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Abstract
Isotopic measurements of organic carbon (δ13Corg), carbonate

carbon (δ13Ccarb), and oxygen (δ18Ocarb) were made at low strati-
graphic resolution on samples from International Ocean Discovery
Program (IODP) Expedition 369, Hole U1515A (southeast Indian
Ocean). The δ13Corg values ranged from −30.2‰ to −21.0‰, with an
average of −24‰ ± 2‰, whereas δ13Ccarb values ranged from 0.5‰
to 1.4‰ with an average of 1.1‰ ± 0.3‰. Carbonate δ18Ocarb values
averaged 1.1‰ ± 0.8‰ and ranged from −0.3‰ to 2.4‰. Initial
plans were to use the δ13Ccarb and δ13Corg profiles to identify changes
in the carbon cycle at the site and to compare local patterns to
global records; however, poor core recovery and lack of solid age
control limited the number of suitable samples and precluded
meaningful interpretation of stratigraphic patterns.

Introduction
One of the main goals of Expedition 369 was to obtain sediment

records from the Naturaliste Plateau and Mentelle Basin off south-
western Australia to investigate climate and tectonic changes that
occurred in the region during the Cretaceous and Paleogene peri-
ods. Located in the eastern Mentelle Basin, Site U1515 was cored to
provide a regional record of the timing of tectonic rifting prior to
the separation of greater India and Antarctica and to compare east-
ern Mentelle Basin depocenters to those in the west (Site U1513), as
shown in Figure F1 (see the Site U1515 chapter [Huber et al.,
2019]). Site U1515 was the shallowest drilled during the expedition.

Only one hole was cored at Site U1515 (512.98 m core depth be-
low seafloor, Method A [CSF-A]). Recovery was low (18.1%), partic-

ularly in the middle portions of the hole (~137–267 m CSF-A), and
the absence of calcareous microfossils below Core 369-U1515A-
20R (190.7 m CSF-A) made age assignments difficult (see the Site

Figure F1. Map of the Mentelle Basin showing the location of Site U1515 (red
triangle, red text) on the northeastern margin. Other Expedition 369 sites
are also shown, particularly Site U1513 (black circle, bold text) on the west-
ern side of the basin. Figure modified from Huber et al. (2019).
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U1515 chapter [Huber et al., 2019]). Hole U1515A is divided into 
two lithostratigraphic units (see the Site U1515 chapter [Huber et 
al., 2019]). Unit I is calcareous ooze to chalk of Pleistocene to late 
Campanian age. Unit II is composed of interbedded black sand-
stone, claystone, and siltstone; because of poor recovery, the age of 
Unit II could not be conclusively established but may extend into 
the Middle Jurassic (Wainman et al., 2019). The depositional envi-
ronment for Unit II is thought to be fluvial-lacustrine in nature. 

For Hole U1515A, low-resolution measurements for both or-
ganic (δ13Corg) and carbonate (δ13Ccarb) carbon isotopes and carbon-
ate oxygen isotopes (δ18Ocarb) were determined. Carbon isotope 
profiles can be used to characterize several aspects of carbon 
sources and cycling (e.g., Broecker and Peng, 1982; Meyers, 1994, 
1997; Galimov, 2006, and references within). Carbon isotope pro-
files can also be used to correlate sedimentary sequences and iden-
tify geologic events between different locations, including oceanic 
anoxic events and mass extinctions, by comparing these profiles 
with known perturbations in the global carbon cycle (e.g., Corfield, 
1994; Tsikos et al., 2004; D’Hondt, 2005; Erbacher et al., 2005; Jen-
kyns, 2010, and references within; Hasegawa et al., 2013). Oxygen 
isotope profiles of carbonates serve as proxies for paleotemperature 
and salinity and have been used to identify changes in circulation 
patterns and climate trends (e.g., Urey, 1947; Emiliani, 1954; Shack-
leton, 1967; Rostek et al., 1993; Zachos et al., 2001).

Methods and materials
A total of 34 samples were analyzed for δ13Corg, δ13Ccarb, and 

δ18Ocarb. The samples were previously used for the shipboard mois-
ture and density analyses and were roughly 10 cm3 in size.

All analyses were performed in the geochemistry laboratories at 
the Boone Pickens School of Geology, Oklahoma State University
(USA). Samples were oven-dried at 60°C overnight, powdered using 
an agate mortar and pestle, and then dried again at 60°C overnight.

For δ13Corg, 20–50 mg of sample was weighed into silver cap-
sules, and then hydrochloric acid was added until all carbonate was 
dissolved. Samples were again dried in a 60°C oven. Then a small 
amount of vanadium pentoxide was added to enhance combustion. 
The silver capsule was folded and wrapped in a tin capsule. Samples 
were measured using a using a Costech elemental analyzer coupled 
to a Thermo Finnigan Delta Plus isotope ratio mass spectrometer 
(IRMS). The δ13Corg isotopic compositions are reported relative to 
Vienna Peedee belemnite (VPDB); Urea #1 (Indiana University) and 
USGS40 standards were used for two-point carbon isotope calibra-
tions (Coplen et al., 2006). Replicates of δ13Corg standards had a stan-
dard deviation (1σ) of 0.1‰; replicates for Site U1515 samples had a 
standard deviation of less than 0.2‰.

For δ13Ccarb and δ18Ocarb, 200–400 μg of sample was measured 
into 12 mL glass vials (Labco Exetainer) and sealed with butyl rub-
ber septa. The headspace was flushed for 800 s with helium to re-

move air. A 0.5 mL aliquot of 100% orthophosphoric acid (density = 
1.92 g/cm3) was injected to release CO2 from carbonate, and the 
sample was allowed to react for 2 h at room temperature. The CO2

was measured using a Thermo Finnigan Delta Plus IRMS with a 
GasBench II interface and PAL autosampler. A total of 15 subsam-
ples from the headspace were measured per sample, and the δ13Ccarb

and δ18Ocarb values were calculated by averaging the last 10 subsam-
ples. Carbonate isotopic values are reported relative to VPDB, and
NBS19 and an in-house carbonate mixture were used as standards. 
Standard deviation from the average for standards and samples was 
less than 0.2‰ for δ13Ccarb and less than 0.6‰ for δ18Ocarb. The high 
standard deviation for some of the δ18Ocarb measurements was likely 
the result of a small amount of residual air in the phosphoric acid.

Results
Values for δ13Corg, δ13Ccarb, and δ18Ocarb from Hole U1515A are 

given in Table T1 and shown in Figure F2. Shipboard evaluations of 
total organic carbon (TOC) and carbonate concentrations, natural 
gamma radiation (NGR), basic lithology, magnetostratigraphy, and 
estimated ages are also shown in Figure F2.

Organic carbon isotopic data
For δ13Corg, values ranged from −30.2‰ to −21.0‰. Two samples 

did not contain sufficient organic carbon to yield reliable measure-
ments. The profile with depth shows a slight decrease through Unit 
II from approximately −24‰ at the bottom of the hole to a mini-
mum of −30.2‰ at 127.94 m CSF-A (369-U1515A-15R-1, 14–16 
cm) and then a steady increase to the top of the hole. This pattern 
could reflect changes in the relative amount of terrestrial organic 
matter input over time, but the large gaps in the cored material and 
the low-resolution sampling make it difficult to interpret the record 
as a whole. Lack of solid age control also makes it difficult to com-
pare the Hole U1515A profile with other δ13Corg records.

Carbonate isotopic data
The δ13Ccarb and δ18Ocarb records extend only from the top of 

Hole U1515A to 127.94 m CSF-A. Samples from below 127.94 m 
CSF-A did not contain sufficient carbonate to produce reliable mea-
surements. This claim is consistent with shipboard measurements 
of carbonate concentrations and lack of calcareous microfossils at 
depth (see the Site U1515 chapter [Huber et al., 2019]). Carbon iso-
tope values ranged from 0.5‰ to 1.4‰, and δ18Ocarb values ranged 
from −0.3‰ to 2.4‰. Unlike the organic carbon measurements, 
neither the δ13Ccarb nor δ18Ocarb values show an obvious trend with 
depth, but the short interval, low resolution, and lack of solid age 
control for this profile make it difficult to interpret or compare with 
global records.

Table T1. Carbon data, Hole U1515A. This table is available in CSV format.
IODP Proceedings 2 Volume 369
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