
Provenance of CRP- 1 Drillhole Fine-Gmined Sediments, 
McMurdo Sound, Antarctica: Evidence from (ieochemical Signals 

Abstract - Geocliemical clatiiarc presented for samples from strata. mai~ily ol'Miocene age. 
in tlic Cape Roberts- 1 core (western McMurdo Sound. Antarctica) to assess the sediment 
provenance. Bulk (n'i;i,jor and trace clement) chemistry together witli bulk mineralogy of 
I'ine-grained sandstones, siltstones. mudstones, and diamictitcs indicate that chemical 
alteration of source materials. fractionation due to sedimentary sorting. and diagcnetic 
cl'l'ccts were not significant in tlie Cape Roberts sediment history. Relevant geoclieinical 
parameters are consistent with the Cape Roberts sediments being derived mainly from the 
crystalline basement and the Beacon Supergroup. On the basis of element distributions. an 
additional contribution from the Ferrar Dolerite and. mainly above about 60 m. influxes of 
detritus derived from basanitic to intermediate members of the McMurdo Volcanic Group are recognised. 

INTRODUCTION 

This paper presents the results of major and trace 
element analyses performed on samples of mainly Miocene 
age from the CRP-l drillhole (Cape Roberts Science 
Team, 1998). The chemical data are interpreted in terms of 
detritus fluxes and provenance reconstruction. To avoid 
misleading conclusions due to element fractionation 
resulting from sedimentary processes or from mobilisation 
during alteration processes, we carefully examined the 
data in combination with investigations of the bulk 
mineralogy. 

SAMPLES AND PROCESSING 

Analyses were performed on 24 samples distributed 
throughout the drillhole from 26.18 to 146.07 m and 
representing different lithologies (fine-grained sandstone, 
siltstone, mudstone, and fine matrix of diamictite). Si, Ti, 
Al, Fe, Mn, Mg. Ca, Na, K, P and Cr. Ba. La, Ce, V, Zr. Y ,  
Ss, Rb, Ni were determined by X-ray fluorescence 
spectroinetry (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 to avoid contamination resulting from drilling mud 
and seawater. Mineralogical analyses were performed by 
X-ray diffracton~etry (CuKa radiation filtered by Ni, 
scanning speed 2' 291nlin). 

RESULTS 

BULK MINERALOGY 

Based on XRD aiialyses, the bulk mineralogy of CRP- 1 
sediments is dominated by quartz and feldspars (both 
K-feldspar and plagioclase). Biotite, pyroxene and 
amphibole (probably hornblende) occur in minor amounts, 
while kaolinite and, more rarely, chlorite are also present. 
The XRD-diagram of one sample (at 49.66 m) exhibits 
peaks identified as chabazite, but the lack of a hand 
specimen prevented us from confirming the identification. 
Authigenic zeolites are common to abundant in the 
CIROS- 1 drillhole (Bridle & Robinson, 1989; Bellanca et  
al., 1997), but the analysed CRP- 1 samples do not contain 
these minerals. This is consistent with the general freshness 
of the volcanic material present throughout the CRP-1 
drillhole (Cape Roberts Science Team, 1998). 

BULK CHEMISTRY 

Major and minor element analyses of CRP-l samples 
are given in tables 1 and 2 and in figures 2 to 7. The data 
plotted in the figures are recalculated to 100%, volatile-free. 

Concentrations of SiO, vary from -58 to -78 wt%, 
although most samples cluster in therange 60-65 wt%. The 
strong negative correlations between SiO, and most 
elements (rvarying from -0.62 forNaiO to -0.98 for Fe@-,) 
reflect significant dilution of the sediments by quartz. 
A120, correlates positively with many elements but best 
with Fe, K, Rb, and Ba (S = 0.82, 0.87, 0.83, 0.77, 
respectively). due to the presence of feldspars (hosting Ba 
and Rb), biotite and hornblende (hosting Rb). Good to 



sandstone 
silly siindslonc' 
muclstone 
silt! sandstone 
inudstonc 
silt> sandstone 
llliiclslone 
muclslone 
slltsto11e 
siltstone 
siltstone 
siltstone 
siltstone 
siltslone 
siltstone 
siltstone 
siltstone 
fine stinclstonc 
fine s;iiicls!onc 
fine siindstonc 
diamictite 

strong correlations of V with Mg (r = 0.71) and Fe 
( r  = 0.93) suggest the association of V with ferromagnesian 
minerals. 

The Chemical Index of Alteration [CIA = A120i 1 
(Al.,O, + Na,O + K.,O + CaO ) ]  X 100 (Nesbitt & 
Young. 1982)and chemical Index of Weathering [CIW 
= A1203/ (Al,03 + N a 2 0  + CaO )] X 100 (Hasnois, 
1988) are moderate to low (CIA from 54 to 61: CIW 
from 61 to 72). 

DISCUSSION 

REASONABLE SEDIMENT SOURCE 

The CIA and CIW dataindicate only moderate chemical 
alteration of the source materials for the CRP- 1 sediments 
and limited fractionation of these materials during 
sedin~entary recycling. 

The lack of CIW-Na@, CIW-K20, CIW-CaO, and 
CIW-TiO, correlations (Fig. 1) may be interpreted as 

being clue to the contribution to these sediments ol' 

moderately weathered materials from a m~~lticomponcnt 
source. The scatter of TiO, and K.,O in the plots iilso 
suggests significant variations in the component 
proportions. 

Discrimination of CRP-l sediments from potential 
source rocks can be effected by spider diagrams ( F i s  2 )  
in which elernent/aluminium ratios are normalised against 
the rocks that are inferred to represent, on the  basis o f  
local geology (Barrett et al.. 1989; Woolfe & Barrctt, 
1995). potential sources. Previous CIROS-1 studies have 
suggested that the local rock units were the main 
contributors for the detritus. These units include: granites 
and ~netainorphic rocks of the Late Precambrian and 
Early Palaeozoic crystalline basement, quartzose or 
quartzo-feldspathic strata of thepalaeozoic and Mesozoie 
Beacon Supergroup, tholeiitic dikes and sills of the Ferrar 
Group, and basanites and trachybasalts to trachytes of the 
McMurdo Volcanic Group. Element mean values for the 
source terrains are those reported in Roser & Pyne ( 1  989, 
Tab. 3). 

Tab. 2 - Trace clement concentrations (ppm) of CRP-l samples. 
s a m p l e  Litliolosy Cr Ba L a  Ce V Zr Y Sr Rb Ni 

sandstone 
silty sandstone 
mudstone 
silly sandstone 
m ~ ~ d s t o n e  
silty sandstone 
m~idstone 
muclstone 
siltstone 
siltstone 
siltstone 
siltstonc 
siltstone 
siltstone 
siltstonc 
siltstone 
siltstone 
fine sandstone 
fine sandstone 
fine sandstone 
diamictite 
dicimictite 
diamictite 
sandstone 
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Fig. 1 - Diagrams showing CIW values vs Na,0. K,0. CaO and TiO, foi 
CRP- 1 samples. 

The spider diagrams show that, if CRP-l samples are 
normalised against basement rocks, most of the values 
(including RbISr ratios) plot around unity, which is 
indicative of a significant basement component for the 
CRP-1 sediments. However, additional detrital influxes 
may be inferred from some features of the patterns in 
figure 2a, such as systematic relative enrichments, 
particularly in Cr and Ni, but also in Mg and V, and 
scattering of Ti, Zr and La. These features are a clear 
record of detrital inputs from sources different from the 
Palaeozoic basement. 

Figure 3 illustrates that on the plots total alkalis, K,O. 
and Rb  vs S O i ,  CRP-1 data fall within an area delimited 
by straight linesjoiningpoints representing mean basen~ent, 
Beacon and Ferrar compositions. Although many points 
cluster close to the basement values, the data appear to 
define a linear trend from basement towards Beacon, 
indicating that the chemistry of CRP-1 samples is 
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Fig. 2 - Patterns of elemcnt/aluminium and RbISr ratios for CRP-1 
samples normalised to potential source rocks. Mean values for source 
terrains from Roser & Pyne (1989). 
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Fig. 3 - Total alkalis ri SiO,. K ,0  1-5 SiO,. and Rb vs SiO, for CRP- 1 
samples. See text for explanation. MVG c ~ c ~ ~ ~ i ' d o  Volcanic Group: 
ev = evolved. 
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influenced by a mixing of the two sources. The mineralogy 
of the Beacon detritus is largely dominated by quartz. 
which accounts for the strong negative correlations between 
SiO, and other elements reported above. On the other 
hand, a clear shift of this trend to the Ferrar field is also 
evident in figure 3, suggesting an additional contribution 
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of  I - ' c ~ I ~ I ~  detritus. With the exception of one s;~ml)Ic ( ; ) l  

40.66 111). the CRP- l data plot far  from McMiirdo Volraiiir 
compositions represented by full circles correspoixlin~ to 
the geochcmical avcragcs reported by Roser C<' l'yiw 
( 1989) ;incl b y  a dotted line representing tlie trend drl'inril 
by clement abundances for volcanic samples from I he l j ry  
Vallcy Drilling Project o n  Ross Island (Kyle. 1 OS I ). As 
the ma.jority of the analysed samples come from thr 
Miocene section of CRP-l. these results are consis1<-111 
with previous reports (for example, Cape Roberts Si.'kv~i.'c 
Team, 1998) that indicate a reduction of volcanic distritiis 
below 62 111. 

Except for a spike at 113.25 111. the depth profili~s lor 
FeIAl. TiIAl. and VIA1 (Fig. 4) exhibit a clear decrease in 
the ratios below -60 m. which may be cxplaincil by ihc 
presence in the uppermost samples of spinel (tinmo- 
magnetite) or titaniferous pyroxene derived from ihi- 

McM~irclo Volcanic Group (MVG). Nevertheless. I I I ; I I I ~  

data falling outside the triangles in the plots V r.s l \ \O;  
and TiICr vs Ni (Figs. 5 & 6) may indicate persistence of 
the McMurdo Volcanic Group detritus. or of volciinics of 
similar chemistry throughout the CRP-l drillhole. 
However, it must be considered that outcrops of these 
volcanic rocks in the McMurdo Sound region only 
extend in age back to 18-20 Ma (Kyle & Muncy, 1980). 
although debris of similar composition was found i n  
Oligocene strata of the CIROS-1 drillhole (Georpe, 
1989; Roser & Pyne, 1989). 

NiIAl and CrIAl ratios (Fig. 4) define downward 
increasing trends. suggesting two interpretations: 
1) samples of the upper part of the hole (above about 

60 m) show Ni and CS values (Tab. 2) well below 
thosereported by Kyle (1981) for McMurdo basanites 
(typically 20 and 50 ppm as opposed to 250 and 500 
ppm. respectively), and more similar to those of 
intermediate McMurdo Volcanic rocks. These low 
values could also reflect a sediment lacking in olivine, 
as also suggested by sand-grain observations (Cape 
Roberts Science Team, 1998); 

2) the higher ratios in samples from the lower part of the 
hole are quite similar to the average ratios of Ferrar 
dolerites (NiIAl = 7.3 and Cr/Al= 1 1.5: Roser & Pync. 
1989) and may reflect a strong influence of the Ferrar 
detritus. 
We plotted ourresults in aCrvsZrdiagram, commonly 
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F;g. 4 - ElementIAl depth profiles for CRP-1 samples. 



lÂ¥'i,!; 5 - V l,.; Fc,0, diagram for CRP- 1 samples 

Â 
MVGev ..: 

Ba.sement 

Fig. 6-Ti1Crr.s Ni diagram foi-CRP-l samples. Symbolsandabbreviations 
as in figure 3. 
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Fig. 7 -  Cn'xZr diagram for CRP- 1 samples. Symbols and abbreviations 
as in figure 3. 

used in interpreting rock chemistry in terms of compatible- 
incompatible element relationships. As shown in figure 7, 
many samples are enriched in Zr. This enrichment might 
be interpreted as evidence for an influence of Zr-rich 
McMurdo Volcanic Group materials, but we cannot 
exclude sedimentary sorting effects on the Zr distribution 
through the Cape Roberts drillhole. However. the lack of 
any apparent con-elation between chemistry and grain size 
in the Cr vs Z1- graph. as well as in previous graphs, may 
indicate that sorting did not significantly affecttheelement 
distribution. 

CONCLUSIONS 

1) Bulk mineralogy and chemistry of analysed CRP-1 
samples show no evidence of significant diagenesis. 

2)  The weaihcsini; indrces ;\pp;>rci'itly indicate a detrital 
contribution of low lo iiiocleralely wealhcrccl materials 
l'rom a iniillicoii~ponc~it sousi .~ Ibr ihcsc scdiments. 

3) The niost relevant chemical parameters indicate a 
more important conti~ihiitionol'dctritus t'somcryst, '1 11' m e  
hilsemcn~ iind from the Beacon Supcrgroup.  
Concentrations of some elements. in  particular heavy 
mctiils. provideevidence f o r  an iidditional contribution 
from the Hei~sar Dolerite. 

4) Significant influxes of  volcanic detritus are recorded 
mainly above about A 0  m. Based o n  major and trace 
element contents. this detritus was probably derived 
from sources compositionally similar to basanitic to  
intermediate members of the McMurdo Volcanic 
Group. 
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