Terra Antartica
2001, 8(3), 303-308

Results of Whole-Rock Organic Geochemical Analyses of the CRP-3
Drillcore, Victoria Land Basin, Antarctica

R.M. KETTLER

Department of Geosciences, University of Nebraska-Lincoln, Lincoln, NE 68588-0340 - USA (rkettlerl@unl.edu)

Receivedl8 January 200laccepted in revised forrhO July 2001

Abstract - Sediments and rocks recovered in CRP-3 coring operations conf[— = =

minute amounts of organic matter (average 0.3% TOC). TOC contents and b
ratios are zoned systematically: those rocks encountered at depths greatel

330 meters below sea floor (mbsf) contain less organic matter and have hi “_, f:f:m;c
TOC:N ratios (after correcting for inorganic N) than do shallower rocks. The o WASSL IcE
two samples that have TOC values greater than 1% also contain abundant gr SHEFF)
to silt-sized particles of coal. The total sulphur contents of these rocks is very e

and indicates either that only small amounts of deposited organic matter \

labile, or that no source of reactive iron was present during diagenesis.

INTRODUCTION the subunits were not sampled. The unsampled
subunits included LSUs 16.1-18.1 (Fig. 2) which are
The Oligocene and Eocene(?) rocks penetrated bpparently Devonian and outside the scope of the
the CRP-3 core (Fig. 1) were deposited irCape Roberts Project, as well as the subunits defined
environments that included terrestrial fluvial systemsn the dolerite conglomerate and related lithologies
deltaic systems with iceberg influences, and clegresent from 789.77-823.11 mbsf (Fig. 2). These
glacial-marine settings. (Cape Roberts Science Teamatter lithologies are unlikely to contain significant
2000; p. 187-197). These different depositionaamounts of organic matter. LSU 10.1 was not
environments could lead to differences in the amourgampled and consists of a mudstone similar to that
type, and provenance of organic matter preservédund in LSU 3.1 and LSU 8.1 (Fig. 2). The samples
within the rocks. Analysis of organic matter present iwere shipped unfrozen to Lincoln, Nebraska. After
the CRP-3 core was undertaken as part of the initiafrival in Lincoln the samples were dried at 35°C for
core characterisation effort. Owing to the smalR4 hours and ground and homogenised using an
amounts of organic matter in these rocks, this effoAngstrom mill. All glassware and equipment used in
was limited to whole-rock measurements of totaséample preparation was washed in Micro solution and
organic carbon, total nitrogen and total sulfur. The
principal objective of this work is to provide
information on the organic matter preserved in thes
sediments and rocks. This information can be used | “ «
determine whether more detailed studies might kl-
fruitful and to make some conclusions regarding th
source and composition of organic matter preserved
these sediments and rocks.
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Eighteen major lithostratigraphical units consisting sound

of 37 lithostratigraphical subunits (LSUs) were
described by the Cape Roberts Science Team (20(
p. 59-68) (Fig. 2). Seventy one samples (Tab.
representative of the major lithologies penetrated b};{ 1 - Map of the south west corner of the Ross Sea, showing
the CRP-3 hole were collected @t1l m intervals by ine jocations of the CRP-1, CRP-2/2a, and CRP-3 drill sites (Taken
the CRP curatorial staff at McMurdo Station. Eight ofrom Cape Roberts Science Team, 2000).
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Fig. 2 - Comparison of &lues ofTOC, TN, TS andTOC:TN with the lithology of CRP-3 core (Cape Roberts Scierezm, 2000; p. 7).

rinsed in purifed water This cleaning ws folloved Hedges & Stern (1984) he results of these analyses
by sequential rinses with 1%yHtrochloric acid, are presented in table 1.
methanol, and dichloromethane.

Measurements of total ganic carbon (DC), total
carbon (TC), total nitrogen (TN), and total sulphur RESULTS AND DISCUSSION
(TS) were made on whole-rock samples using the
Carlo Erba-EA 1108 at the Urersity of Nebraska. The sediments and rocks penetrated by the CRP-3
Total omganic carbon \was measured using thewe drill hole contain ery little olganic matter: therOC
temperature apour acidiication technique outlined by values measuredvarage 0.3% @h 1). Most of these
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Tab. 1 - Organic geochemical data for samples obtained from CRP-3.
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Depth (mbsf)  LSU %TN %TC %TOC %TS  TOC/TN TOC/TON
8.13-8.15 1.1 0.027#0.006 0.49+0.01  0.53%0.02  0.24+0.03 20 31
19.17-19.19 1.2  0.022#¢0.007 0.38#0.01  0.41+0.03  0.06+0.03 19 34
20.96-29.98 1.2  0.0260.007 0.42+0.01  0.43:0.03  0.08+0.04 17 27
40.24-4026 1.2 0.023:0.007 0.35:0.01  0.37+0.03  0.07+0.03 16 28
50.00-50.02 1.2  0.031#0.006 0.41#0.01  0.480.03  0.22+0.03 15 23
60.07-60.09 1.3  0.027+0.006 0.61+0.01  0.47+0.03  0.18+0.04 17 28
69.71-69.73 1.3 n.g. 0.32¢0.01  0.35:0.03  0.05:0.03 2? 2?2
80.57-50.59 1.4  0.031+0.007 0.64+0.02  0.53+0.03  0.16+0.05 17 31
87.63-87.65 2.1  0.020£0.007 0.484:0.009 0.2840.03  0.05:0.03 14 100
98.14-98.16 2.2  0.018+0.006 0.256+0.007 0.30+0.03  0.37+0.02 17 38
109.87-109.89 2.2  0.024+0.007 0.627+0.009  0.42+0.03  0.08+0.03 18 30
119.70-119.72 2.2  0.026+0.006 0.492+0.008  0.41+0.03  0.19+0.02 16 26
130.18-130.20 3.1  0.028+0.006  0.47+0.01  0.52+0.03  0.16+0.03 19 29
139.68-139.70 3.1  0.024+0.006 0.392+0.008  0.44+0.03  0.13+0.02 18 31
150.11-150.13 4.1  0.013+0.006 0.064+0.008  0.10+0.03  0.04+0.02 8 33
159.78-159.80 5.1  0.027+0.006  1.57+0.01  0.74%0.03 n.g. 27 44
171.17-171.19 5.2  0.018+0.006 0.243+0.009  0.2620.03 n.g. 14 32
180.05-180.07 5.3  0.023+0.006 0.821+0.008  0.49+0.03  0.05:0.02 21 38
190.91-190.93 6.1  0.026+0.007 0.532+0.008 0.51+0.03  0.1620.02 20 32
201.41-201.43 6.1  0.021:0.006 0.414+0.006  0.43+0.03 n.g. 20 39
210.45-210.47 7.1  0.024:0.006 0.450:0.009  0.49:0.03  0.06+0.03 20 35
220.66-220.68 7.2  0.013+0.006 0.087+0.005 0.13+0.03  0.08+0.06 10 43
259.10-259.12 7.2  0.027+0.006 0.54#0.01  0.55:0.03  0.06+0.03 20 32
265.21-265.23 7.3  0.032¢0.007 1.087+0.009  0.79+0.03  0.05:0.03 25 36
268.02-268.04 7.3  0.028+0.006 1.140+0.005  0.76+0.03 n.g. 27 42
277.74-277.76 7.4  0.020:0.006 0.368+0.008  0.42+0.02  0.06+0.02 21 42
286.77-286.79 7.4  0.030:0.006 0.568+0.008 0.60+0.03  1.83+0.02 20 30
296.07-296.09 7.5  0.015+0.007 0.126+0.005  0.17+0.03 n.g. 11 34
307.17-307.19 8.1  0.018+0.006 0.500+0.008  0.43:0.02  0.15:0.02 24 54
320.54-320.56 8.1  0.025:0.006 0.532+0.006  0.57+0.02 n.g. 23 38
332.52-332.54 9.1  0.019+0.006 0.908+0.006 0.78+0.03  0.09:0.02 41 87
351.43-351.45 9.1  0.018#0.006 0.21#0.01  0.25:0.03  0.42+0.04 14 31
360.29-360.31 9.1  0.035:0.006 1.371+0.007 1.16+0.03  0.30£0.02 33 46
372.60-372.62 9.1  0.013+0.006 1.155+0.006  0.18+0.03 n.g. 14 60
395.45-395.47 9.1  0.013t0.006 0.08+0.01  0.08+0.03  0.09:+0.01 6 27
405.75-405.77 9.1  0.018+0.006 0.766:0.008 0.610.03  0.33%0.02 34 76
41558-415.60 11.1 0.014+0.007 0.37¢+0.01  0.08+0.03  0.16+0.05 6 20
426.16-426.18 11.1 0.012+0.006 0.061:0.007  0.070.02  0.06+0.02 6 35
436.20-436.22 11.1 0.017#0.006 0.39£0.01  0.37+0.03 n.g. 22 53
446.20-446.22 121 0.013#0.006 0.530:0.005 0.08+0.03  0.23%0.02 6 27
456.97-456.99 12.1 0.013+0.006 0.57+0.01  0.10+0.03  0.08+0.05 8 33
466.71-466.73 123  0.020£0.006 0.956:0.007  0.860.02  0.11+0.02 43 86
476.69-476.71 12.3 0.014+0.006 0.154+0.006  0.08+0.03 n.g. 6 20
486.32-486.34 123  0.012+0.006 0.491:0.007 0.08£0.02  0.07%0.02 7 40
496.07-496.08 12.3  0.012+0.006 0.100+0.005  0.12+0.02 n.g. 10 60
506.75-506.77 12.3  0.012#0.006 0.051+0.007  0.07+0.03  0.13%0.02 6 35
516.46-516.46 12.3 0.012#0.006 0.51#0.01  0.07+0.02 n.g. 6 35
527.06-527.08 12.3 n.g. 0.250+0.007 n.g. n.g. 2? 27
536.69-536.71 12.3  0.014#0.007 2.573+0.007  0.42+0.03 n.g. 30 105
546.97-546.99 12.4 0.013+0.006 0.12+0.01  0.08+0.03 n.g. 6 27
557.11-557.13 12.4  0.014%0.007 0.290+0.006  0.08+0.03 n.g. 6 20
566.01-566.03 12.5 0.014#0.007 0.10+0.01  0.08#0.03  0.29+0.05 6 20
576.06-576.08 12.5 0.015:0.007 0.529+0.007  0.08+0.03  0.04+0.02 5 16
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Depth (mbsf)  LSU %TN %TC %TOC %TS TOC/TN TOC/TON
585.45-585.47 12.6 0.013+0.006  0.43+0.01 0.07+0.03 n.g. 5 23
596.67-596.69 12.6  0.014+0.007 0.458+0.007  0.12+0.03 0.03+0.02 9 30
607.76-607.78 12.7  0.015+0.007 0.212+0.005 0.07+0.03 n.q. 5 14
618.49-618.51 13.1 0.012+0.006 0.463+0.006  0.08+0.02 n.qg. 7 40
628.19-628.21 13.1 0.045+0.006 2.867+0.006  2.75+0.03 0.15+0.02 61 78
637.62-637.64 13.1 0.013+0.006 0.084+0.007  0.08+0.03 n.qg. 6 27
647.84-647.86 13.1 0.011+0.005 0.036+0.008  0.07+0.02 0.03+0.02 6 70
657.10-657.12 13.1  0.013+0.006 0.059+0.007  0.10+0.03 n.qg. 8 33
666.70-666.72 13.1  0.018+0.007 0.451+0.009  0.50+0.03 0.11+0.03 28 62
678.36-678.38 13.1 0.013+0.006 0.909+0.005  0.24+0.03 n.q. 18 80
692.36-692.38 13.1  0.014+0.007 0.045+0.008  0.08+0.03 0.04+0.02 6 20
703.42-703.44 13.1 0.014+0.006 0.056+0.007  0.09+0.03 n.g. 6 22
713.08-713.10 13.1  0.014+0.007 0.056+0.008  0.08+0.03 0.04+0.02 6 20
724.10-724.12 13.1  0.014+0.006 0.036+0.006  0.07+0.03 n.qg. 5 18
733.48-733.50 13.1 0.016+0.007 0.10+0.01 0.10+0.03 0.05+0.03 6 17
766.75-766.77 13.1 0.017+0.006  0.50+0.01 0.51+0.03 n.q. 30 73
777.89-777.91 13.2 0.012+0.006 0.189+0.005  0.12+0.02 n.q. 10 60
781.68-781.70 13.2 0.014+0.006 0.186+0.008 0.11+0.03 0.03+0.02 8 28

Notes: n.qg.-not quantéd (concentrationxzeeded limit of detectionub cannot be shwen to be greater than zero). Errors listed
represent one standardvdsion.

samples do not contain sigmfnt amounts of in CRP-3 than the similar relationship described for
carbonate carbon: only 16 of these sample® latal CRP-2/2A (Kettler and Bpastaros, 2000) Although
carbon (TC) walues that xceed theTOC contents by it was possible to identify condensed sections in the
an amount greater than the combined erroeh (T). CRP-2/2A core using the diatom whdance data
The TOC content of these rocks changes abtwcollected by members of the Cape Roberts Science
scales. 1) Samples of Early Oligocene rock¥eam (kettler and Bpastaros, 2000), microfossils are
encountered at depths more shallthan 330 mbsf almost completely absent from much of the CRP-3
contain more aganic carbon than do samplescore.The interpretation that highdrOC values in
obtained from older rocksihe arerageTOC values rocks assigned to a HST correspond to periods of
for rocks aboe 330 mbsf is 0.46% whereas theelative clastic sediment station remains, hoever.
deeper rocks hva arerageTOC \alues of 0.26%The This relationship is not obseed in the deeper
TOC walues of the samples obtained at depthsvaboportions of the hole (Fig. 2).

330 mbsf are comparable to those measured in The TOC:TN ratios measured in these rocks are
samples obtained from the Oligocene sectiohigh and range from 5 to 6TOC:TN ratios must be
penetrated by CRP-2/2A (Fig. 3)his zoning is also interpreted with caution in rocks that contaiery
evident in Fig. 2 and can be recognized by the lolittle organic carbon.Typically the caution is
and uniformTOC values belar 330 mbsf: only 3 of warranted because irganic nitrogen will become an
the 30 shallew samples hae TOC values that are less important contribitor whenTOC \alues are &ry low
than 0.2%, whereas 30 of the 41 deep samplegs hgStein, 1991). Inoganic nitrogen is apparently a
TOC values that are less than 0.2%. At)depths significant contritutor to the N lbidget of maw
more shallev than 330 mbsf, rocks assigned tesamples from the CRP-3 corEhe relatvely coarse-
highstand systems tracts contain morgaaic carbon grained rocks in the deep samplesud be e&pected
than other rocksThe Cape Roberts Sciendeam to contain little aquatic ganic matteryet 24 of the
described 23 sequences in the top 483 m of the CRPLt samples obtained from depths greater than
3 core andihe-grained rocks were assigned to th830 mbsf hae TOC/TN values less than 10fhe
highstand systems tract (HST) (Cape Roberts Scient®C/TN \walues can be corrected for contrions by
Team, 2000; p. 69). Lithostratigraphical Swlits inorganic nitrogen by mgressing therN values on the
assigned to HSTs included LSUs 1.3, 3.1, 5.1 andOC data (Leenthal, pers. comm.Although the
8.1. Each of these ha®OC values that are slightly shallov and deep samples plot alongatwlifferent
greater than those found in adjacent rockab(Tl; trends inTN vs TOC space (Fig. 4), both yiel@N

Fig. 2). This relationship is much less wellvidoped values ofc. 0.01% when aganic carbon is absent.
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30 628.21 need not bevalence of a freshater
depositional evironment.
] [] CRP-3 Depih»330 mosf There are a f& samples that lva TS:TOC ratios
N [] CRP-3 Depth<330 mbsf that exceed 1 and wuld be considered to be
] [N CRP-2 Deep (Oligocene) anomalous (Fig. 5). Only one sample (CRP-3-286.77-
B 286.79) has &S:TOC ratio that is clearly indicat
u of epigenetic addition of sulphur (kenthal, 1995)
— and that sample also containyrpe veinlets.
Although six other samples W@ TS:TOC ratios that
L exceed unity (Fig. 5) it is unliédy that these samples
| have experienced epigenetic addition of sulfux
number of these samples occur near the tops of
|| stratigraphic sequences in rocks that were assigned to
] the HST Others occur at the tops of small groups of
— samples in which th@S content increases upwds
(Fig. 2). Relating these latter higfs:TOC ratios to
0 I [ positions within the sequences isfidifilt because the
0 05 10 15 20 25 3 Cape Roberts Scienckeam was not able to déafe
TOC (wt's) sequences in this portion of the core during the initial
o s o _ 10 alues in CRP-3 s obia dcore descriptionWhy shouldTS:TOC ratios be
oo 8 vt b e s v Siaais related to stratigraphic position?he 10ps of
section in CRP-2/2A. stratigraphic sequences were apparently marky
decreased rates of clastic sedimentation and greater
relative inputs of biogenous materi@dquatic oganic
matter would hare been &r a better substrate than
detrital coal for sulite-reducing bacterialthough
Ratios of TOC:TON (total oganic nitrogen) can then the ratio of aquatic ganic matter to coal detritus
be calculated assuming a constant ganic N \alue delivered to the sedimentould have been maximized
of 0.01% (Bh 1). Whereas the\erageTOC/TN and quring integlacial episodes (HST), this ratio -as
TOC/TON values for the deep samples are 14 and 4gaflected byTOC:TN ratios orTOC values- would
respectiely, they are 18 and 36, respealy, for the ot necessarily be prese. The aquatic aganic
shallov samplesAlthough the highTOC:TN and matter could be almost completely mineralized during
TOC/TON ratios obtained in this ork should be early diagenesis whereas the refractory coal detritus
interpreted cautious|ytwo mutually consistent would remain.
interpretations are possible. 1) ganic matter The sulphur data are also important because of
produced in the ater column eperienced etensive  gyggestions that modiolid mussels found in sub units
remineralization and only the most resistant fractiop 1 and 13.1 are indicate of peculiar bottom
of the aquatic aganic matter vas presered. 2)A  conditions that might be characterized by siigaifit
significant fraction of the preseed oganic matter p ,S production (Cape Roberts Sciefi@am, 2000; p.

comprises detrital coallhe second interpretation is 169 170).The TS:TOC ratios obsered in these
confirmed easily by visual inspection of the samples:
the sample (CRP-3-628.19-628.21) that has the
highestTOC value (2.75%) also contains @aidant
granule-sized (2-4 mm) clasts of coal. 0.05 T T
Interpretation of the S data is complicated by the °
very lov TOC values of these rock¥/hen plotted in 0.04 |
TS vsTOC space (Fig. 5), the CRP-3 samples plot [ o
around the “normal marine” trend and include a 003 | e
number of samples withery low TS:TOC ratios. Ee ¢
Although \ery low TS:TOC ratios are considered = g [ o
evidence that sediments were deposited in freatemw I
(Berner and Raiswell, 1984), that conclusion is not 0.01 " ®  Shallow Samples
appropriate for these samples forotweasons. 1) T ©  Deep Samples
TS:TOC ratios discriminate between marine and

25 1

8]
=]
1

-
=
|
I

—
o
|
I

Number of Samples

o
1

000'....|....l....l....l....l....

freshwater sedimentary rocks poorly when th@C 00 05 10 15 20 95 30
values of are less than 1% (Berner and Raiswell, .
1984). 2)The oganic matter deposited at the CRP-3 %TOC

site comprises a mixture of aquaticganic matter 4 - Plot of TN versusTOC for CRP-3 samples. Lines are the

and coal. Because coal is resistant to bame”%ﬁult of least squaresgmssions of the shaiko(depth<330 mbsf)
degradation, the v TS:TOC ratio of CRP-3-628.19- and deep (depth>330 mbsf) samples.
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CONCLUSIONS

The sedimentary rocks reeered by the CRP-3
core contain small amounts of ganic matter
Although the Oligocene section ab® 330 mbsf
contains amounts of ganic matter similar to the
"7 Oligocene section in the CRP-2/2A core, most of the
) samples obtained from b&lo330 mbsf contain less
than 0.2%TOC. Interpretation ofOC:TN ratios is
difficult in rocks that hee such law TOC values.The

Total Sulphur (wt%)

o Y TOC:TN ratios do increase with increasiigpC
| ‘h': 3 ¢ | Vvalues.This relationship is\@dence that inazanic N
00 £ : ; > — contritutes signifcantly to TN values in samples that

contain little TOC, and that much of the presedv
Total Organic Carbon (wi%) organic matter in these rocks comprises detrital coal.
Fig. 5 - Plot of TS versusTOC for CRP-3 samples with “normal The TS:TOC ratios are consistent with a marine
marine” trends and unifS:TOC ratio shen for reference. system in which much of the depositedganic
carbon vas refractoryThere is @idence in one
sample of epigenetic addition of sulfur (confed by
the presence ofypite veinlets).Although six other
samples hae TS:TOC ratios that xceed unity it is
likely that these elated TS:TOC ratios result from
subunits (Tab. 1) do not support such anpear complete consumption of aquatigaric matter
interpretation.The TS:TOC ratio in sample 8.13-8.15 by sulfate reducing bacteridhe sulphur data do not
is 0.45; a wlue that is wholly compatible with normalsupport the Wpothesis that the depositional

marine rocks containing less than I@C. Although  enjironments of LSUs 1.1 and 13.1 wereSHich.
S is detectable in LSU 13.1, 11 of the 12 samples

from this sub-unit hee less than 0.1% S and 8vka
TOC values less than 0.1%. &n the three samples

that hare TOC values greater than 0.5%\Veavery AcKNOWLEDGEMENTS -The Cape Roberts Projects/

low sulphur contentsA conventional interpretation of a4e possible by the resources and close collaboration of
these data is thatevy little labile oganic matter \8S  he Antarctic programmes of Italy)New Zealand, United
deposited with these sediments and, therefoeey v giates ofamerica, Germay Australia, and Great Britain,
little H,S was produced. It is unléty, therefore, that ity field operations @anised byAntarctica Nev Zealand.

the modiolid mussel communities reflect agSHich  rajiews byA. Bruker-Wein, M.G. Laird, J.A. Leenthal,
ervironment unless t_he samples _obtained in th_is st_ucct,y,d PA. Meyers impraoed this manuscriptThe author is

are not representat of the sedimentary section ing atefy| for the opportunity to participate in the Cape

which the mussels occur or the iron in the sedimeni&perts ProjectThis work was supported by NSF grant
was resistant to sudfation. o OPP-9527070.

These rocks probably contain little seht-soluble
organic matter: the ery lov TOC values require that
little solvent soluble aganic matter be present. It is
unlikely that Rock-Ewal pyrolysis of these or other
CRP-3 samples auld yield useful data becauseBerner RA. & Raiswell R. 1984. C/S method for distinguishiong
Rock-Ewal pyrolysis data areery difficult to interpret freshwater fron marine sedimentary rockseolayy, 12, 365-

368.
W.hen the samples analyzedveaery lov TOC and Cape Roberts Scienceeam, 2000. Initial report on CRP-Berra
bitumen contents (Peters, 1986)._ Molecular antartica 7, 1-209.
characterisation of soént-soluble oganic matter Hedges J.I. & Stern J.H., 1984. Carbon and nitrogen determinations
would also be unligly to yield \aluable information. of carbonate-containing solidsimnology and Oceangraphy,
: : . o 29, 657-663.
Previous e(tracyon of rocks with Slml.larly b TOC Kettler R.M., 1998. Preliminary results of bitumen aretdgen
Val_ues has yielded masses of bitumen that are analyses of the CRP-1 cofferra Antartica, 5, 669-672.
typically less than 0.001 g @ftler, 1998; Kettler and Kettler R.M. & Rapastsros E. 2000. Preliminary results of bitumen
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