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Abstract—The grain-size composition of nonlithified sediments in the Indian, Pacific, and Atlantic oceans is
studied. Grain-size features of the major lithogenetic types of deep-water sediments are determined. The
genetic interpretation of results obtained is given. Trends of the fractionation of sandy-silty and pelitic materi-
als in pelagic zones of sedimentation basins are revealed.
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Relationship of size fractions in deep-water oceanic
sediments controls three (circumcontinental, latitudi-
nal, and vertical) types of the zonality of natural pro-
cesses and azonal factors (tectonics, volcanism, hydro-
dynamics, and gravity). Interaction of processes men-
tioned above in specific facies settings is reflected in
diverse grain-size features of sediments. The aim of the
present communication is to reveal certain trends in the
initial material fractionation in oceanic pelagic zones
based on grain-size parameters of the major lithoge-
netic types of deep-water sediments.

MATERIALS AND METHODS

We discuss results of the investigation of approxi-
mately 3000 samples of nonlithified sediments taken in
different periods by authors of the present communica-
tion and other researchers of the Shirshov Institute of
Oceanology in the Indian, Pacific, and Atlantic oceans
(Fig. 1). The wet sieving (grain-size distribution) anal-
ysis was carried out by the traditional (Petelin, 1967)
and refined Petelin (Alekseeva and Sval’nov, 2000)
methods. Some samples were analyzed by the Atter-
berg method (Tucker, 1988).

The grain-size spectrum of components in the stud-
ied samples ranges from <1 pum to gravel and coarser
dimensions. Grains larger than 1 mm are often repre-
sented by biogenic remains (detritus and intact shells),
which usually preserve the lifetime position in thanato-
cenosis, authigenic concretions of different composi-
tions, and exotic clasts. Therefore, the sum of <1-mm
fractions was recalculated to 100%. In certain situa-
tions, this approach makes it possible to eliminate the
random influence of the benthogene, authigenic, and
gravitational factors on the distribution of fine-grained
components depending on the hydrodynamic regime.
After the recalculation, specific features of the grain-
size composition of sediments become more vivid, but

201

the relationship of <l-mm fractions is retained. It
should be noted that the share of the coarse fraction
(>1 mm) in the studied sediments usually does not
exceed 5% and cannot noticeably affect their grain-size
parameters.

Based on lithogenetic types of sediments (Sval’nov,
2001), the entire data array is divided into statistical
samples and subsamples (Table 1) depending on the
composition of admixtures differing from the back-
ground (biogenic fragments; edaphogenic, underwater,
and subaerial volcanic materials; terrigenous minerals
of the sandy-silty dimension; and others). The
PC-based calculations of contents were performed for
14 fractions and the results obtained were used to com-
pile bar charts, cyclograms, cumulative curves (CC),
empirical distribution fields (EDF), and ternary dia-
grams. Finally, we calculated the following parameters
(Sval’nov and Alekseeva, 2003): median (Md), sorting
coefficient (So), and coefficients of the pelitic material
differentiation Kd and Kd, (relations of the subcolloi-
dal fraction to coarse and medium pelite fractions,
respectively). The results obtained show that grain-size
coefficients (Md, So, Kd, and Kd,), EDF, and CC are
the statistically most informative characteristics of non-
lithified sediments.

PETROGRAPHIC COMPOSITION
AND DISTRIBUTION OF SEDIMENTS

Oceanic sediments include terrigenous, biogenic,
volcanogenic, cosmogenic, edaphogenic, and authi-
genic components, relationship between which
depends on specific facies environments. Despite
genetic diversity of the initial material, the ocean floor
is characterized by a relatively small group of major
sediment types. However, one can identify several vari-
eties of sediments of mixed type in transitional (gener-
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Fig. 1. Location of the studied objects. Major currents on the World Ocean surface (Stepanov, 1974): (I) cyclonic tropic, (II) anti-
cyclonic subtropic, (III) cyclonic high-latitude. The studied seafloor areas are shaded.

ally, gradual) zones based on the complex of parame-
ters (Table 1).

Sediments containing more than 70% of the major
component are conditionally referred to as one-compo-
nent (“pure”) type. In polycomponent (mixed) sedi-
ments, two or more components make up 30-70% each
(Murdmaa, 1987). This approach was used for the
description of the major types of sediments and their
varieties (Sval’nov, 2001).

Clastic sediments include terrigenous, volcanoter-
rigenous, and volcaniclastic materials with psammitic
(sandy) and aleuritic (silty) textures. They are com-
posed of products of the continental rock disintegration
or volcaniclastic material (tephra) transported to ocean.
Accumulations of edaphogenic material of different
grain size fractions (from lumpy slide-rocks to silt-
stones) consisting from the products of bottom rock
disintegration are also included in this group at sedi-
ments.

Clayey sediments include pelitic and silty—pelitic
varieties with the content of <0.01-mm fraction equal to
>70% and 50-70%, respectively. They are mainly com-
posed of genetically different clay minerals and diverse
fine-clastic material. The admixture of biogenic, eda-
phogenic, and authigenic components is noticeable in
some places. Clayey sediments are deposited at any
depth in the World Ocean, but their composition appre-

LITHOLOGY AND MINERAL RESOURCES

ciably changes off the coast. Hemipelagic (including
the shallow-water facies), miopelagic, and eupelagic
sediments are the major lithofacies types of clays.
According to the classification based on the zeolite con-
tent (Sval’nov, 2001), the eupelagic clays can be
divided into eupelagic sediments (phillipsite up to
30%), zeolite—clayey sediments (phillipsite 30-50%),
and zeolitites (zeolite >50%).

Pliocene—Pleistocene eupelagic clays are developed
in the central oceanic zones beneath the anticyclonic
gyres with low bioproductivity. Such clays are charac-
terized by negligible sedimentation rate, domination of
authigenic composition (smectite, phillipsite, palago-
nite, and ferromanganese nodules), high content of
bone detritus, and oxidizing environment.

Sediments of the eupelagic facies give way to Qua-
ternary miopelagic clays at transitions from the anticy-
clonic gyres to cyclonic gyres with high bioproductiv-
ity. The miopelagic clays formed in oxidizing and sub-
oxidizing environments have an authigenic terrigenous
composition. They are characterized by relatively high
sedimentation rate, predominance of terrigenous clay
minerals, subordinate role of authigenic formations
(micronodules, smectite, celestobarite, and phillipsite),
and occasional presence of radiolarians, foraminifers,
and other biological components.
Vol. 41
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Table 1. Statistical samples based on sediment types

203

Samples Su;)IS:Sm— Sediment type Seg(ilomugm
1 2 3 4
A. Pliocene-Quaternary sediment
EC eupelagic clay
I (EC) zC zeolitic-clayey sediment
Z zeolitite
MC miopelagic clay
ITa ™MC the same (radiolaria-rich)
rdMC the same (radiolaria- and diatom-rich)
II (MC) rlcMC | the same (radiolaria-rich, low-calcareous)
1Ib IcMC the same (low-calcareous)
rdlcMC | the same (radiolaria- and diatom-rich, low-calcareous)
IIc trMC the same (tuffaceous radiolaria-rich)
HC hemipelagic clay
Illa rHC the same (radiolaria-rich)
dHC the same (diatom-rich)
dlcHC |the same (diatom-rich, low-calcareous) u;:
b rlcHC the same (diatom-rich, low-calcareous) 8
rdlcHC | the same (radiolaria- and diatom-rich, low-calcareous)
IcHC the same (low-calcareous)
IctHC the same (low-calcareous tuffaceous)
tHC the same (tuffaceous)
I (HC) |[IlIc - -
dtHC the same (diatom-rich tuffaceous)
rtHC the same (radiolaria-rich tuffaceous)
sHC the same (silty)
md SC silty—cla)'/ey mud
CS clayey-silty mud
CDS clayey-diatom-silty mud
e saslcHC | hemipelagic clay with abundant sandy-silty material (low-calcareous)
tleSaSC | sandy-silty-clayey mud (tuffaceous low-calcareous)
It FeHC hemipelagic clay with Fe (metalliferous)
R radiolarian ooze
IVa dR the same (diatom-rich)
IV (R) DR diatom-radiolarian ooze
IVDb tDR the same (tuffaceous)
IVc IcDR the same (low-calcareous)
D diatom ooze
Va rD the same (radiolaria-rich) §
CD clayey-diatom ooze 8
Vv (D) rCD the same (radiolaria-rich) 7
Vb 1cCD the same (low-calcareous)
Ve rtCD the same (radiolaria-rich tuffaceous)
vd CSD clayey-silty-diatom ooze
SCD silty-clayey-diatom ooze
CR clayey-radiolarian ooze
VICR) | VIa dCR the same (diatom-rich)

LITHOLOGY AND MINERAL RESOURCES  Vol. 41 No. 3 2006
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Samples Susliim_ Sediment type Seg(ilomu;nt
1 2 3 4
VIb dlcCR |the same (diatom-rich low-calcareous)
IcCR the same (low-calcareous)
Ve IctCR the same (low-calcareous tuffaceous)
VI (CR) tCR the same (tuffaceous)
FCR foraminiferal-coccolith—radiolarian ooze
VId CFR coccolith—foraminiferal-radiolarian ooze
FR foraminiferal-radiolarian ooze
RC radiolarian—clayey ooze
VIl a - - 4
dRC the same (diatom-rich) 3
VII (RC) |VIIb IcRC the same (low-calcareous) %
VI c tRC the same (tuffaceous) i
IctRC the same (low-calcareous tuffaceous)
DC diatom-clayey ooze
VIII a — -
RDC radiolarian—diatom—clayey ooze
VIIIb |lcDC diatom—clayey ooze (low-calcareous)
VIII (DC)
VI ¢ tDC the same (tuffaceous)
tRDC radiolarian—diatom—clayey ooze (tuffaceous)
ViiId |DSC diatom-silty—clayey ooze
F foraminiferal ooze
X a cF the same (coccolith-rich)
CcF coccolith-foraminiferal ooze
rCcF the same (radiolaria-rich)
IX (F) tF foraminiferal ooze (tuffaceous)
IXDb tDF diatom-foraminiferal ooze (tuffaceous)
tCcF coccolith-foraminiferal ooze (tuffaceous with acid volcaniclastics)
IXc vCcF the same (with basic volcaniclastics)
IXd pCcF the same (with pteropods)
Cc coccolith ooze
fCc the same (foraminifer-rich)
X a rCc the same (radiolaria-rich) =
FCc foraminiferal-coccolith ooze §
rFCc the same (radiolaria-rich) 5
fvCc coccolith ooze (foraminifer-rich with basic volcaniclastics)
X (©) rtCc the same (radiolaria-rich tuffaceous)
Xb tvCc the same (tuffaceous with basic volcaniclastics)
vFCc foraminiferal—-coccolith ooze (with basic volcaniclastics)
vSiC silicate-coccolith ooze (with basic volcaniclastics)
sCc coccolith ooze (silty)
Xc fsCc the same (foraminifer-rich silty)
sFCc foraminiferal-coccolith ooze (silty)
Xd pFCc the same (with pteropods)
CIC clayey—calcareous mud
XI(CIC) |XIa —
rCIC the same (radiolaria-rich)
LITHOLOGY AND MINERAL RESOURCES Vol. 41 No.3 2006
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Samples Sultj)lseasm— Sediment type Seg(ilonlj;m
1 2 3 4
XIb sCIC the same (silty)
XI (CIC) - -
Xlc MnFeCIC| the same with Mn and Fe (metalliferous)
CCl1 calcareous—clayey mud
XII a rCCl the same (radiolaria-rich)
rdCCl the same (radiolaria- and diatom-rich)
XI1(CCly | XITb sasCCl |the same (sandy—s%lty) .
sastCCl |the same (sandy—silty—tuffaceous) =
XII ¢ vCCl the same (with basic volcaniclastics) _g
XITd FeCCl |the same with Fe (metalliferous) (‘j
MnFeCCl| the same with Fe and Mn (metalliferous)
XIII (MD) MD mixed detrital sediment
CoAS coral—algal sand
XIV GSaCoA | gravelly—sandy—coral-algal sediment
(CAS) GCoA | gravelly—coral-algal sediment
saGCoA | gravelly—coral—-algal sediment (with detrital sand)
T acid tephra \
XV (T) -
IcT the same (low-calcareous) 3
gSaVv volcaniclastic sand (with basic glass and gravel of the same composition) '% g
XVI (VS) IcSaV the same (low-calcareous) %
GSaSV | gravelly—sandy-silty sediment of basic composition >
FeCl metalliferous (ferruginous—clayey) sediment i
ClFe the same (clayey—ferruginous) 5
XVII IcFeMnCl| the same (ferruginous—manganiferous—clayey low-calcareous) ﬁ
(MFe) 5
IcFeMnCl| the same (manganiferous—ferruginous—clayey low-calcareous) b
FeMnCIC| the same (ferruginous—manganiferous—clayey-calcareous) =
B. Pre-Paleocene sediments
MCl miopelagic clay (Miocene)
fi/\[lg)l rMCl the same (radiolaria-rich) .
zMCI the same (zeolite-rich) o
XIX HCIM | hemipelagic clay (Miocene) 8
(HCM) rHCIM | the same (radiolaria-rich)
sM silty mudstone
RS radiolarian sediment
dRS the same (diatom-rich)
XX (RS) CRS clayey-radiolarian sediment -
RCS radiolarian-clayey sediment §
CRS coccolith-radiolarian sediment =
DS diatom sediment @
XXTI (DS) CDS clayey-diatom sediment
DCS diatom-clayey sediment
XXII (CS) CS coccolith sediment o)
rCS the same (radiolaria-rich) %
XXIIT CFS coccolith-foraminiferal sediment %
(CFS) cCcRS [the same, clayey sandstone ©

LITHOLOGY AND MINERAL RESOURCES  Vol. 41 No. 3 2006
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Pleistocene and Holocene hemipelagic and shallow-
water clays are deposited under conditions of near-con-
tinental lithogenesis (high sedimentation rate, reducing
environment, and proximity to catchment areas). Such
sediments are primarily composed of terrigenous clas-
tic silty and clayey materials with authigenic pyrite,
glauconite, rhodochrosite, and biogenic remains (fora-
minifers, radiolarians, coccolithophorids, and dia-
toms).

Calcareous sediments. The domain of calcareous
sediments is governed by the critical depth of carbonate
accumulation (CDC). Above the CDC, calcareous skel-
etons are well preserved and deposited as monomineral
sediments. Below the CDC, the skeletons intensely dis-
solve and the CaCO; content rapidly decreases to the
negligible level. The CaCOj; content is <10% in noncar-
bonate sediments. In deep-water zones of the World
Ocean, calcareous sediments are mainly represented by
the planktonic-foraminiferal, coccolith-foraminiferal,
coccolith, foraminiferal-coccolith, and clayey—calcare-
ous varieties. The carbonate sediments include all tran-
sitional varieties ranging from pelites to psammites.
Pteropod oozes are found in some areas. The bentho-
gene carbonate sediments are divided into the shelly,
foraminiferal, coral-algal, and mixed detrital varieties.

Siliceous sediments. Radiolarians and diatom algae
play a crucial role in the formation of siliceous (more
correctly, clayey—siliceous) sediments. Based on the
prevalence of siliceous skeletons of planktons, the sili-
ceous sediments are divided into the radiolarian and
clayey-radiolarian, diatom (including the Ethmodiscus
and Thalassiotrix varieties), clayey—diatom, clayey—
Ethmodiscus, Ethmodiscus—radiolarian, and radiolar-
ian—Ethmodiscus oozes. Siliceous—sponge (spicule)
oozes are referred to as benthogene sediments.

Calcareous—clayey sediments correspond to
pelites (clays) and silty clays. They are mainly com-
posed of fine-clastic and clayey materials (50-70%).
The content of fragments of planktonic foraminiferal
and coccolith shells is as much as 30-50%. The sedi-
ments usually contain an admixture of radiolarians, dia-
toms, and silt-size clastic minerals (plagioclases,
pyroxenes, and others). Radiolarians are present in
some places.

Siliceous—clayey sediments are divided into the
radiolarian—clayey and Ethmodiscus—clayey varieties
with siliceous skeletal remains (up to 50%). They cor-
respond to clays and silty clays with respect to grain-
size composition. The radiolarian—clayey sediment is
composed of clayey and other fine-clastic minerals
(50-70%), radiolarian skeletons (30-50%), and a small
amount of plagioclases, colorless glass, Ethmodiscus,
and small diatoms. Low-calcareous radiolarian—clayey
oozes are also present.

The Ethmodiscus—clayey sediments include clayey
and other fine-clastic minerals (50-70%) and Ethmo-
discus shells (30-50%). The subordinate components
are represented by radiolarians, small diatoms, silt-size

LITHOLOGY AND MINERAL RESOURCES
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allochthonous minerals, and pyrite. The Ethmodiscus—
clayey sediments are divided into the tuffaceous, low-
calcareous, and radiolaria-rich varieties.

Benthogene siliceous—sponge sediments are pre-
sumably widespread on the shelf. However, the rede-
posited variety is found at a depth of as much as 5450 m
(Sval’nov, 1983). For example, sediments on the shelf
off southern Australia are represented by dark brown
dense silty clays with silica microscleres and various
spicules (50-70%) and sandy-silty clastic material
(30-50%) composed of quartz, feldspars, and glauco-
nite.

The brief petrographic description given above
shows that oceanic nonlithified sediments are charac-
terized by a considerable diversity. Therefore, compar-
ison of grain-size parameters can be based on the clas-
sification of lithogenetic groups and sediment types in
respective statistical samples and subsamples (Table 1).

GRAIN-SIZE COMPOSITION OF SEDIMENTS

Results of the wet sieving method provide insights
into the sedimentation setting and lithogenetic types of
sediments. Thus, the results obtained serve as a source
of genetic information. Table 2 presents average con-
tents of size fractions in statistical samples and subsam-
ples of nonlithified oceanic sediments. The table also
gives minimal, maximal, and average values of grain-
size coefficients Md, So, Kd, and Kd,. Figure 2 shows
the summarized EDF and CC values for sediment
groups in different statistical samples.

In terms of essential parameters (relationships of
fractions; patterns of EDF, CC, bar charts, cyclograms,
and ternary diagrams; Md, So, Kd, and Kd, values; and
lithological composition), the oceanic sediments can be
divided into two major grain-size types.

Sediments of the first type are dominated by pelitic
fractions. The EDF plots are observed as steep curves
(incomplete maximums) in the pelitic fraction interval.
The CC curves are also similar in this interval. This
type includes the deep-water miopelagic and eupelagic
clays, calcareous—clayey, clayey—siliceous and sili-
ceous—clayey sediments, metalliferous sediments, shal-
low-water clays, pre-Pliocene coccolith sediments, and
hemipelagic clays (Tables 1, 2; Fig. 2; samples I, II, IV—
VIII, XII, and XVII-XXII). Each sample is character-
ized by specific ranges of grain-size coefficients (Md,
So, Kd, and Kd,).

Sediments of the second type include statistical
samples III, IX—XI, XIII-XVI, and XXIII (Table 1),
i.e., shallow-water clastic sediments of marginal seas,
oceanic shelf, deep-water carbonate sediments,
Pliocene—Quaternary hemipelagic clays, and volcani-
clastic rocks. Pelitic fractions also prevail in some cases
(Table 2), but they contain sandy—silty biogenic frag-
ments and genetically different clastic (terrigenous,
subaerial volcanic, edaphogenic, and submarine volca-
nic) components. The respective changes in grain-size
Vol. 41
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Table 2. Average grain-size characteristics of the major types of sediments in the World Ocean
Content of fraction, %
fraction, mm
e S 3 1S53 |2 |=8 . | &
2 (s |4 (8|2 |83 |8 S8 |2 |35 |2 | l|l=|=
n — S S S S S S NAY, @ 7 a. = A M N
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
I (EC)
av 0.07| 0.16| 042 0.31| 093] 14.58| 30.87| 51.73| 0.65| 1.24|98.10| 4.80| 2.0 6.3 1.9
max 7.80| 49 | 758 | 55
min 271 1.6 0.9 1.1
I MC)
a 0.02| 0.07| 0.18| 0.16| 0.20| 14.93| 33.43|51.17| 0.27| 0.36]99.36| 4.89| 1.9 4.7 1.6
b 0.05| 0.08| 0.72| 1.42| 0.79| 21.17| 32.84| 42.69| 0.85| 2.21|96.93| 5.83| 2.0 2.2 14
c - 0.03| 0.24| 1.60| 0.80| 22.99| 32.33|42.02| 0.27| 2.40|97.34| 6.00| 2.0 2.5 1.3
av 0.02| 0.07 020| 0.21| 0.22| 15.16| 33.41| 50.86| 0.29| 0.43|99.28| 5.57| 2.00| 3.71| 1.43
max 9.75| 2.6 |[28.6 | 5.0
min 291| 1.7 06 | 0.8
III (HC)
a 0.06| 0.15| 0.78| 0.76| 2.14| 17.99| 30.15| 42.77| 0.99| 290]| 96.12| 6.01| 2.5 2.7 1.5
b 0.16| 091| 2.48| 3.20| 5.58| 17.32| 28.16| 43.97| 3.55| 8.78| 87.68| 5.79| 2.4 29 1.6
c 0.06| 0.13| 1.92| 393| 630| - - 87.66| 2.11] 10.23| 87.66
d 041| 041 3.05| 12.36| 23.36| 10.09| 15.84| 27.10| 3.87| 35.72| 60.41 | 36.46| 4.2 34 1.8
e 0.49| 2.69|3091| 16.21| 643 - — | 43.27| 34.09| 22.64| 43.27
f 045 0.86| 2.88| 7.96| 2.03| - - 85.81| 4.19| 10.00| 85.81
av 0.13| 037 1.79| 295| 541|13.71|22.28| 34.65| 2.29| 8.36| 89.36| 16.09| 3.02| 3.01| 1.64
max 67.57| 5.1 | 154 | 33
min 3731 1.8 1.3 1.0
IV (R)
a 0.01| 020 0.60| 1.32| 1.76| 14.32] 28.10| 54.57| 0.81| 3.08| 96.11| 4.50| 2.0 45 | 2.1
b 0.02| 0.10 1.34| 5.23| 521|17.26|23.97|47.18| 1.47|10.44]| 88.10| 6.01| 2.5 35 | 22
0.06| 040 097| 1.40| 1.94| 14.21|27.32|5347| 1.44| 3.33|9523| 453 2.0 39 | 2.0
av 0.02| 0.22| 0.73| 1.74| 2.15| 1490]| 27.20| 52.99| 0.97| 3.90| 95.13| 5.01| 2.18| 3.97| 2.07
max 11.61| 47 | 11.8 | 5.7
min 2.85| 1.7 0.8 1.2
V (D)
a 0.04| 0.16 048] 0.65| 0.69| 16.14| 31.44| 50.55| 0.68| 1.33|97.98| 4.90| 2.0 3.5 1.6
b 0.15| 1.32| 1.85| 1.30| 1.42|27.22|3593|3593| 3.32| 2.72|9396| 6.60| 2.0 1.4 1.0
c 0.07| 029 241| 4.49| 1.17|12.95]| 28.17|50.45| 2.77| 5.66|91.57| 4.93| 2.2 4.1 1.8
d 0.09| 0.09| 226| 11.72| 24.19| 12.31| 19.42| 28.43| 2.43| 35.92| 61.65| 15.98| 4.1 24 1.5
av 0.06| 0.33| 1.09| 2.22| 2.88|15.73]|29.99|4791| 1.48| 5.10|93.41| 8.10| 2.55| 2.81| 1.50
max 21.19| 43 56 | 22
min 4.07) 1.8 1.0 1.0
LITHOLOGY AND MINERAL RESOURCES  Vol. 41 No.3 2006



208

Table 2. (Contd.)

SVAL’NOV, ALEKSEEVA

1 2 3 4 5 6 7 8 9 10 [ 11 | 12 ] 13 ] 14| 15|16
VI (CR)
a 0.04| 021] 0.75| 1.22] 1.55| 15.81|31.16| 49.70| 1.01| 2.77|96.23| 5.03] 2.0 | 35 | 1.7
b 0.07| 020| 0.81| 1.53| 1.75|17.19| 30.08 | 48.94| 1.07| 3.28|95.64| 5.10] 2.0 | 3.1 | 1.7
c 0.03| 0.12] 2.05| 4.80| 2.52]16.99|29.09|43.04| 2.19| 7.32|90.48| 5.93| 23 | 2.7 | 1.6
d 0.03| 045| 1.77| 2.95| 2.94| - — | 91.86| 2.26| 5.89|91.86
av 0.04| 021| 0.80| 1.37| 1.61]16.16|30.87|49.40| 1.05| 2.98|95.97| 535 2.12| 3.09| 1.66
max 834 44 | 223 | 58
min 285 1.7 | 07 | 1.0
VII (RC)
a 0.02] 0.05| 0.30| 0.40| 040]| 16.78| 34.41| 47.76| 0.37| 0.80|98.83| 527| 19 | 3.4 | 14
b — | 0.09| 047| 0.56| 0.33|18.05|32.26| 48.33| 0.56| 0.89]98.55| 5.18] 2.0 | 2.7 | 15
0.03| 0.13| 1.07| 458] 3.19| - — |oto1| 122 7.77|91.01
av 0.02| 0.06| 033| 0.53| 048] 16.92|34.16|47.82| 041| 1.0 |98.59| 523| 1.95| 3.04| 148
max 844 28 | 7.0 | 33
min 347 18 | 07 | 08
VIII (DC)
a 020| 0.54| 1.28| 1.51] 2.35]20.30]29.31|43.96| 2.02| 3.86|94.12| 6.95| 24 | 29 | 1.6
b 095| 4.42|12.06| 8.75| 6.89| 6.31|27.60|33.02| 17.43| 15.64| 66.93| 7.67| 58 | 52 | 1.2
c 031| 0.15| 1.46| 230| 051]21.64|32.25|41.37| 1.92| 2.81|9527| 6.06| 2.1 | 27 | 1.3
d 0.05| 0.15| 1.22]10.63]26.05| 12.50| 19.22| 30.18| 1.42| 36.68| 61.90| 16.43| 42 | 2.6 | 1.6
av 026| 0.54| 1.90| 3.62| 5.65|18.75| 28.68|40.05| 2.70| 9.28|88.02| 9.28| 3.63| 3.33| 1.41
max 26.87| 58 | 6.0 | 24
min 379 19 | 1.0 | 1.0
IX (F)
a 2.66| 12.34| 891| 7.18] 4.95| 16.19] 21.89] 28.20| 23.91 | 12.13] 63.97| 56.50| 65 | 2.5 | 15
b 043| 1.81] 7.10| 17.68] 21.35| 9.98| 12.34| 21.37| 9.34| 39.03| 51.63| 60.10| 4.7 | 22 | 1.7
c 580| 7.34| 5.61| 244| 2.44|14.17| 2699|3520 18.75| 4.88|76.37| 50.28| 4.1 | 2.5 | 1.3
d 35.19| 28.17| 6.65| 4.15| 0.75| 9.08| 3.83|12.19|70.01| 4.91|25.09(695.47| 45 | 1.3 | 3.2
av 3.05| 11.84| 8.67| 7.39| 5.50| 15.68| 21.58| 28.17| 23.56 | 12.89 | 63.56{215.59| 4.96| 2.12| 1.92
max 695.47| 145 | 12.6 | 4.2
min 551 19 | 05| 05
X (C)
a 0.94| 429| 531| 3.91| 2.01] 18.43|29.57| 36.55| 10.55| 5.92|83.53| 7.59| 3.0 | 2.4 | 1.3
b 3.05| 7.60| 8.78| 4.89| 7.21|14.47|27.10| 26.52| 19.43| 12.10| 68.47| 26.10| 4.5 | 2.4 | 1.1
c 141 348| 1.23| 3.40| 097|23.97| 3234|3321 6.11| 4.37[89.52| 727/ 23 | 15 | 1.0
d 0.77| 2.04| 2.57| 053] 0.25|31.82|26.49|3553| 538| 0.78|93.84| 7.31| 25 | 1.1 | 1.3
av 1.19| 4.62| 551| 3.98| 2.54|18.32|29.40|3521| 11.32| 6.52| 82.16| 12.07| 3.08| 1.87| 1.20
max 182.87| 11.1 | 154 | 33
min 501 14 | 05 ] 03
XI (CCl)
a 0.37| 2.05| 3.11| 2.38] 1.52] 1520 29.88 | 46.83| 5.52| 3.91|90.59| 5.66| 2.8 | 3.4 | 1.6
b 0.18| 0.75| 1.25| 0.60]15.03| - — 8218 2.19]15.6 | 82.18
0.05| 0.08| 0.47| 1.26] 0.53]32.00|30.94|36.01| 0.60| 1.80|97.61| 686 22 | 1.1 | 1.2
av 035| 1.94| 296| 231| 1.63|15.72|29.92| 46.50| 5.25| 3.94|90.82| 6.26| 2.52| 2.26| 1.40
max 1470/ 10.6 | 9.0 | 2.8
min 379 15| 1.0 | 06
LITHOLOGY AND MINERAL RESOURCES Vol. 41 No. 3 2006
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Table 2. (Contd.)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
XII (CCl)
a 044 1.66| 3.28| 2.65| 3.43|1898|29.92|46.84| 537| 6.09| 88.54| 551 2.2 2.7 1.6
b 1.55| 6.14]35.86| 1640 6.81| - - 33.24 | 43.55| 23.21| 33.24
C 296 9.69| 13.12| 8.73| 5.84| - - 59.66 | 25.76| 14.58 | 59.66
d 0.76 | 1.82| 1.59| 136| 1.00| 21.27| 26.86| 48.05| 4.17| 2.36|93.47| 534| 2.2 3.0 1.8
av 0.53| 1.88| 4.16| 296| 3.23|19.31|29.47|47.01| 6.57| 6.19| 87.23| 542| 220| 2.86| 1.71
max 14.82| 8.4 8.9 2.7
min 3.67| 1.9 1.0 1.0
XIII (MD)
av | 9.50| 21.16| 27.36| 15.08| 9.43| - | - | 17.47| 58.02| 24.51| 17.47| | | |
XIV (CAS)
av | 30.81 | 34.72| 22.23| 4.46| 1.72| - | - | 6.06| 87.76| 6.18| 6.06| | | |
XV (T)
av 0.07| 091 16.00| 1521 | 6.54| 9.05| 16.27| 28.03| 16.99| 21.75| 61.27| 63.13| 5.6 3.6 1.8
max 260.89| 8.8 | 104 3.1
min 5.62| 1.7 1.8 1.0
XVI (VS)
av 12.76 | 30.13| 9.83| 4.80| 10.20| 9.46| 10.09| 12.73 | 52.72| 15.00 | 32.28 |367.46| 5.4 1.5 1.9
max 851.37| 12.2 2.2 3.6
min 65.09| 0.7 0.8 0.6
XVII (MFe)
av 0.19| 052| 1.81| 3.21| 1.13]2695|28.30|41.99| 2.52| 4.34|93.13| 6.09| 2.2 1.9 1.6
max 791 2.5 4.5 33
min 4.07| 2.0 0.8 1.0
XVIII (MCI)
av 0.10] 0.29| 0.81| 0.89| 142 16.79| 31.30| 59.31| 1.20| 2.30|96.50| 5.27| 2.1 3.2 1.6
max 8.74| 4.2 8.2 3.7
min 337 19 1.2 1.0
XIX (HCIM)
av 0.02 0.09| 0.33| 1.13| 0.78| 11.61| 33.27| 54.56| 044| 1.92]|97.65| 439| 19 5.2 1.7
max 4.64| 2.0 8.7 1.9
min 4.06| 1.9 3.5 1.4
XX (RS)
av 0.01| 0.02| 0.69| 0.77| 0.25|16.32|31.42|50.81| 0.72| 1.02]9829| 4.88| 2.0 32 1.6
max 525 2.0 4.2 1.8
min 430] 1.9 2.5 1.5
XXI (DS)
av | - | 0.23 | 0.58 | 0.69 | 0.63 | - | - | 97.87 | 0.81 | 1.32| 97.87 | | | |
XXII (CS)
av 0.02| 0.07| 0.33| 043| 1.33|18.40| 28.88|50.54| 042| 1.76]97.82| 491| 2.0 2.8 1.8
max 6.19| 2.1 3.7 29
min 3791 1.9 1.7 1.3
XXIII (CFS)
av 0.56| 595|11.60| 844| 1.29|20.53|23.81|35.19| 18.10| 9.73| 72.16| 7.71| 3.4 1.7 1.5
max 797 3.5 2.0 1.5
min 745 3.2 1.5 1.5

Note: * The table presents contents of the sum of <0.01-mm fractions if pelites were not divided into fractions; (—) data absent. See Table 1
for sediment types in statistical samples and subsamples.
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Fig. 2. Average empirical distribution fields and cumulative curves of the major groups of sediments in the World Ocean. See

Table 1 for sediment types.

distribution are reflected in bar charts, ternary dia-
grams, and cyclograms. The EDF values always show
relative maximums in the sandy-silty region of the
grain-size distribution curve (Fig. 2) and then make up
a steep curve with decrease in the pelitic particle size
(incomplete maximum). Cumulative curves slowly rise
in the sandy—silty part of the grain-size distribution plot
and abruptly (or gradually) rise in the pelitic interval.

Sediments of the first and second types also differ in
terms of coefficients Md, So, Kd, and Kd, (Table 2). It
should be noted that the statistical samples can include
subsamples with grain-size spectrum differing from
that of the averaged sample. For example, sample II1
(distribution type 2) includes subsamples Illa, IIb, and
IIIf with distribution type 1.

The results obtained indicate that not all grain-size
parameters are equally informative for the genetic

LITHOLOGY AND MINERAL RESOURCES

interpretation of database. For example, the pelitic
material generally predominates in the majority of oce-
anic sediments (Table 2). Therefore, it is rather difficult
to judge about their nature only based on the relation-
ship of fractions. At the same time, the grain-size com-
position often serves as a reliable basis for the discrim-
ination of lithogenetic types of shallow-water oceanic
and marine sediments.

Based on parameters Md and So, one can only iden-
tify coarse-grained sediments (sand, silt, tephra, and so
on). Their sorting inversely correlates with the Md
value. In the finer-grained polygenetic sediments, the
Md values are more uniform, but the sorting is better,
so0, these two parameters are appreciably less informa-
tive.

Results of the grain-size analysis can be used for
genetic interpretation based on coefficients Kd and Kd,
Vol. 41
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Fig. 3. Average grain-size coefficients (Md, So, Kd, and
Kd;) of the major types of oceanic sediments. See Table 1
for sediment types.

that indicate the differentiation of pelitic material. In
general, each sediment type is characterized by a spe-
cific Kd value (usually, significantly higher than 1). The
Kd value increases toward the basin center (Fig. 3,
Table 2). The average Kd, value is also always higher
than 1, but this parameter is less informative due to the
similarity of sizes of medium pelite and subcolloidal
particles. Fractionation of the pelitic material is evident
from Fig. 4, which shows the dependence of Kd from
the sedimentation rate: the share of subcolloidal frac-
tion considerably increases at transition from the hemi-
pelagic facies zone (high sedimentation rate) to the
miopelagic and eupelagic (minimal sedimentation rate)
Zones.

The EDF and CC plots are apparently most impor-
tant among the results obtained in our work. These plots
are particularly useful for the description of subsam-
ples, because they make it possible to discriminate the
coarse-grained admixtures that compositionally differ
from the background material (biogenic fragments,
edaphogenic and volcanic materials, and so on).

The application of bar charts is sometimes useless,
because they appreciably mimic the EDF plots. Ternary
diagrams and cyclograms are sufficiently informative.
Photomicrographs of sediments are obligatory, since
they reveal the grain-size distribution.

Thus, results of the grain-size analysis can be used
for genetic interpretation if one takes into consideration
not only the quantitative characteristics of sediments,
but also the shape of plots and specific features of the
lithological composition of sediments.
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Fig. 4. Sedimentation rate (V) and Kd in pelagic sediments.
See Table 1 for sediment types.

GENETIC INTERPRETATION OF RESULTS
OF THE GRAIN-SIZE ANALYSIS

The major lithogenetic types of oceanic sediments
are confidently distinguished as a result of the explicit
prevalence of one component. The grain-size analysis
also revealed several transitional varieties (sediments of
the mixed type). The grain-size analysis is particularly
helpful for the identification of such sediments. In gen-
eral, the wet sieving analysis should be considered a
supplementary method that makes it possible to deci-
pher the genesis of sediments and provides new insights
into their lithological composition and sedimentation
environment.

Sand, silt, and clay were studied among the terrige-
nous clastic and clayey sediments. The relatively
coarse-grained sediments of marginal seas (Table 2,
Fig. 2) are characterized by high Md, So, and Kd val-
ues. EDF maximums are distinct in the sandy-silty por-
tion of the grain-size spectrum. Increase in the CC
value is gradual at the sand-to-silt transition and is
abrupt (or gradual) in finer particles. These features are
also typical of volcaniclastic rocks (acid tephra and
basaltic sand).

Terrigenous clayey sediments are characterized by
good sorting, low Md value (average 5—-6 \wm), absence
of prominent maximums in the EDF plot, and abrupt
increase of the CC value in the pelitic fraction of the
grain-size spectrum. The Kd and Kd; values gradually
increase off the coast. However, these parameters (par-
ticularly, Kd) are noticeably higher in sediments of
marginal seas relative to the oceanic pelagic clays
(Sval’nov and Alekseeva, 2003). It should be noted that
appreciable variations in the grain-size spectrum can be
caused by the admixture of terrigenous, biogenic, and
volcanic fragments of the sandy—silty dimension.

Biogenic carbonate sediments (Table 2, Fig. 2) are
marked by the medium- and low-grade sorting, highly
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variable Md values, and the presence of differently
expressed EDF maximums in the sandy-silty portion of
the grain-size spectrum. Cumulative curves gradually
rise with decrease in particle size. Only the calcareous—
clayey and clayey—calcareous sediments show a drastic
rise of the CC value in the pelitic interval of grain-size
distribution. The average Kd value commonly does not
exceed 3, while the Kd, value is always less than 2. The
presence of alien admixtures (volcaniclastic, terrige-
nous, and siliceous biogenic fragments) slightly modi-
fies the grain-size spectrum of carbonate sediments.

Biogenic siliceous sediments (Table 2, Fig. 2) are
characterized by the good and medium sorting, low Md
values (generally, <10 um), and the absence of promi-
nent EDF maximums. One can see small maximums in
the sandy-silty region if the sediments contain abun-
dant terrigenous or biogenic carbonate fragments and
volcaniclastic material. The cumulative curves are usu-
ally steep in the pelitic portion of the grain-size distri-
bution plot. The average Kd value ranges from 3 to 4,
while the Kd, value varies from 1.5 to 2.1.

Thus, the shape of EDF and CC plots, as well as Md,
So, Kd, and Kd, values, are most important for the
genetic interpretation of results of the grain-size analy-
sis. The presence of alien (relative to the background
material) admixtures inevitably affects the grain-size
distribution and compels us to analyze specific features
of the lithological composition and sedimentation envi-
ronment of sediments. It should be noted that the
impact of authigenic formations (zeolites, micronod-
ules, and so on) is virtually negligible for the grain-size
distribution in deep-water sediments.

TRENDS IN THE FRACTIONATION
OF SEDIMENTARY MATERIAL IN OCEANS

Relationship of grain-size fractions in sedimenta-
tion basins is primarily controlled by the lithodynam-
ics, i.e., processes of transport and fixation of the solid
sedimentary material (sediment particles or mass) on
the seafloor. All displacements of such material are sub-
divided into the vertical (sedimentation) and lateral
(subparallel to the seafloor) flows (Murdmaa, 1987).
Transitional flows include the jumpwise transformation
and other motions.

In vertical sedimentation flows, material with nega-
tive buoyancy settles according to the particle-by-parti-
cle mechanism or as a result of the biofiltrational pelle-
tal transport (Honjo, 1976, 1977).Thus, the sediments
are continuously accumulated to form pelagic sedi-
ments in central sectors of basins or on flat summits of
large rises if the water current is weak. Under other
conditions, the sediments are intensely redistributed by
hydrodynamic and gravitational flows. According to
some researchers, sedimentation flows also produce the
so-called “nepheloidites™, i.e., nepheloid layers related
to bottom currents, avalanches, gravitation flows, bio-
turbation, decomposition of faecal pellets (Honjo,
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1976), discharge of muddy river waters, and so on
(Murdmaa, 1987). Such sediments are rather wide-
spread in near-continental areas of basins (Hollister et
al., 1972; Murdmaa and Mikhina, 1979) characterized
by the contrast distribution of sedimentary material.

In lateral near-bottom hydrodynamic flows, the
water volume always prevails over the solid phase vol-
ume and they constantly interact with seafloor surface
to exchange energy and matter. Sediments of hydrody-
namic flows can be divided into two lithodynamic
types: bottom currents (“‘currentites”) and contourites
(Murdmaa, 1987). Under the influence of intertidal and
quasistationary bottom currents, accumulative aprons
are formed near the foothills of positive morphologies
owing to the washout of fine-grained material from the
summit. In some places (e.g., the Samoa Pass), flanks
of abyssal valleys incorporate sandy bars behind large
ridges of bedrocks or boulder accumulations elongated
along the current (Hollister et al., 1974; Leont’ev,
1987). Bottom currents not only produce accumulative
aprons, but also constantly transport and redistribute
the sedimentary material over the vast spaces of deep-
water basins. In contrast to “currentites,’ the contou-
rites are related to the erosion, transport, and deposition
of terrigenous material by deep-water bottom currents
parallel to bathymetric contours of the continental foot-
hill (Heezen et al., 1966).

Submarine storms (Hollister et al., 1984) that appear
approximately once in two months are an essential
hydrodynamic factor of the lateral transport of solid
material. When passing from the Polar region to equa-
tor, the deep cold waters deviate to west under the influ-
ence of the Coriolis force and lean to the western mar-
gins of oceans and western slopes of seamounts. This
effect is responsible for increase in the velocity of cur-
rents. Superposition of influences of the deep-water
current and submarine storm (vortex) fosters the ero-
sion of seafloor. Consequently, the currents transport
and redeposit the turbid sediment. At the same time, the
weaker but stable currents can entrain the turbid matter
over great distances.

According to (Murdmaa, 1987), gravitational sedi-
ments (gravitites) include the submarine avalanche,
landslide, and debris (hereafter, submarine talus), as
well as deposits related to the creep and flow of sedi-
mentary material (hereafter, turbid material). Gravitites
are widespread near the continent, but they also occur
in pelagic zones. As a result of the transformation of
autokinetic flows in the course of transportation, gravi-
tational sediments can make up a continuous series
ranging from the slip monoliths to submarine land-
slides and turbidites that are similar to both gravitites
and hydrodynamic deposits (Fisher, 1983). Pelagic
zones are characterized by unsorted accumulations of
basaltic rubble near the foothill of steep slopes within
mid-oceanic ridges and transform faults. Edaphogenic
talus (gruss—rubble) deposited on slopes of seamounts
and strike-slip depressions occasionally contain a sig-
Vol. 41
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nificant admixture of the fine-grained pelagic material
(Murdmaa, 1987; Sval’nov, 1983). Genetically differ-
ent turbidites are also common here (Sval’nov, 1991).

The brief description of the major lithodynamic
types of marine and oceanic sediments presented above
testify to an intricate interaction of various factors and
mechanisms of sedimentary matter distribution on the
sedimentation basin floor. These interactions ultimately
develop the grain-size composition of sediments. With-
out taking the polygenetic coarse-clastic sediments into
consideration, we can affirm that the relationship of
size fractions in sandy—clayey sediments is primarily
governed by hydrodynamic and gravitational pro-
cesses. Bottom currents control the lateral transport and
fractionation of sedimentary material, while gravita-
tional forces provide its subvertical settling on the sea-
floor.

Lateral sediment flows in the pure form appear only
in the coastal zone. They make up coarse-clastic and
coarse-grained deposits by the mechanism of saltation
and traction along the seafloor. The fine-grained turbid
material is transported off the coast and left in the sus-
pended state for a long time. Aerosols (terrigenous,
subaerial volcanogenic, and technogenic materials),
dead organisms, and products of their vital activity set-
tle on the seafloor by the mechanism of particle-by-par-
ticle settling or biofiltrational pelletal transport. In the
course of settling on the seafloor, the sediments are sub-
ject to the influence of surface, deep, and near-bottom
currents. Deviation of particulates from the vertical tra-
jectory has negative correlation with their size and pos-
itive correlation with depth.

The existence period of particulates in the sus-
pended state also depends on the presence of frontal,
divergent, and convergent zones in the halistase water
structure (Stepanov, 1974). In particular, the settling of
suspension is evidently accelerated in convergent zones
and decelerated in divergent zones.

Mechanical differentiation of material—the major
form of lateral flows (hydrodynamic processes)—fos-
ters the grading of coarse-grained sediments into fine-
grained varieties with increasing distance from the
coast (circumcontinental zonality). Pelitic particles also
obey this rule. Vertical sedimentation flows (gravita-
tional processes) primarily generate tephroids and bio-
genic sediments. The grain-size composition of the bio-
genic sediments depends on the bioproductivity of sur-
face waters (latitudinal zonality) and the response of
skeletal remains to processes of dissolution (vertical
zonality).

Thus, the great diversity of grain-size characteristics
of oceanic sediments is related to the interaction of
hydrodynamic and gravitational processes. The terrige-
nous (fluviogenic) material is mainly fractionated by
currents, whereas the biogenic and aerosol components
passively settle on the seafloor. Superposition of these
components on the terrigenous material occasionally
shifts the grain-size spectrum toward the coarser frac-
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tions. Coarsening of sediments in some places is related
to the activity of various gravitational flows (including
the turbid ones) and the dispersion of edaphogenic
material by bottom currents in tectonically active
Zones.

CONCLUSIONS

Hydrodynamics (mobilization and lateral transport
of primary material) and gravitation (settling of terrig-
enous, biogenic, subaerial volcanogenic, and techno-
genic components) are the major processes responsible
for the grain-size distribution. In shelf zones of the
World Ocean and marginal seas, the grain-size compo-
sition is controlled by the circumcontinental zonality of
natural processes according to the law of mechanical
differentiation of material. The relationship of fractions
in deep-water sediments is influenced by the latitudinal
and vertical zonalities of bios distribution, as well as
azonal phenomena, such as tectonics, volcanism, bot-
tom currents, and gravity-related slope processes.

Based on characteristic properties, all of the studied
lithogenetic varieties of sediments correspond to two
major types of grain-size spectrum. The first type
includes the deep-water miopelagic and eupelagic
clays, calcareous—clayey, clayey-siliceous, and sili-
ceous—clayey sediments, metalliferous sediments, and
pre-Pliocene coccolith sediments and hemipelagic
clays. The second type includes the shallow-water clas-
tic sediments of marginal seas and oceanic shelf, deep-
water carbonate sediments, Pliocene—Quaternary hemi-
pelagic clays, and volcaniclastic sediments.

The pelitic material is subject to mechanical differ-
entiation at any depth. The degree of fractionation of
such material is indicated by dimensionless coefficients
Kd (the ratio of subcolloidal particles to coarse pelite)
and Kd, (the ratio of subcolloidal particles to medium
pelite). Values of these parameters increase toward the
basin center. Biofiltrators only accelerate the settling of
fine material (pelletal transport), but they do not affect
its distribution on the seafloor where the relationship of
pelitic fractions in suspension is inherited passively.

The methodical approach based on the lithogenetic
type of sediments makes it possible to obtain grain-size
characteristics of samples and determine the genesis of
sediments on the basis of grain-size parameters. Thus,
the proposed method provides the solution of both
direct and inverse problems. We believe that the advan-
tage mentioned above is very essential for complex
geological investigations.
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