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Six sediment cores from the Carlsberg Ridge (CR) were 
studied for elemental concentration, magnetic suscep-
tibility (χ), grain size and clay mineral distribution, 
and sedimentation rate to decipher possible detrital 
and diagenetic contributions. The sediments were 
characterized by very low χ, moderate total organic 
carbon, high CaCO3 content and high accumulation 
rate (3 cm/ kyr). Clay mineralogical and geochemical 
data suggest major continental source from the Arabian 
Sea, and very low Mn distribution, absence of tephra 
and characteristic magnetic signatures rule out vol-
canic or hydrothermal input. Consistent peaks around 
10, 25, 45, 60 and 80 cm depth and high uranium are 
due to sedimentary diagenesis. 
 
Keywords: Diagenesis, elemental concentration, mag-
netic susceptibility, sedimentation rate. 
 
THE Carlsberg Ridge (CR) in the Indian Ocean separates 
the Arabian Basin from the Somali Basin. The CR has a 
typical rough morphology with non-transform disconti-
nuities similar to slow-spreading ridges like the northern 
portion of the Mid-Atlantic Ridge (MAR). Previous stud-
ies1–5 on the CR have specified half-spreading rate varying 
between 1.2 and 1.5 cm/yr, and the sub-bottom profiler 
records indicate the presence of isolated sediment cover 
only in the NW part of the CR. Although some studies6 
have considered the possibility of hydrothermal activity 
along the CR to explain higher concentrations of Cu and 
Ni in the Arabian Sea sediments, there is no direct evi-
dence. Unlike the Pacific and Atlantic Oceans7,8, the CR 
sediments are not metalliferous, and are devoid of sul-
phide minerals. 
 In a recent cruise to the CR, an unusually large event 
plume was encountered9,10, indicating sporadic volcanic 
and tectonic activity along the slow-spreading CR caus-
ing cataclysmic release of hydrothermal fluids. However, 
our attempts during the SK-207 cruise did not show such 
anomalous results11 and suggested no hydrothermal input 

in the area. During surveys by the National Institute of 
Oceanography (NIO), ~120 km NW section of the CR 
was mapped using multi-beam bathymetry system, where 
upper mantle and lower crustal rocks were recovered12. 
Here we discuss the presence of diagenetic and detrital 
signatures in the sediments from the axial valley and flank 
regions of the CR using new geochemical, radiochemical, 
clay mineralogical and magnetic susceptibility data, and 
present the sedimentation rates. 

Methodology 

Sampling techniques 

In a small portion out of the 440 km long section, a small 
segment of axial valley and flank region of NW CR in the 
Indian Ocean encloses thick sediments, from where six 
sediment cores were collected using spade and gravity 
corer (Figure 1) during SK-114 and SK-154 of ORV  
Sagar Kanya cruises. Spade core sediments (SPC-01 and  
 

 
 

Figure 1. Sample locations in axial valley and flank region of Carls-
berg Ridge with bathymetry contours. 1 = SPC-01, 2 = SPC-02, 
3 = GC-03, 4 = GC-04, 5 = GC-05 and 6 = GC-06. 
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Table 1. 230Th isotopes in SK-154, GC-04 core sediments 

Depth (cm) CaCO3 % 238U (dpm/g) 234U (dpm/g) 232Th (dpm/g) 230Th (dpm/g) 230Thexc (dpm/g) 
 

0–2 32.3 0.39 ± 0.01 0.63 ± 0.01 0.46 ± 0.04 8.87 ± 0.37 8.24 ± 0.37 
4–6 37.3 1.12 ± 0.02 1.52 ± 0.03 0.69 ± 0.06 11.04 ± 0.51 9.51 ± 0.51 
30–32 49.0 0.51 ± 0.01 0.64 ± 0.01 0.63 ± 0.05 9.75 ± 0.33 9.11 ± 0.33 
40–42 53.6 0.79 ± 0.01 1.09 ± 0.02 1.10 ± 0.10 12.57 ± 0.58 11.48 ± 0.58 
55–60 24.2 1.98 ± 0.04 3.45 ± 0.07 0.37 ± 0.04 4.11 ± 0.21 0.67 ± 0.22 
68–70 48.2 0.85 ± 0.02 0.82 ± 0.02 1.12 ± 0.11 9.19 ± 0.48 8.38 ± 0.48 
95–100 38.6 0.80 ± 0.02 1.36 ± 0.03 1.04 ± 0.08 6.95 ± 0.29 5.59 ± 0.29 
108–110 44.8 1.01 ± 0.02 1.47 ± 0.03 1.14 ± 0.07 7.19 ± 0.25 5.72 ± 0.26 
120–125 43.9 1.22 ± 0.02 0.76 ± 0.01 1.53 ± 0.14 7.55 ± 0.39 6.79 ± 0.39 
122–125 42.6 0.75 ± 0.01 1.05 ± 0.02 1.20 ± 0.14 7.28 ± 0.47 6.23 ± 0.47 

0.75 dpm = 1 ppm for 238U; 0.242 dpm = 1 ppm for 232Th. 
 
 
 
SPC-02) of SK-114 were sub-sectioned @ 2 cm interval 
up to 10 cm and then @ 5 cm up to the end, whereas four 
gravity cores (GC-03, GC-04, GC-05 and GC-06) from 
SK-154 were sub-sectioned @ 2 cm interval from top to 
the end of the core. 

Grain size and clay mineralogy 

Sediment texture was determined by the standard pipette 
analysis13 and oriented slides of 2 μm size clay fractions 
were made using 1 ml of treated sample for X-ray diffrac-
tion measurements carried out on Philips X-ray diffrac-
tometer (PW 1840) with Ni-filtered CuKα radiation, from 
3° to 22° 2θ/min, operated at 20 mA and 40 kV. Percentage 
of clay minerals was determined by weighted peak area 
method14. Total organic carbon (TOC) was estimated by 
following the wet oxidation method15 with dichromate. 
CaCO3 % was determined using CO2 Coulometer of UIC 
Inc., Model 5014. For this purpose, about 15–20 mg of 
the sample was used to acidify with 1 N HCl solution to 
liberate CO2. The accuracy was <0.1% and the precision 
was better than ± 5%. 

Chemical composition 

Transition metal concentration of Fe and Mn by XRF, 
and Si and Al by ICP-MS was determined at NGRI,  
Hyderabad. For precision and accuracy of the analysis, 
six internal and international standards (JP-1, NIM-P, JB-
3, GSR-3, JSB-1 and JB-2) were included. To determine 
magnetic susceptibility (χ), sediment samples were filled 
in non-magnetic, plastic sample holders of 8 cc capacity 
and oven-dried at 40°C. Low-frequency mass-specific 
magnetic susceptibility (χ) of the samples was measured 
on a Bartington magnetic susceptibility meter (model MS2). 
After switching on the instrument, it was allowed to warm 
up for half an hour. The mass-specific magnetic suscepti-
bility (χlf, 10–8 m3 kg–1) was calculated from the data  
obtained with the MS2 meter. 

Radiochemical measurements 

Uranium–thorium (U–Th) radiochemical separation and 
purification were carried out following the standard pro-
cedure16, and 232Th decay method was employed for  
determination of sedimentation rates (Table 1). The 230Th 
excess (i.e. portion of 230Th not supported by the decay of 
234U in the sediments) was calculated by subtracting the 
234U from the total 230Th activity, using the equation: 
230Thexc (dpm/g) = 230Th (dpm/g) – 234U (dpm/g). 

Results 

The present study includes various results on the sub-
sections up to 100 cm depth. Elemental results are pre-
sented here on carbonate free basis (cfb), unless, other-
wise mentioned. 

Axial valley sediments 

Totally three cores were obtained from the axial valley 
during SK-114 (SPC-01) and SK-154 (GC-03 and GC-04) 
cruise. The relative abundance of clay minerals in SPC-
01 sediments (clayey-silt) indicated that illite (23–40%) 
and chlorite (22–46%) were the most dominant minerals 
than smectite (6–38%) and kaolinite (13–20%). Smectite 
was the highest only in the top surface; otherwise, it was 
the lowest among others (Figure 2 a). Illite, kaolinite, clay 
(Figure 2 a), TOC and carbonate (Figure 3 a) displayed 
higher value peak at 8–10 cm depth. Sand (8–12%) de-
creased and clay (31–46%) increased with depth (Figure 
2 a). Fe and Mn content also increased from 20 cm depth 
(Figure 3 a). 
 The GC-03 core sediments behaved similarly, where 
CaCO3, TOC and illite increased with depth, and sand (7–
3%), and smectite (39–4%) showed a decrease. Kaolinite 
and chlorite displayed large variation and mixed beha-
viour. Noticeable changes occurred at 50 to 54 cm depth, 
where smectite, kaolinite, chlorite, sand, clay and Mn
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Figure 2 a–c. Profiles of clay minerals and sand–silt–clay content for SPC-01, GC-03 and GC-04 respectively. 
 
 
were higher (Figure 2 b) and CaCO3, TOC, Fe and sus-
ceptibility showed lower values (Figure 3 b). Fe was 
higher at the surface (7.3%) and varied little with depth, 
and had small peaks at 26 and 42 cm depth (Figure 3 b). 
Mn showed small increase from the surface to 48 cm 
depth, with small peaks at 24 and 46 cm, and then  
decreased to 0.06%. Susceptibility also showed small in-
crease with depth (0.3–1.2 Xlf) and a break from 46 cm 
depth (Figure 3 b). TOC was the highest (0.51%) at 80 cm 
depth. 
 The olive grey sediments of GC-04 exhibited distinct 
changes at 55–60 cm depth. Up to 50 cm depth, there was 
overall decrease in sand, illite, kaolinite and chlorite, and 
increase in clay and smectite content (Figure 2 c). Car-
bonates declined sharply (53–14%) from 40 to 60 cm 
depth, where Mn, Fe and TOC had higher peak value, indi-
cating lithological changes (Figure 3 c). TOC and Fe val-
ues were constant up to 44 and 48 cm depth respectively, 
and then increased (Figure 3 c). Mn displayed a peak at 
10 and 50 cm depth. The silty-clay sediments had com-

paratively higher susceptibility value at the surface (1.6), 
which decreased down core to 0.36 Xlf with a change at 
48–50 cm depth. 

Flank sediments 

Flank sediments include two cores from the north (SPC-
02 and GC-05) and one from the south (GC-06). Illite and 
chlorite dominated the silty-clay sediments of SPC-02. 
The down-core profiles showed decrease in smectite, kao-
linite, sand and silt content and increase in illite, chlorite 
and clay proportions (Figure 4 a). Similarly, carbonates 
and Fe showed an increase, while Mn (0.6–0.1%) and 
TOC (0.3–0.1%) decreased (Figure 5 a). Fe had a large 
range compared to Mn. 
 Silty-clay sediments of GC-05 exhibited similar down-
core trends, where illite, chlorite and clay showed an increase, 
while smectite, kaolinite and sand decreased (Figure 4 b). 
Fe had a wide range and decreased with depth up to 2%. 
Mn had a small peak around 22–40 cm, where Fe was
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Figure 3 a–c. Profiles of carbonate, Mn, Fe, total organic carbon (TOC) and magnetic susceptibility (χ) for  
SPC-01, GC-03 and GC-04 respectively. 

 
comparatively lower. Noticeable changes in carbonate, 
Mn, Fe and TOC content were marked from 50 to 60 cm 
depth (Figure 5 b). TOC was noticeably high (0.4%) at 
52 cm and magnetic susceptibility (MS) was maximum 
(0.37 Xlf) at 48 cm depth. 
 GC-06 core sediments (SW flank) were silty-clay, where 
illite and clay showed a gradual increase, and others 
showed a down-core decrease (Figure 4 c). MS decreased 
with increase in Fe with depth (Figure 5 c). Higher Mn 
occurred for 36–56 cm sections, but noticeable changes 
were seen from 75 to 80 cm depth, where Fe, Mn and 
TOC content increased and CaCO3 dropped to 48%. 
Similarly, higher peak value for carbonate and Mn, and 
lower peak value of Fe and TOC occurred at ~60 cm 
depth (Figure 5 c). 
 All the cores had similar down-core trends for Si and 
Al (Figures 6 and 7 respectively), with peaks at around 6, 
10, 14, 26, 33, 52 and 80 cm. Similarly, Mn/Al ratio had 
higher peak values at different depths (Figure 8). In most 
cores, the Mn/Al peak was seen around 40 cm depth. 
Variation in K content for axial valley sediment (1.3–
3.9%) was comparatively smaller than that for the flank 
sediments (0.8–8.0%). Except for GC-05, the down-core 
profiles of all other cores showed an increase of K with 
depth (Figure 9). 

U–Th dating  

The decay curve up to 125 cm depth (excluding the 55 cm 
plot) appears to be linear (Figure 10). The estimated 

sediment accumulation rate from 230Thex decay profile for 
GC-04 core works out to be 3.03 ± 0.14 cm/kyr (n = 11; 
r = –0.6 and P ≤ 0.05) for the top to 125 cm down core 
(11 samples, excluding the one at 55 cm). With this rate, 
the base of the core at 100 cm depth was estimated to be 
33 kyr old. 

Discussion 

Source of CR sediments 

Terrigenous source: The CR sediments are silty-clay 
throughout, except for the top 50–60 cm in the axial valley, 
where presence of both silty-clay and clayey-clay indi-
cates mixing of the sediments (Table 2). Despite differen-
tial inputs, the Si and Al down-core profiles (Figures 6 
and 7 respectively) are analogous and strongly imply a 
single (terrigenous) source for the CR sediments. The 
flank sediments of the CR are characterized by high illite 
(40–50%) and low smectite (< 20%), whereas the axial 
valley sediments have comparatively low illite (30–40%) 
and high smectite clay (30–40%). Illite is most abundant 
clay mineral in the Indus River sediments and in the Iran-
Makran soils17. Illite is also the dominant clay mineral in 
the northern Arabian Sea sediments, which has the high-
est concentrations in sediments in the areas between the 
Indus Fan and the Persian Gulf18. The ODP site 728 A in 
the NW Arabian Sea also has illite and chlorite as the 
most dominant clay minerals influenced by the terri-
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Figure 4 a–c. Profiles of clay minerals and sand–silt–clay content for SPC-02, GC-05 and GC-06 respectively. 
 
genous fractions19. The northwesterly wind system which 
was dominant during the Holocene, appears to be respon-
sible for sediment transportation to the Arabian Sea20. 
Therefore, high illite and chlorite (~ 20–30% in the  
axial valley and ~18–35% on the flanks) in the CR  
sediments strongly points towards Arabian Sea source, 
which in turn has a mixed source, predominantly from the 
Indus. 
 The supply of smectite clay to the Arabian Sea sedi-
ments from the Bay of Bengal21 or far from the southern 
latitudes below the equator due to melting of ice has been 
doubted by previous workers22. The Indus River origi-
nates in Tibet and follows the Indus Suture Zone through 
the Dras volcanics (island arc basalts and dacites) in the 
Himalayan mountain ranges and arid regions of Pakistan–
India and drains to the Arabian Sea. The major source of 
smectite to the eastern Arabian Sea is from the Deccan 
Trap, whereas the Arabian Peninsula, Persian Gulf and 
Gulf of Oman have minor contribution of smectite in the 
western Arabian Sea19. The smectite abundance from 25°N 
to 5°N (close to the CR) in the Arabian Sea has been  

reported17 to be constant or <20%. It is reported that the 
high smectite band (>40–50%) exist around 20°N in the 
Arabian Sea is due to dispersion of smectite by the Nar-
mada and Tapti rivers towards west by the westward and 
northward currents and oceanic circulation17, and that the 
smectite from the rivers is not transported towards south 
as revealed from the decrease in smectite content (<10%) 
along the South Indian margin17. Therefore, it is opined 
that smectite (10–20% on the flanks) in the CR sediments 
is derived from the Arabian Sea (similar to illite) and not 
from the Indian margin. However, presence of high smec-
tite (30–40%) in the axial valley further point towards an 
additional source, which appears remote due to the altera-
tion of volcanic basalts in the absence of volcanic or 
hydrothermal activity in the CR. Therefore, the source of 
smectite for the axial valley sediments is the most likely 
from the African soil, brought to the CR by the northerly-
bound equatorial currents, and the arid source19 is doubt-
ful due to low crystallinity of the smectite clay. 
 The observed increase in K content with depth in almost 
all the sediment cores from the axial valley and flank
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Figure 5 a–c. Profiles of carbonate, Mn, Fe, TOC and MS (χ) for SPC-02, GC-05 and GC-06 respectively. 
 

 
 

Figure 6. Profiles of Si content for axial valley and flank sediment cores. 
 

 
regions (Figure 9) suggests the larger detrital input for 
the deeper samples. Relatively high kaolinite (12–15% in 
the valley and 13–22% on flanks) is probably derived 
from the tropical soils of southern India and Africa–
Madagascar due to northerly-bound equatorial circulation 
currents from south of the CR, as suggested earlier17. 

 
 

Figure 7. Profiles of Al content for axial valley and flank sediment cores. 

Biogenic source 

TOC variation in the sediments (0.3–0.5%) is normal and 
within the range of deep-sea sediments. The flank sedi-
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ment cores were retrieved between 3700 and 4600 m water 
depths. The higher CaCO3 (47–76%) in the flank sediments 
suggests no effect of dissolution of CaCO3 and indicates 
deeper lysocline depth. The sediment cores from depth 
range 4300–4400 m in the axial valley have compara-
tively lower carbonates (17–58%), which shows an  
increase with depth (Figures 3 a–c) and supports deeper 
lysocline in the CR. The CR crest is known for high bio-
logical productivity and samples have high foraminiferal 
abundance. Higher carbonate content (>70%) in the flank 
sediments also indicates higher sedimentation rates in the 
area, and that high biological productivity and high sedi-
mentation rates are responsible for high carbonate flux in 
the CR area, which is also acting as a strong diluent on 
the other elemental phase, as observed earlier23. 

Volcanic source 

Magnetic fractions in sediments are normally derived 
from volcanic and terrigenous inputs, biogenic minerals and 
diagenetic alteration24. Absence of tephra material (vol-
canic) in sand-sized fractions of the CR sediments clearly 
indicates absence of volcanic activity in the area. Ab-
sence of distinct susceptibility peaks in the down-core 
 
 
 

 
 

Figure 8. Profiles of Mn/Al ratio for axial valley and flank sedi-
ments. 

profiles of all the sediment cores further suggests no vol-
canic or hydrothermal contribution from any nearby 
source. Both these indicators imply that the sediment 
source for the CR is non-volcanic. 

Hydrothermal signatures 

Enrichment of Mn is considered as one of the important 
hydrothermal signatures, as Mn could be incorporated  
either by diagenitic or hydrothermal source. Mn profiles 
for all the cores showed no significant enrichment in the 
top sediments (Figures 3 and 5), which behaved as nor-
mal pelagic sediments25. Sharp peaks of Mn observed at 
different depths in all the cores appeared to be typical of 
oxidation fronts in diagenetic system26–28 and suggest that 
higher Mn may not be due to hydrothermal input and that 
diagenetic processes play a key role. Although Mn varia-
tion was low to moderate (0.06–1%) for valley sediments, 
the overall range was up to 0.5% and spikes of 0.7 and 
1% were observed at a few depths (8–10, 50–52 and 56–
58 cm, Figure 3 c) in GC-04 core sediments. Although 
Mn ranged from very low to moderately high values for 
flank sediments (0.03–1.5%), the actual range remained 
up to 0.6%, leaving spikes of >1% at 38 to 42 cm depth in 
 
 
 

 
 
 
 

Figure 9. Profiles of K content for axial valley and flank sedi- 
ments. 
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Table 2. Sediment texture and major clay minerals from Carlsberg Ridge 

  Core Sediment Major type Decreasing abundance  
Location Sample no. depth (cm) type sediment of clay minerals 
 

Axial valley SK-114, SPC-1 0–20 Clayey-silt Clayey-silt 0–2: SIKC 
  20–26 Silty-clay  2–4: CIKS 
     4–8: ICKS 
     8–26: CIKS 
Axial valley SK-154, GC-03 0–44 Silty-clay Clayey-silt and 0–22: SICK 
  44–46 Clayey-silt Silty-clay 22–36: ICKS 
  45–80 Silty-clay  36–50: ICSK 
  80–82 Clayey-silt  50–100: ICKS 
  82–86 Silty-clay   
  86–88 Clayey-silt   
  88–94 Silty-clay   
  94–96 Clayey-silt   
  96–98 Silty-clay   
  98–100 Clayey-silt 
Axial valley SK-154, GC-04 0–2 Clayey-silt 0–38: Silty-clay  0–8: CISK 
  2–16 Silty-clay 38–62: Clayey-silt 8–28: CSIK 
  16–18 Clayey-silt 62–100: Silty-clay 28–62: SCIK 
  18–20 Silty-clay  62–100: ICSK 
  20–22 Clayey-silt   
  22–32 Silty-clay   
  32–34 Clayey-silt   
  34–38 Silty-clay   
  38–62 Clayey-silt   
  62–70 Silty-clay   
  70–72 Clayey-silt   
  72–90 Silty-clay   
  90–92 Clayey-silt   
  92–100 Silty-clay   
NW flank SK-114, SPC-2 0–32 Silty-clay Silty-clay 0–32: ICSK 

NW flank SK-154, GC-05 0–100 Silty-clay Silty-clay 0–100: ICKS 
SW flank SK-154, GC-06 0–56 Silty-clay Silty-clay 0-100: ICSK 
  56–58 Clayey-silt   
  58–60 No sample   
  60–100 Silty-clay   

S, Smectite; I, Illite; K, Kaolinite and C, chlorite. 
 

Table 3. Inter-element relationship of axial valley sediments 

 SPC-01; N = 8 GC-03; N = 35 GC-04; N = 38 
 

 Fe Mn TOC Fe Mn TOC MS Fe Mn TOC MS 
 

Depth 0.45 0.62 –0.43 –0.08 –0.22 0.29 0.69 0.72 0.01 0.16 –0.90 
Fe  0.95 0.47  0.23 –0.23 –0.25  0.26 0.02 0.75 
Mn    0.58   0.25 –0.65   0.04 0.05 
TOC   1.00    0.67    0.20 
 r = 0.67, CL = 95% r = 0.33, CL = 95% r = 0.32, CL = 95% 

r = Correlation coefficient; CL = Confidence level. 
 

GC-05 and 0.7% at 42–44 cm depth in GC-06 (Figure 5 b 
and c respectively). The ternary diagrams29 show that the 
field occupied by the CR plots is close to that of the Pa-
cific sediments (Figures 11 and 12) and strongly rule out 
the possibility of hydrothermal activity, which could be a 
possible cause for the Mn enrichment. 

Diagenetic signatures 

The CR sediments have dissimilar down-core MS profiles 
compared to Fe and Mn content (Figures 3 b, c and 5 b, 

c), and inverse relationship between TOC and CaCO3 
(Figures 3 a–c and 5 a–c) suggesting diagenetic influence. 
In the absence of hydrothermal input in the CR, the  
observed strong correlation of Fe and Mn in SPC-01 
(0.95, Table 3), or significant correlation in GC-05 (0.35, 
Table 4), and the sudden increase in Fe and Mn at 
~ 26 cm depth in SPC-01 (Figure 3 a), at 45 cm depth in 
GC-04 (Figure 3 c), and at 80 cm depth in GC-06 (Figure 
5 c) is possible due to strong diagenetic influence in the 
sediments. Most Mn peaks occurring at different depths 
in the CR sediments were sharp, which is typical of
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Table 4. Inter-element relationship of flank sediments 

  SPC-02; N = 10 GC-05; N = 39 GC-06; N = 39 
 

  Fe Mn TOC Fe Mn TOC MS Fe Mn TOC MS 
 

Depth 0.68 –0.25 –0.95 –0.89 –0.27 0.21 0.67 0.24 0.02 0.33 –0.91 
Fe  –0.19 –0.58  0.39 0.35 0.56  0.11 0.26 0.15 
Mn   0.18   –0.26 0.11   – 0.43 –0.03 
TOC   1.00    0.14    0.18 
  r = 0.58, CL = 95% r = 0.31, CL = 95% r = 0.32, CL = 95%. 

 
 

 
 

Figure 10. 230Th ex profile for GC-04 sediment core showing sedi-
mentation rate = 3.03 cm/kyr (excluding plot ~58 cm). Correlation  
(–0.6) is above the level of significance (0.55 for n = 11). 

 

 
 

Figure 11. Ternary diagram of Al, Fe and Mn for axial valley sedi-
ment cores (SPC-01, GC-03 and GC-04). EPR, East Pacific Rise. 
 
migration of oxidation front in a diagenetic system28. 
Changes in Mn concentration of the sediments containing 
little organic matter is possible due to penetration of oxy-
gen at depths30. The CR sediments contained a small 
quantity (< 0.6%) of TOC, and the down-core profiles for 
axial valley sediments showed an increase in Mn and  
decrease of TOC at about 15 cm depth in SPC-1 (Figure 
3 a), indicating consumption of oxygen due to diagenesis. 
Similar inverse relation for Mn and TOC of GC-03 was 
observed at ~ 40 cm depth (Figure 3 b), and ~ 10 and 26 cm 
depth of GC-04 (Figure 3 c). However, increase in TOC, 
Mn and Fe at ~ 45 cm depth of GC-04 (Figure 3 c) may 
reflect oscillation of oxic–anoxic boundary layer due to 
pulsed sedimentation. The down-core profiles for flank 

sediments also showed an inverse relation of TOC and 
Mn in the surface sediments of SPC-2 (Figure 5 a), and 
displayed lower TOC value (< 0.2%) for peak value of 
Mn (1.6%) at ~ 40 cm depth of GC-05 (Figure 5 b) and 
GC-06 (Figure 5 c). However, as observed for the axial 
valley, the increase in TOC, Mn and Fe at ~ 85 cm depth 
in GC-06 (Figure 5 c) for the flank sediments is due to 
non-diagenetic effects. 
 Possibility of winnowing of high U in samples repre-
senting jumps of TOC, Mn (Figures 3 a–c and 5 a–c) and 
sand (Figures 2 a–c and 4 a–c), particularly around 50 cm 
depth has been ruled out as 230Th depth profile (Figure 
10) showed no winnowing except for the one low 230Th 
excess at 55 cm depth. Therefore, high U in the analysed 
samples indicates diagenetic mobilization of U and that 
the internal sedimentary diagenesis has given rise to con-
sistent peaks at around 10, 25, 45, 60 and 80 cm depth. 

Conclusion 

Clay mineralogical, geochemical and U–Th isotopic stud-
ies of sediments from the CR showed that the major 
sediment sources are continental, biogenic and diagenetic. 
The illite-rich sediments had high accumulation rates 
(3 cm/kyr) and were typically characterized by low Mn, 
very low χ, moderate TOC and high carbonate content. 
Absence of Mn enrichment, very low MS and monoto-
nous down-core profile in all the cores rule out volcanic 

 
Figure 12. Ternary diagram of Al, Fe and Mn for sediment cores 
from flanks (SPC-02, GC-05 and GC-06). 
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or hydrothermal contribution in the sampling area. The 
230Th depth profile showed no winnowing, and internal 
sedimentary diagenesis appeared responsible for U  
enrichment and consistent peaks at different depths. 
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