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Abstract - Bulk chemistry (major and trace elements) of sand-sized samples from the
CRP-212A drillhole provides evidence for a multico~nponentprovenance with changes in
the component proportions throughout the sedimentary succession. Geoche~nicaldata
evaluated in terms of element association and distribution and by means of cluster analysis
reveal a provenance dominated by the granitoid basement with a significant contribution
of MVG debris above - 3 10 mbsf. Chemical fingerprints of both basic and evolved MVG
materials are recognized at different depths. Below - 310 mbsf the influence of Beacon
sandstones becomes more marked, but there is geochemical evidence for influxes of
detritus derived from Jurassic Ferrar Dolerites and Kirkpatrick basalt lavas.

INTRODUCTION

RESULTS AND DISCUSSION

This paper presents the results of major and trace
element analyses performed on fine to coarse sandstones
from the CRP-2/2A drillhole.
Previous studies on CIROS-1 and CRP-1 core samples
(Barrett et al., 1989; Roser and Pyne, 1989; Armienti et al.,
1998; Smellie, 1998; and others) suggest that the main
sources for the recovered sequences are granites and
metamorphic rocks of the upper Cambrian and lower
Palaeozoic crystalline basement, quartzose or quartzosefeldspathic strata of the upper Palaeozoic and Mesozoic
Beacon Supergroup, Jurassic Ferrar Dolerites, and basanites
and trachybasalts to trachytes of the McMurdo Volcanic
Group. The main objective of the present paper is to
discriminate by geochemical criteria the proportion of the
contribution of each source throughout the sedimentary
succession, to provide useful information for understanding
the erosionalhistory andits climatic and tectonic significance.

Major and minor element analyses of CRP-2/2A samples
are given in tables 1,2 and in figures 1,2.The data plotted in
the figures are normalised to 10070L.O.1.-free.

SAMPLES AND PROCESSING
Analyses were performed on 93 sand-grained samples
scattered throughout the drillhole from 8.50 to 615.65
mbsf, with a mean distribution of one sample every 5 m. A
few intervals of the core, 18-30 m thick, were not sampled.
Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P and Cr, Ba, La, Ce,
V, Zr, Y,Sr, Rb, Ni were determined by X-ray fluorescence
spectrometry (XRF) on pressed, boric-acid backed pellets
of bulk rock. Data reduction was achieved using the
method described by Franzini et al. (1975). Certified
reference materials were used as monitors of data quality.
Analytical errors were below 1% for Si, Al, Na; below 3%
for Ti, K, Fe, Ca; and below 10%for Mg, Mn, P and trace
elements. All samples were washed repeatedly in deionized
water prior to analysis to avoid contamination resulting
from drilling mud and seawater.

DEPTH PROFILES

-

-

Concentrations of SiO, vary from 55 to 90 wt%.
Values for the Miocene samples are in the range of data
obtainedfor coeval sandstones of the CRP- 1core (Armienti
et al., 1998). The depth profile of SiO, (Fig. 1) exhibits a
clear increase of the element below about 280 mbsf, with
a maximum at the drillhole bottom. This pattern conelates
with a downward increase of the quartz grain content
suggested by Smellie (this volume) on the basis of sandgrain detrital modes. Comparison of the stratigraphic
profiles for several other elements (Fig. 1) reveals a SiO,
"dilution" effect on the geochemical trends of the
CRP-2/2A sediments, which is supported by strong negative
correlations between SiO, and most elements (r varying
from -0.65 for Na,0 to -0.90 for Ba). The marked increase
of the SiO, contents can be related to an increased
contribution from the Beacon Supergroup.
The CrIZr ratios fluctuate widely through the section
(Fig. 2). However, the CrIZr curve shows a clear shift
towards lower values above approximately 300 mbsf,
close to those determined by Armienti et al. (1998) for
some CRP-1 glass shards. Fragments with similar
composition are common in the upper half of the
CRP-2/2A core (Armienti, pers. communication). For this
reason, this shift is interpreted as indicative of significant
presence of material from the McMurdo Volcanic Group
at depths above 300 mbsf. However, we do not exclude an
additional contribution of basement materials with a very
low CrIZr ratio (0.07; Roser & Pyne, 1989).
The A10,/Ti02 ratios (Fig. 2) define a downward
increasing trend withmost values above 300 mbsf between

Tab. 1-Major element concentrations (W%) of'CRP-2/2A samples. L.O.I.= loss 011 ignition. Data listed are normalised
to 100% (hydrous basis).
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Fig. 1 - Depth profiles of SiO,. Cr, Ni, and Zr in CRP-2/2A samples

5 and 15. These values are quite similar to the average
ratios of MVG rocks (A120JTi02= 3.6 and 11.0 for basic
andintermediateMVG, respectively; Roser& Pyne, 1989),
which supports the above suggestion. However, A120,/
Ti02 values peak repeatedly in this interval, indicating
additional sources. Higher values could be produced by
basement detritus with A 1 2 0 / T i 0 2= 22.4 (Roser &
Pyne, 1989). Below 300 mbsf, the A1203/Ti02ratios
fluctuate around 25, consistent with a predominantly
Beacon source (A120/Ti02 = 23.7; Roser & Pyne,
1989). Some negative peaks probably indicate a
persistence of volcanic detritus.

WEATHERING INDICES

To obtain a quantitative assessment of the degree of
weathering of the source materials for the CRP-2/2A
sediments, we used molecular proportions of A120,versus
the labile oxides in the analysed samples. Values of the
Chemical Index of Alteration [CIA = A12031 (A120, +
Na20+ K 2 0+ CaO*)]X 100 (Nesbitt & Young, 1982) and
Chemical Index of Weathering [CIW = A 1 0 / ( A 1 0 +
N a 0 + CaO*)]X 100 (Harnois, 1988) are moderate to low
(CIA from 32 to 53; CIW from 34 to 59; Tab. 2). These
values are similar to those obtained for CRP-1 sediments
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Fig.2 - Depth profiles of CIA, RbISr, Al01Ti0,. and CrIZr in CRP-2/2A samples.

(Bellancaet al., 1998; Krissek and Kyle, 1998) and indicate
little chemical weathering of the source materials for the
CRP-2/2A sediments, reflecting prevailing physical
weathering associated with glacial climate. Two negative
spikes in the CIA curve at 270.94 and 4 16.96 mbsf (Fig. 2)
correspond to CaC03-bearing samples. No correction is
made for carbonate content in calculating the chemical
indices of alteration. Based on XRD analyses, with two
above exceptions, carbonate is assumed to contribute little
or n o CaO to the bulk samples. The CIA signal is quite
constant through the upper 180 m, but is more variable
from about 400 m to the bottom. An interval of slightly

higher CIA values is evident between 210 and 270 mbsf.
A significant input of material subjected to more intense
chemical weathering might be responsible for the CIA
increase, but increased influx of basement material (with
CIA = 48.7; Krissek and Kyle, 1998) could also explain
this shift. A comparison of the chemical logs in figures 1
and 2 shows a coincidence of high CIA with low A1203/
Ti02, high Zr and low CrIZr, with values quite similar to
those of evolved McMurdo Volcanic Group rocks. This
could indicate a significant influx of chemically altered
volcanic detritus in this interval. Because CIA values from
sand-sized sediments are relatively prone to scatter due to

/Â¥'(P -'?-Dcndrogi'a111produced by cluster analysis. Dashed line represents

Ihc linkage distance uscd to discriminate the five clusters.

variations in provenance, comparison with data from
mudstone samples would be useful to unravel weathering
signals.
CLUSTER ANALYSIS

The multidimensional geochemical data set has been
analysed by cluster analysis to simplify the complex
geochemical system in a dimensioned variable space that

pcnnit us to follow theevolutionof thedominant inl'liience
of the different sources throughout the core C R P ? / % A .
AI l the gcochemical data were previous1y norniiil isivl.
Then, five clusters of samples were identified usiiij: ii
normalised Kuclidean distance methodology. Tin.-choice
of the number of clusters is related to the (lilTeirnt
gcochemical fcatiires of the source terrains for tlie studied
area as defined by Roses and Pyne (1989). T h e cliemiml
fingerprint of Beacon Supergroup overlaps with tliiit oftlie
Lashly Formation.
'lie dcndrogram produced by the cluster i~n;ilysisis
shown in figure 3. The dashed line in the graph represents
the linkage distance used to discriminate the five clusters.
In figure 4 we report the concentrations of t h e difTen.-nt
elements for each cluster. The highest values o f Si a n d {lie
lowest values of the elements indicate that cluster 2
represents sediments strongly dominated by detritus
derived from the Beacon Supergroup. High values o f Si
and low contents of the other elements in cluster l ,
coupled with V, Ss, and Zr consistently higher than in
cluster 2, suggest that cluster 1 groups sediments which
received asubstantial detrital inputfromBeacon sandstones
together with materials from different sources. V, Sr, and
Zr could be related to volcanic materials chemically
similar to MVG rocks. However, a moderate correlation
between V and Zr (S = 0.51) could indicate that the two
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Fig. 4 - Variability of geochemical elements in sample clusters.
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Cluster 3 ;ilso shows highest K. Al. iinci R12 values and
ahunciani Ba. which may he due to a significant content of
I'cldspars from the basement.
Cluster 5 shows unclear characteristics. A possible
interpretation is that this cluster groups sediments that
received contributions from the basement and volcanic
materials, diluted by Beacon-derived detritus.
In lig~irc5we show the sequenceof the samplecl~~sters
compared to the original lithologic column. In the lower
part of the core, below 3 10 mhsf. a strong influence of the
Beacon Supergroup can be recognized. Detritus derived
from the basement is distributed throughout the core, but
its chemical fingerprint is more evident in the upper part.
The influence of materials derived from the Ferrai-dolerites
is not unequivocally identified, although some data can be
interpreted as indicative of the incidence of Fessar detritus
in cluster 1 . This is reasonably due to the intermediate
chemical composition of this source, at least for the
elements determined, McMurdo Volcanic debris becomes
significant in the upper part of the core (above - 3 10 mbsf)
but the influence of volcanic materials with a similar
chemistry is recorded in the lower part of the CRP-2/2A by
the incidence of cluster l . However, it must be considered
that the onset of MVG activity in the McMurdo Sound
region is traced at 18-20 Ma (Kyle & Muncy, 1989;
Niessen & Jarrard, 1998) although George (1989) found
debris of similar composition near the base of CIROS-1
sequence (Eocene? Hannah, 1997). An explanation for the
incidence of volcanic materials in cluster 1 may be the
presence of detritus derived from outcrops of Kirkpatrick
basalt lavas whose chemistry (e.g., high Ti; Armienti,
unpublished data) could mask the signal of Ferrar dolesite
detritus. Fragments derived from a Kirkpatrick basalt
source were recognized by Smellie (this volume) below
3 10 mbsf in CRP-2/2A sediments.

CONCLUSIONS
Se~uenceof sample clusters compared to the litholosic
- column.
1 = high proportion of Beacon with additional volcanic materials
including Ferrar dolerites: 2 = provenance dominated by Beacon
Supergroup: 3 = significant influxes of basement materials and MVG
evolveddebris: 4=provenancedominated by MVG debris with additional
basement materials; 5 =basement detritus and volcanic materials diluted
by Beacon Supergroup.

elements do not have a single source. Because high contents
of V are typical of Fen'ar dolerites, F e m r could be an
additional source of this element in sediments of cluster 1.
The lowest Si values, highest contents of Ti, V, CS,Zr, Ba,
Ss, Ni and high K, Al, and Rb indicate a clear relation between
cluster 4 and the McMurdo Volcanic debris. In contrast to
good correlationsbetween Cr, V, andNi, zirconiumcorrelates
moderately with CS (S= 0.44) and lacks correlation with Ni.
thus involving the influence of Zr-bearing minerals from the
basement which also supplied barium.
Cluster 3 exhibits elemental patterns roughly similar
to those of cluster 4, but less abundant Ni, CS, and V could
reflect a larger proportion of evolved volcanic materials.

Bulk chemistry of sand-sized CRP-2/2A samples
providesevidence for significant changes in the predonunant
sources of detritus throughout the CRP-2/2A sequences.
Provenance is dominated by the granitoid basement with
significant contribution of MVG debris through the first
3 10 mbsf, and by Beacon Supergroup in the lower part of
the core. Geochemical signals of contributions of Fei-rar
Dolesites and Kirkpatrick lavas occur in the lower half of
the section. The results are in agreement with previous
studies of Quaternary andMiocene sediments of CRP- 1 and
on the CIROS- 1drillhole. Reconstruction of the provenance
distribution with depth on the basis of the cluster analysis
could be improved by more detailed sampling andlor a
compilation with data from finer lithologies.
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