 101, whilst at station 117,2'03%. The sediments investigated from the 
Pemba Channel contain more than 1'5% organic carbon. 

Matthews (1926) has demonstrated that during the S.W. monsoon season the northerly 
current along the African coast tends to move in a more eastetly direction under the 
influence of the wind, and upwelling of deeper water results along the coast, and Gilson 
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states that at stations 100 and 101 there were still relics of this movement. The African 
coast is a rich plankton-producing area, and corresponding with this the sediments are 
rich in organic carbon. From Bombay as far as station 100, when the expedition visited 
this area in December to January, the surface layer was almost completely depleted of 
nutrient salts, and the area is probably a poor one in plankton production. This hypo
thesis agrees with the low carbon found at station 93, but the authors consider that the 
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TEXT-FIG. I.-Distribution of organic carbon in the Arabian Sea. 
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increa,-ing amounts of organic carbon found in the neighbourhood of Bombay would 
indicate at some "Period of the year an appreciable planlrton production. 

Along the l1lo:,t southerly section taken by the expedition low organic carbon occurs 
at .'tntion 127, lOt) at station 128, 1'2% at station 132, and 1'3% at station 134. The 
pre -ent re ult, would therefore suggest that in the southern portion of the Arabian Sea 
ollle of the sediment contain more than 1 % organic carbon. 

\Vhen the expedition visited thi' area in February to ~.Jarch the surface layer had a 
comparntiyely 10"- tability, and mixing by the wind was very marked in the west, but as 
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the compensation level lay below the limit of such mixing it could cause no renewal in 
the supply of nutrients. In this connection it is interesting to recall the low organic 
carbon at station 127. Gilson considers that in the truly oceanic stations an outburst of 
plankton occurs at the end of the S.W. monsoon season, and that upwelling occurs on 
the lee side of the Seychelles Bank. The increased carbon content in the sediments may 
be correlated with these facts. At station 134 the low salinity surface water indicates an 
influx of water brought by the N.E. monsoon from the Bay of Bengal, Andaman Sea and 
the Malay region, and it has been suggested by Gilson that since enormous quantities of 
nitrate are brought down into the Bay of Bengal by the Ganges, this water may have a 
high nitrate content. 

In the central section low amounts of organic carbon occur (ranging from 0·83% at 
station 166 to 0-47% at station 167), and this suggests that no very extensive plankton 
production takes place in this area_ When the expedition visited this area in April, 1934, 
the transparency was high, but the utilization of the nutrients in the upper layer is 
incomplete, which may be due to the supply of nitrates being in excess of that of plankton 
production. 

At station 169 on the Carlsberg Ridge Gilson reports abundant plankton and correlates 
this with the upward movement of the deep water. Unfortunately no bottom sample 
was collected, so it is impossible to say whether the rich plankton at this station affects 
the carbon content of the bottom sediments. 

From the above results it may be said that in the Arabian Sea a connection exists 
between the productivity of the ocean and the organic carbon content of the sediments. 
The existence of such a relation should be of considerable use to those interested in the 
productivity of the oceans, and it would seem advisable for expeditions investigating the 
distribution of oceanic plankton to determine the organic carbon contents of marine 
deposits. The authors consider that interesting and corroborative evidence could be 
obtained by this method_ 

(b) THE C : N RATIO IN SURFACE SAMPLES. 

In the investigated sediments the C : N ratio varies between 4-9 and 34-2. 
Text-fig. 2, showing the distribution of the C: N ratio suggests, however, a tendency 
for regional constancy. In the Red Sea sediments from two neighbouring stations (207 
and 206) have ratios 13-5 and 13-8 respectively, whilst the average of seven from the 
Gulf of Aden is 11-5, the ratio varying between 10·6 and 13·2. Along the Arabian Coast 
two samples have ratios 10-2 and 14-3 respectively, and in the Gulf of Oman the ratio 
varied between 4·9 and 13·5, the average for 15 different stations being 10·0. In the 
neighbourhood of the African coast, at station 101, C : N is 13-6 and 14-7 at station 117, 
whilst in the Pemba Channel two stations (114 and 106) have ratios 11-7 and 13-5, the 
average for the African coast being 13·4, At station 119, S.E. of Zanzibar, the C : N 
ratio is 20-0. This high value was rather unexpected, owing to its proximity to Africa, 
but similar values occur in the southern portion of the Arabian Sea. In eight selected 
oceanic stations values varied between 21·9 and 34·2, the average being 25·2. These high 
ratios are interesting, but it must be pointed out that this is not characteristic of all 
oceanic sediments, for stations 167 and 93 from the middle of the Arabian Sea have C : N 
ratios 13·2 and 15-8 respectively. Reviewing the available results, it may be concluded 
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that Arabian Sea coastal sediments have generally a C : N ratio smaller than 15, apart 
from station 119. 

No obvious relation exists between the C : N ratio, depth or CaC03 content, nor i 
this ratio connected with the oxygen content of the bottom water. It might, however, 
be suggested that the lower ratios are due to the incoming of land organic debri , but this 
seems unlikely because low values occur in the middle of the Arabian Sea, and in addition 
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the ab. ence of large rivers capable of transporting appreciable quantities of land humus 
oppo es such a hypothe is. Frinally the lower ratios are not always maintained in the 
deeper portions of the cores. For example at station 101 the C : N ratio is 13·6 at the 
top and 19'7 in a deeper portion of the core, and again at station 62 the value at the top 
i 10·1 and 17·6 below. Conver ely at station 132 the C : N ratio at the top is 34·2, whilst 
in a deeper portion it i' 17'3. 

Iention ha previously been made of the variability of the C : N ratio in the :Murray 
Sample , and of the errors introduced by calculating organic matter from the nitrogen 
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content. The basic idea underlying a relatively constant C : N ratio in marine sediments 
is organic matter of uniform composition, irrespective of locality and environmental 
oonditioris. Waksman (1929) has suggested that decomposition processes bring about 
an accumulation of resistant substances of plant origin and of nitrogenous substances of 
microbiological origin. As decomposition advances, the ratio of C : N in the product 
tends to become fairly constant, its value ranging from 8 to 12, the mean being 10. 

The average C : N ratio for 108 sediments investigated by Trask (1932d) is 8·4, but 
in the Arabian Sea the average for 44 surface samples is 14·4, with variations from 4·9 
to 34·2. The reason for the difference between these two averages is probably due to the 
sediments investigated by Trask coming from near shore environments. Similarly, 
Waksman's (1933b) conclusion that the C : N ratio of marine sediments is more or less 
constant is based on an inadequate study of deep-sea deposits. Gripenberg (1934e) 

found that the mean for Baltic sediments was 10'0, a ratio appreciably higher than that 
found by Trask. In the Baltic regional differences are found in the C : N ratio, the highest 
ratios o::)curring in the Bay of Bothnia. These variations are accounted for by the influence 
of land humus on organic sedimentation, the C : N r~tio of humus from peat bogs being 
high. As plankton and animal life is poor in the Bay of Bothnia, the greatest effect is 
noticed here in spite of the fact of the moderately low addition of land humus. 

A survey of the available results indicates that the idea of a constant C : N ratio for 
marine deposits originates through a study of deposits collected near the coast, and a 
further· unwarranted application of this result to the uninvestigated oceanic regions. Our 
investiga.tions, as previously mentioned, suggest that in the Arabian Sea coastal sediments 
have generally a ratio below 15, and that sediments farther out have a higher ratio, 
though exceptions, such as station 167, can be found to such a general rule. 

The authors, although they cannot put forward a complete explanation for the reason 
of these apparent regional variations, suggest that it is largely due to some environmental 
conditions. That marine organic matter is not absolutely resistant to further decomposi
tion by bacteria has been shown, as previously mentioned, by Waksman (1933c), who 
treated mud under purely artificial conditions and found a reduction in the C : N ratio. 
If a change in the C : ~ ratio can be brought about in laboratory experiments, it would 
seem unlikely that marine organic matter collecting on the bottom would be entirely 
uninfluenced by the surrounding conditions. 

(c) VARIATIONS OF ORGANIC CARBON AND NITROGEN WITH DEPTH IN SEDIMENT. 

In order to determine whether there is a marked difference in the organic content of 
marine deposits at different ages, estimations were done on deeper portions of 16 cores. 
For convenience the results are collected in Table V. In seven cores the organic carbon 
(calculated on a H20- and NaCl free basis) decreases in the lower investigated portions, 
whilst in four cores organic carbon at first decreases and then increases. Three cores 
show an increase and then a decrease, whilst in the Red Clay core (station 166) a decrease, 
within the limits of experimental error occurs. 

Nitrogen (recalculated without HzO- and NaCI) , apart from five cases, behaves 
sympathetically with organic carbon, but the C : N ratio does not, in general, remain 
constant in the lower portions of the cores. Organic carbon recalculated on a CaC03 , 
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TABLE V. 
Organic carbon Organic carbon on Nitrogen on a Nitrogen on a 

Station No. on a H20- and a CaC03, H20- and H20-and NaCI CaC03, ~O- and 
NaCI free basis. N aCI free basis. free basis. NaCI free basis. 

33 Top. 3·34 6·80· 0'306 0·622 
33 (37! cm.) 2·26 5·22 0·168 0·389 
66 Top. 5'35 8·26 0·432 0·667 
66 (43 cm.) 4'62 6'99 0·306 0·463 
20 Top. 4'76 10'55 0'372 0·824 
20 (411 cm.) 2'51 6·79 0'166 0·449 
62 Top. 1·29 1'79 0'128 0·178 
62 (201 em.) 0·84 1·41 0·048 0'080 
26 Top. 2'86 5·90 0·252 0'521 
26 (30! cm.) 1·69 5'06 0'126 0·379 
26 (54! cm.) 1·60 5'82 0'll3 0·412 

128 Top. 1·07 3·98 0'041 0'154 
128 (481 cm.) 0'82 4·87 0'023 0·137 
128 (99 cm.) 0·63 2'51 0·024 0·098 
134 Top. 1·31 3·32 0'058 0·147 
134 (107! cm.). 0·81 1·85 0'037 0·084 
134 (ll8 cm.) 0·67 1'51 0'037 0'084 
21 Top. 4'62 ll'04 0·351 0'838 
21 (381 cm.) 5·25 8·71 0'452 0'751 

106 Top. 1'58 4·76 0'll7 0'352 
106 (321 cm.) 1·65 4·95 0·121 0'365 
106 (54! cm.) 1·48 4·65 0·108 0·337 
ll9 Top. • 1·24 3'13 0'062 0·157 
119 (311 cm.) 1·89 2'99 0'123 0'195 
119 (661 cm.) 1·14 2·83 0'059 0'145 
135 Top. 0·98 7'40 0'036 0·271 
135 (62£ cm.) 1'10 3·49 0'057 0'181 
135 (ll4£ cm.) . 0'90 4·26 0'038 0·178 
132 Top. 1·20 5'32 0'035 0·155 
132 (48£ cm.) I . 0'75 2·60 0'043 0'150 
132 (1l41 cm.). • 0·81 3·04 0·036 0·134 
101 Top. 1'64 2'73 0·120 0·200 
101 (321 cm.) 1·14 2'82 0'063 0'155 
101 (881 cm.) 1·64 4'55 0·083 0·231 
93 Top. 0'74 2·00 0'047 0·127 
93 (50 cm.) 0'59 0·93 0·040 0'063 
93 (83! cm.) 0'72 0·97 0'056 0·075 

167 Top. . \ 0'47 1'74 0'036 0'132 
167 (481 cm.) 0'32 0·98 0'027 0'082 
167 (108! cm.) . 0'52 1·85 0·033 0'087 
166 Top. 0·83 0·85 0'033 0·034 
166 (221 cm.) 0'70 0'72 0·040 0'041 
166 (501 cm.) 0'72 0·74 0'045 0·046 
166 (761 cm.) 0'53 0·54 0'050 0·051 
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HzO- and NaCl free basis behaves in thirty-seven cases sympathetically with the organic 
carbon. 

Comparing these results with the "Meteor" cores (Correns, 1937a) considerable 
agreement is noted, as Correns found that the organic carbon content sometimes decreases 
with depth, increases, or oscillates. Waksman (1933b) considers that there is generally a 
slow and gradual diminution in the amount of organic matter w:th depth, though in some 
cases the reverse holds, whilst Gripenberg (1934f) found that, to the depths reached by 
the sampler, late glacial clays had a uniform organic content, but post-glacial sediments 
decrease in organic matter in sediments from the Bay of Bothnia, but increase elsewhere. 
The content of organic matter at any depth in a core is a function of several factors, and 
does not solely depend on the productivity of the area when the sediment was deposited. 
It appears, however, that two factors may influence, in opposite directions, the organic 
content: the first being the decrease with depth caused by time of burial and biological 
considerations, the second being an increase with depth due to a decrease in the rate of 
sedimentation. 

The rate of sedimentation is, in general, governed by two factors: firstly the amount 
of inorganic detritus (clay and other mineral particles') reaching the bottom, and secondly 
the amount of carbonate material, largely in the form of shells, arriving at the sea bottom. 
In many marine samples carbonate is greatly in excess of the clay and mineral components, 
and consequently a more accurate knowledge of the productivity may be obtained in 
such samples by calculating the organic carbon and nitrogen on a carbonate-free basis. 
The results of this recalculation are shown in the third and fifth columns of Table V. 

(d) VARIATIONS OF THE C : N RATIO WITH DEPl'H IN SEDIMENT. 

The variations of the C : N ratio with depth and its relation to CO2 content (recal
culated without HzO- and NaCI) are recorded in Table VI. From this table it is seen 
that an increase of the C: N ratio is accompanied by an increased CO2 content, apart 
from the lower portion of station 66, and that a decrease of the C : N ratio is associated 
with a decreased CO2 content in all cases except in the lowest portion of station 166. It is 
questionable whether the lower portion of the core at station 66 is really an exception, 
because the recalculated CO2 figure is doubtful. (H20- was done at a later time and not 
on the same material.) In this connection it is significant to note that CaCOa uncorrected 
for HzO- and NaCl has the following values: 31·11% in the upper portion and 31·34% in 
the lower portion. 

Similarly the lowest portion of station 166 cannot rigorously be held as an exception; 
as the amounts of carbon and nitrogen are low, the limits of error could easily account for 
the discrepancy. 

The top, middle and lower portions of the core from station 106 have practically 
the same CO2 content, and corresponding with this the C : N ratio shows small variations. 
In some cores the C : N ratio oscillates, the middle portion having a lower or higher ratio 
than the top and bottom portions. In accordance with this behaviour the CO2 content 
varies sympathetically, the only exception being the lowest portion of Station 167, and as 
the nitrogen is low, this can easily be accounted for by experimental error in the carbon 
or nitrogen determinations. 
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TABLE VI. 
Station No. C:N. COl' 

Increase 62 Top 10,1 12·27 
62 (201 em.) 18·7 17'86 
33 Top 10'9 22'37 
33 (37! em.) 13,4 24'92 
26 Top 11'3 22,69 

26 (30! em.) 13,4 29'33 
'26 (54! em.~ 14·1 31,88 

66 Top 12,4 15'48 
66 (43 em.) 15'1 14·91 

20 Top 12'8 24,12 

20 (411 em.) 15·1 27'70 

101 Top 13·6 17'56 

101 (321 em.) 18'1 26'17 

101 (881 em.) 19'7 28'17 
Decrease 21 Top 13·2 25'57 

21 (38£ em.) 11·6 17'50 
93 Top 15'8 27'75 
93 (50 em.) 14·6 15·95 

93 (83! em.) 12'9 11·39 

134 Top 22'6 26-68 

134 (107! em.) 22'1 24-84 

134 (118 em.) 18'0 24'41 

166 Top 25·3 1'14 

166 (22i em.) 17,6 0,88 

166 (501 em.) 16·0 0-71 

166 (761 em.) 10'7 1'02 

Approximately 106 Top 13'5 29·36 

the same 106 (321 em.) 13'6 29-34 

106 (54! em.) 13'8 29·93 

Oscillate 167 Top 13·2 32'10 

167 (481 em.) 11,9 29·43 

167 (108! em.) 15·6 26·96 

119 Top 20·0 26'58 

119 (31i em.) 15'4 16·19 

119 (66! em.) 19·4 26'19 

128 Top 25'9 32·10 

128 (481 em.) 35'5 36'60 

128 (99 em.) 25'7 32·98 

135 Top 27·4 38'17 

135 (62! em.) 19·3 30·13 

135 (1l4! em.) 23'9 34,71 

132 Top 34·2 34·05 

132 (48£ em.) 17'3 31·34 

132 (881 em.) 22'6 32·27 
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From these results it may tentatively be concluded that in the lower portions of the 
cores a sympathetic relation exists between the CO2 content and the C : N ratio. The 
authors do not consider this relation as fortuitous, as estimations have been carried out 
at sixteen stations, nor would it seem likely that it is due to the limits of error in the 
organic carbon and nitrogen determinations. The possible experimental errors could 
alter appreciably the C : N ratio, especially when these substances occur in small amounts, 
but even with the maximum experimental errors occurring in the most favourable way no 
alteration of this relation o~curs at five stations, whilst in general at the other stations 
the relation holds for two portions of the core and not for the third. It would seem 
unlikely that experimental errors acted suitably so as to give an artificial relation, especially 
as these possible exceptions only occur in samples poor in organic matter. Although 
there is, at present, sufficient evidence to suggest this relation, more determinations 
would have been desirable. The limitations of time, however, prevented more cores 
from being examined, and unfortunately no information is available in the literature. 
It would be unreasonable to expect this relation to hold for all oceanic deposits, but it 
should apply to those deposits in which there is a connection between the carbonate 
content and the physical and chemical properties of ' the bottom water. 

In order to attempt a possible explanation it is necessary to point out the conditions 
which govern the solubility of CaC03 in sea-water. Johnston and Williamson (1916) 
demoll'3trated that the precipitation and solution of CaC03 in sea-water is governed by 
the law of mass action, [Ca++] X [CO"3] = K'cacoa' in which the brackets represent 
molar concentration, and K' Cac:), is the stochiometric solubility product in the presence 
of solid CaCOa. From this equation it follows that under any conditions the solubility 
of CaCOa is controlled by the cO:lcentrations of calcium and carbonate ions and the value 
of the COll'3tant K' c .. co.. It is well known that salinity, temperature, hydrostatic 
pressure, CO2 content and pH affect these factors, and it has been the task of several 
0~eanographer8 to determine how these several factors affect the solubility. 

The total concentration of calcium can be measured directly (Kirk, 1933), or its 
variations can be determined from the variations in the titratable base (Wattenberg, 1933), 
but the concentration of carbonate ions cannot be determined directly. It may, however, 
be calculated from the first and second dissociation constants of carbo,nic acid in sea-water, 
provided the pH is known. The first dissociation constant, at a salinity of 34%

0 and 
temperature of 20°, has a value of 1 0---3 (Buch, 1932), but the value of the second dissociation 
COll'3tant (Buch, 1930; Moberg, 1934) is more questionable. Further, as boric acid is 
pre3ent to the extent of about 18% of the titratable base, a correction for boron must be 
applied in order to determine the amount of the base which is balanced against carbonic 
acid. The first and second dissociation constants of CaC03 in sea-water vary with the 
salinity and temperature, but relations have been established between these factors. 
Finally, the effect o~ hydr03tatic pressure on the dissociation constants of carbonic acid is 
unknown. Revelle (1934) has given a most useful table showing the comparative effects 
of changes in salinity, temperature and carbon dioxide content on the components of the 
system controlling the solubility of calcium carbonate. At saturation 

[Ca++] X [CO"3] 
~-~- ~ -, ~-- --- ~~ = 1, 

K CaCO. 

and in under-saturation solution this quotient is less than 1. According to Revelle at a 
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depth of 1000 metres (salinity 360
/
00

, temperature 50 C.) a change in the carbon dioxide 
content from 2'35 millimoles per litre to 2'40 per litre reduces the saturation quotient by 
-23%. He concludes that the most important factor controlling the solubility of CaCOa 
in sea-water is the CO2 content, and the order of importance of the other physical constants 
is temperature, salinity and hydrostatic pressure. 

In attempting to explain the possibility of the C : N ratio influencing the solubility 
of CaCOa, it is first necessary to point out that the CO2 content of sea-water is largely 
controlled by biological activity. If equilibrium conditions exist between the bottom 
water and sediment, a reduction of this r~tio would increase the CO2 content of the bottom 
water, and consequently ,the amount of carbonate in the sediment would decrease. With 
changing conditions it is possible, at a subsequent time, for the regeneration of organic 
carbon with reference to nitrogen to decrease (i. e. the C : N ratio increases). The CO2 

content of the bottom water would decrease and consequently the sediment would have 
an increased carbonate content. It is, therefore, possible to explain in the cores the 
apparent connection between the C : N ratio and carbonate content, but it is difficult to 
put forward any suggestion about the factors which favour the regeneration of organic 
carbon, as very little is known about the viability of bacteria in oceanic sediments and 
the conditions favouring the production of nitrifying or CO2-producing bacteria. It 
would seem, therefore, impossible to suggest the conditions favourable to the development 
of certain specific bacteria until bacteriologists have made more detailed investigations 
about the bacteriological content of marine deposits. 

Sediments with a comparable carbonate content are not always accompanied by the 
same C : N ratio, and in addition the rate of increase of the C : N ratio is not always the 
same as that of the carbonate content. These facts do not oppose the above-mentioned 

. explanation, as the solubility of CaCOa depends not only on the CO2 content, but also on 
temperature, salinity and hydrostatic pressure. In addition the rate of renewal of the 
bottom water must affect its CO2 content, and the rate of accumulation of the non-carbonate 
components may influence the carbonate content of the sediment. It would, therefore, 
be unreasonable to expect all stations with the same C : N ratio to have the same carbonate 
content. 

IX. SUMMARY AND CONCLUSIONS. 

The amount of qrganic carbon and nitrogen has been determined on bottom sediments 
from 44 Arabian Sea Stiations, and estimations have been made on the lower portions of 
16 cores. In the Arabian Sea there is a large central area exten.ding into the Gulf of 
Oman where the organic carbon content of the sediments is less than 1 %. Surrounding 
this is a belt containing 1-1'5%, and then a coastal area with greater content. The 
distribntion of organic carbon is in general agreement with the productivity of the area 
determined from chemical studies and plankton hauls. 

The C : N ratio in surface samples varies between 4·9 and 34·2, though there is a 
tendency for a regional constancy of this ratio; the average ratio for surface samples is 
14'4. Previously it has. been suggested by some investigators that, as a routine procedure, 
the estimations of organic matter can be most satisfactorily obtained from nitrogen, but 
the authors consider that this is likely to lead to very inaccurate results because of the 
variability of the C : N ratio. 
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In the lower portions of the investigated cores organic carbon and nitrogen may 
decrease, increase, or oscillate. The variations of the C : N ratio in the lower portions 
agree, in general, with the variations of the CaCOs content, and a provisional explanation 
for this is suggested. It is, in conclusion, to be hoped that future expeditions studying 
the productivity of the oceans will not ignore the information which may be obtained 
from the sediments, and will collect bottom samples with all possible oceanographical 
data. By this means more useful results will be obtained, which will be helpful in the 
interpretation of other problems. 
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