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Abstract - The CIROS-1 drillhole, which in 1986 reached a depth of 700 m below the T
seafloor, is still the only deep hole that can provide information on the velocity structure S \N\ N
of the upper crust in McMurdo Sonnd and the Ross Sea, Antarctica. A careful review and /-/ v) t"».\
quality control of the downhole logging data of CIROS-1 resulted in a new porosity depth | ‘\"k /3 f@f;mm ]
function that is consistent with porosity data from the MSSTS-1 and CRP-1 drillholes. WAISYE ice /
Using existing porosity-velocity equations, it was possible for the first time (o obtain \\ -;.;(ﬁsém‘m;ﬁi; ) SHEET /
ot Sy A s y

reliable velocity information for the upper 700 m of strata off the Victoria Land coast. The
calculated synthetic seismograms, based on downhole velocity and density data, fit very T

N 7

well with the existing seismic lines IT90A-71, PD90-12, and NBP9601-89. The quality of

the correlation confirms that the average velocity of the top 700 m of strata is about 2 000-2 300 m/s, and not 2 800-
3000 m/s, as was previously assumed. In consequence, these distinctly lower velocities result in shallower depths for the
seismic unconformities V3/V4 and V4/V5 and thus may have important implications for further drilling off Cape Roberts.

INTRODUCTION

One of the main objectives of the Cape Roberts Project
(CRP) is to establish a Cenozoic stratigraphy that can be
correlated with the large amount of seismic reflection data
available from the western side of McMurdo Sound and
the Ross Sea. Correlation of geological and geophysical
logs with seismic data requires knowledge of P-wave
velocities provided by sonic logs and measurements on
core samples. However, on account of the premature
termination of the CRP-1 drillhole in October 1997 atfinal
depth of 147 metres below sea floor (mbsf) (Cape Roberts
Science Team, 1998), the CIROS-1 hole, drilled in 1986
(Barrett, 1989), is still the only deep hole that can provide
information on the velocity structure of the upper crust in
this region. CIROS-1 is located in McMurdo Sound, about
120 km south of the CRP-1 (Fig. 1). The CRP-1 and
CIROS-1 drillholes, as well as MSSTS-1 (Barrett, 1986),
are situated on the southwestern margin of the Victoria
Land Basin, the westernmost of four north—south trending
basins formed by extension of the Ross Sea region [for a
general overview of the regional geology and seismic
stratigraphy see Cooper & Davey (1987), Anderson &
Bartek (1992), Barrett et al. (1995), and Bartek et al.
(1995)]. The younger strata in these basins have been
drilled by the Deep Sea Drilling Project (DSDP) (Hayes et
al., 1975) in the central and eastern Ross Sea. The MSSTS-1
and CIROS-1holes were drilled in the Victoria Land Basin
(Barrett, 1986, 1989) down to 227 and 702 mbsf,
respectively. Both holes were drilled from fast ice using a
land rotary rig. Core recovery was 98% for CIROS-1 and
56% for MSSTS-1. A limited downhole logging program
was conducted only in CIROS-1.

150 km
to CRP-1

7034 L77°34

A

-

o5

o
L

So_ P-77738
9 05 1km -

Legend
® - %o R iT.7%
s8-8 PDEOI2

& -t -G PEOGAR

@-- e -.& PDIY0-0Z

-77°36

-77°36" T
164°25'

Fig. I - Locations of the MSSTS-1, CIROS-1, and CRP-1 drillholes off
the western coast of the Victoria Land Basin and detailed map of seismic
profiles at MSSTS-1 and CIROS-1. The Italian seismic line IT90A-71
passes directly through the MSSTS-1 and CIROS-1 sites. The Polar Duke
lines (PD90) cross 500 m north of the CIROS-1 drilling site. For a detailed
location nap of CRP-1, see Barrett & Ricci (this volume).
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These offshore drilling projects have been carried out
to sample strata and to obtain a record of the waxing and
waning of the ice sheet in the past. CRP-1, CIROS-1 and
MSSTS-1 are the only drillholes on the continental shelf
ol West Antarctica that provide detailed information on
sediment velocities. Interpretation of extensive seismic
data (over 40 000 line-km) has relied on correlation with
these wells in order to establish a stratigraphy for the
western Ross Sea. General seismic sequences have been
defined for the Ross Sea by Hinz & Block (1984), for the
Bastern Basin and Central Trough by Anderson & Bartek
(1992), for the Victoria Land Basin by Cooper & Davey
(1987) and Brancolini et al. (1995), and for McMurdo
Sound by Bartek et al. (1995). For a discussion of the
correlation of the different stratigraphic nomenclatures,
see Henrys et al. (this volume).

In the CIROS-1 drillhole, the upper part of the drilled
sequence, i.e. above the unconformity at 366 mbsf, consists
of diamictites, mudstones, sandstones and some
conglomerate of early Oligocene to earliest Miocene age
(31-22 Ma; Barrett, 1989). The lower part is deep-water
mudstone with turbidite sand and conglomerate and some
diamictite, ranging fromearly Oligocene to middle Eocene
inage(Barteketal., [995). Thisunconformity is identified
on seismic records as the regional V3/V4 boundary of
Cooper & Davey (1987). This boundary is equivalent to
RSU 6 of Brancolini et al. (1995) and Q/R of Bartek et al.
(1995) and Barrett et al. (1995). Seismic correlations
between the CIROS-1 and MSSTS-1 drillholes are given
by Brancolini et al. (1995), Bartek et al. (1995) and
Brancolini & Coren (1997). Reflection times were
converted to depths using a weighted average of the
stacking velocities in the vicinity the drill sites (Brancolini
etal., 1995). In ANTOSTRAT (1995) the strata velocities
havebeen calculated by averaging many velocity analyses
from multichannel seismic data in the area of CIROS-1
and MSSTS-1. Reflection coefficients have been obtained
empirically from sand/silt/clay concentrations (De Santis
et al., 1995; Brancolini & Coren, 1997). Bartek et al.
(1995) used the CIROS-1 downhole porosity data to
obtain velocity information. Seismic refraction sonobuoy
studiesin the Ross Sea were undertaken by Cochrane et al.
(1993) and by Cooper et al. (1987) for the western Ross
Sea and McMurdo Sound.

Calculated synthetic seismograms in these studies
differ significantly from those obtained by the previous
authors, but, at the same time, provide useful correlation
with observed data. In view of the importance of the
seismic correlations at the CIROS-1 site to basin-wide
stratigraphy in the Ross Sea, we felt it was timely to
carefully review the geophysical log data at CIROS-1.

In this paper we present a revised porosity depth
function for CIROS-1. This is used to calculate synthetic
seismograms, which are then compared with all available
seismic data. The results are important for tying the
seismic data to CIROS-1. Seismic profiles used for this
study were acquired during the 1989/90 Italian OGS-
Explora cruise (MCS multichannel survey, line IT90A-71;
Brancolini et al., 1995) and the single-channel seismic
dataduring the 1990 Polar Duke cruise (SCS lines PD90-02,
PD90-12, PD90-46; Anderson & Bartek, 1992, Fig. 1).

MCS line 1T9OA-T1 passes NE-SW directly across the
drill sites CIROS-1 and MSSTS-1, whereas the PDY0 lines
pass about some hundred metres from the drill sites (Fig.1).

DOWNHOLE LOGGING DATA AND
MEASUREMENTS ON CORES

In the DSDP drillholes in the Ross Sea (Leg 28). core
recovery was poor and neither downhole nor core logging
was undertaken; hence we have no direct information on
seismic velocities. The first information on secismic
velocities forthe Victoria Land Basinoffshore was obtained
by measurements on cores from the MSSTS-1 drilihole
(Collen & Frogatt, 1986; Frogatt, 1986). Analysis of
porosity, density, and velocity measurements on the well
lithified core samples below 18 mbsf suggests that a
kilometre or more of overlying sediments have been
removed by erosion, resulting in unusually high densily
and velocity, and low porosity values for this depth of
sediment. In addition, we belicve there might be a bias
towards higher density and velocity values due to poor
core recovery and poor core quality in the upper 70 m.
Density ranges from 1.8 to 2.7 g/em?, corresponding (o
high sonic velocities (2 - 5 km/s). Core porosities vary
between 5 and 45% with an average of 27%.

Geophysical logs of hole diameter (caliper), natural
radioactivity (GR), bulk density (RHOB), and neutron
porosity (NPHI) were obtained in the CIROS-1 drillhole
(White, 1989). In general, the logs show a close correlation
with lithology (Fig. 2). Sandstone beds having lower
natural radioactivity, higher density and lower porosity
than mudstone. The diamictites, and especially the
conglomerates, are characterised by the highest density
and lowest porosity values. Gamma ray values are also
low in these sections. The conglomerates clearly cause
significant variations in the physical parameters between
320 and 366 mbsf, and at 620 mbsf. The sequence between
320and 366 mbsf consists of alternating layers of diamictite
and conglomerate, the main unconformity probably being
at 342 m or 366 m. This unconformity is interpreted to be
the seismic sequence boundary V3/V4 (see also Bartek et
al., 1995). The average neutron-porosity of the entire
column is 13% (gray curve in Fig. 2; data from White,
1989). In contrast to this low average neutron-porosity,
porosity measurements on cores from the CRP-1 drillhole
(Cape Roberts Science Team, 1998) show an average
value of 39% in the depth range between 20 and 147 mbsf.
Unfortunately, no sonic log was carried out in CIROS-1.
Bearing in mind that strata has been eroded from the
sequences drilled by the CIROS and MSSTS, an average
porosity of 13% for the CIROS site appears anomalously
low in comparison with the average values of 27% and
39% for the MSSTS and CRP-1 sites (Niessen et al., this
volume).

CALCULATION OF POROSITY

How can we explain the discrepancy between the
relatively low porosity values obtained for CIROS-1
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Fig. 2 - Downhole geophysicallogs measured in CIROS- 1 (White, 1989)
together with a simplified lithology (Barrett. 1989) showing mudstone.
sandstone, diamictite, and conglomerate. Depth is given in metres below
seafloor (mbsf). From lefttoright: (1) drillhole diameter (caliper) in mm:
(2) lithology legend: (3) simplified lithology and natural radioactivity
(gamma ray, not calibrated to API); (4) density from 1.9 to 2.7 g/em’.
measured by gamma-ray atlenuation; (3) light gray curve, measured
neutron porosity (neut. poro.) from 0% to 25%, black curve shows the
calculated porosity (porocale) from 0% to 50%: and the (6) calculated
velocity (veale) from .5 to 4.5 km/s (see text for explanation).

compared with measurements made on cores from MSSTS-1
and recent samples obtained from CRP-1? White (1989)
describedthe calibration procedure of the neutron-porosity
probe using measurements on miniplugs taken from the
CIROS core. The disadvantage of miniplugs is the biased
nature of the sampling procedure, i.e. only intact cores
were used for sampling. This gives preference to lower
porosities (and higher densities). Secondly, it seems that
the given plug porosities are calculated as weight percent
(water-filled pores) rather than the usual volume percent
porosities; hence, porosity is underestimated. As an
alternative method, we have derived a new porosity (@)
curve, calculated from the downhole density p, the matrix
density p,., (mainly quartz and calcite with an average
density of 2.67 g/fcm?) and the fluid density p, (salt water
1.02 g/cm?) using

D= Puwa =P

Pima - Pr

These new, calculated volume percent porosities are
almost twice as large as previously published porosities.
The new downhole porosity log is given in figure 2
(second column from right, black curve). However, the

average value of the new caleulated porosities is 28%,
close 1o the average value obtained from the MSSTS
cores, confirming our doubts about the original neutron-
porosity calibration procedure. In short, we believe the
neutron-porosity probe should be recalibrated. Despite
differing by a factor of two, the “old”™ neutron-porosity
calculated density-porosity curve
show excellent correlation. The differences between the

curve and the “new’”,

old neutron-porosities and the new ones can be clearly
seen in the frequency distribution (Fig. 3).
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Fig. 3 - Frequency distribution of fractional porosities in CIROS-I.
Gray: downhole measured ncutron porosities. Black: calculated density-
derived porosities (see text for formula). The density-derived porosities
are twice as large as the neutron porosities. We believe the neutron
porosities are too low and have to be recalibrated.

CALCULATION OF VELOCITY

A velocity curve can be derived from the newly
calculated porosity curve. Relationships between velocity
and porosity of sediments are given in the recent literature,
and several procedures for deriving velocity from porosity
are described. A comprehensive review of the existing
equations is given by Erickson & Jarrard (in press). The
relationships between porosity and velocity as given by
the different authors are shown graphically in figure 4.
Wiyllie et al. (1956) introduced an empirical equation for

range of porosiiies in CIRCS-1
>

—
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Fig. 4 - Curves of velocity-porosity equations from different authors.

The range of porosities for the CIROS-1 drillhole is shaded. Velocity

data for the CIROS-1 hole were calculated using the density-derived

porosity values and the Jarrard etal. (1995) equation (see text for details).
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the relationship between p-wave velocity V jand porosity
@ for low-porosity sandstones using the matrix velocity
V.. and the fluid velocity V,, to calculate compressional

wave velocities:

WV, =@/ + (1- DYV,

This empirical equation results in relatively high
veloeity values over the entire range of porosities between
0% and 70% (Fig. 4). The Wyllie equation, also known as
the time-average relation, has been successtully used by
log analysts in the petroleum industry. The Raymer et al.
(1980) equation, which takes all types of porosity into
account, contains a squared term for porosity and is
different from the Wyllie equation, especially for high
porosity sediments (see Fig. 4). Davies & Villinger (1992)
combined several equations for high porosity and low
porosity,resulting in a cubic relationship between velocity
and porosity. They state that their equation is valid over a
porosity range of 10 —57%. The most recent equations are
presented by Jarrard et al. (1995) and Erickson & Jarrard
(in press). These equations take into account log-based
porosities and velocities from the Cascadia accretionary
prism and other ODP (Ocean Drilling Program) holes.
According to Jarrard et al. (1995), a second-order
polynomial regression shows a good fit to the p-wave
velocity data (Vp) for the undeformed sediments at
Cascadia:

V, =348-542 @ +3.09 ol

The Erickson & Jarrard (in press) relation takes into
account many factors that affect the velocity. The
differences from the earlier Jarrard et al. (1995) model are
mainly due to the shale content and consolidation history,
and can be seen particularly well in the low porosity range.
Both these papers give a validity range for porosities of
20 - 70%. In this porosity range the differences for shale-
free marine siliciclastic sediments are lower than 5% in the
corresponding velocity range. For the following
investigations, the downhole velocity for the CIROS-1
drillhole was calculated using the Jarrard et al. (1995)
equation (lowermost, medium-grey curve in Fig. 4), and is
shown in figure 2 (right column).

The frequency distribution of velocity as a function of
the lithology (Fig. 5) shows a roughly trimodal structure,
and an overall average velocity of 2.25 km/s can be
inferred. The mudstones and some of the diamictites
display low velocities at 2.0 km/s, whereas the
conglomerates have the highest velocities, i.e. around
2.8 km/s and a few above 3.0 km/s. The sandstones and
some of the diamictites are characterised by intermediate
velocities at about 2.4 km/s. Only the conglomerates show
velocities higher than 2.6 km/s.

The velocity-porosity relations of both Jarrard et al.
(1995) and Erickson & Jarrard (in press) show excellent
correlation with the data from the CRP-1 core (Cape
Roberts Science Team, 1998) in the high porosity range
above 25% (Fig. 6). This confirms the two models and
justifies the calculation of velocities from porosities based
on their models for the CIROS-1 drillhole. The observed

fithology

40-

25 3.0 35
velocity (km/s)

(calculated from density-porosity)
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Fig. 5 - Frequencey distribution of calculated velocities for CIROS-1
showing lithologies. The conglomerates show the highest velocities and
the mudstones the lowest (lithologies from Barrett, 1989).

deviation from their equations at low porosities is due to
the variation in lithology and the different mechanical
properties of the lonestones that were found in CRP-1. The
physical properties of the CRP-1 core are discussed in
detail in Niessen et al. (this volume) and Jarrard et al. (this
volume).

GENERATION OF SYNTHETIC SEISMOGRAMS
AND CORRELATION WITH SEISMIC LINES

Reliable downhole density and velocity data, as well
as seismic impedances z = p v, and reflection coefficients
R =(z, - z,)/(z, + z,). permitted synthetic seismograms to
be calculated. '

Synthetic seismograms were generated using a
reflectivity algorithm (Kennett, 1981). This method

1
CRP-1velocities

6000 —5—* : : :

4000 —

velocity (m/s)

0.0 02 04 0.6
fractional porosity

Fig. 6 - Comparison of the curves for the Jarrard et al. (1995) and
Erickson & Jarrard (in press) velocity-porosity equations with the
porosities measured on cores from the CRP-1 drilthole (Cape Roberts
Science Team, 1998). Note the good correlation in the porosity range
above 0.25. The lonestones dominate the lower porosity range: however,
lonestones were notincluded in the porosity-velocity equations mentioned
above.
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accounts forall normally incident waves and their multiples,

scafloor multiples are notincluded. Input is in terms of

P-wave velocity, density, porosity, attenuation, and depth
or thickness of horizontal layers. In all cases presented
here, attenuation is assumed to be infinite. No attenuation
measurements were made on core samples and, unless Q
(seismic wave attenuation quality factor) is low, velocity
dispersion effects are assumed to be small. Velocity,
density and porosity values for the different layers, apart
from the sediments immediately below the seafloor, were
derivedfrom well logs and measurements on core samples.
The properties of the seafloor were determined by trial-
and-error matching of the observed and calculated water
bottom reflections. The synthetic traces were subjected to
the same processing sequence as the observed single-
channel seismic data (i.e. same filter and gains) and
displayed with identical plotting parameters. Single-
channeldata (SCS) from PD90 and near-trace multichannel
data (MCS) from IT90A-71 (CIROS-1) and NBP9601
(CRP-1) were used. These data sets include a minimum
amount of processing to preserve both true amplitude and
relative trace-to-trace amplitudes, i.e. no deconvolution or
FK filtering, or trace averaging was applied. On lines
ITO90A-71,PD90-12, and NBP9601, the ten traces close to
the drillholes were substituted for the synthetic traces
(Figs. 7,8, & 9).
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The scismic traces were not migrated. The effect of
migrating data 1s to steepen dipping structures, but near-

surface, gently dipping events retain their shallow dip.
Accurale migration requires detailed velocity information,
which is not available for single-channel data. However,
|11i§zr'11i,i<)|1 of near-trace datafrom [T9OA-7 1, using velocity
information from multichannel processing, steepened the
slopes of glacial channels, but data in the vicinity of the
wells remained unaffected.

SYNTHETIC SEISMOGRAMS AND
CORRELATION WITH SEISMIC LINES
AT CIROS-1

Figure 7 shows an expanded view of scismic line
IT90A-71 and the synthetic CIROS-1 seismogram. The
setsmic reflectors show excellent correlation with all the
reflections in the synthetic traces. This is remarkable
because the IT90A-71 line is a low frequency line (10—
20 Hz). Bartek et al. (1995) grouped velocities into 20
distinct layers (average 2 800 m/s) for their synthetic
seismogram calculations and compared the results with
seismic line PD90-12 (location see Fig. 1). The main
difference in our calculations is that a finer detail of the
velocity and density logs was used, resulting in a more

Fig. 7 - Seismic line
IT90A-71 (Brancolini et
al.. 1995) and the
calculated synthetic
seismogram for the
CIROS-1 drillhole. The
unconformity (V3/V4)is
visible at 580 ms in the
synthetic ~ CIROS-1
seismogram just below
the seafloor multiple. and
appears to lie on the
continuation of an
unconformity visible in
the seismic section as a
southward dipping
reflector beneath the
glacial channel. This
means that for the first
time the V3/V4-boundary
can be traced into a
drillhote log, thus
providing reliable
information on its depth.
All reflectors in the
seismogram above the
seafloor multiple can be
clearly correlated with
reflectors in the synthetic
trace.
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Fig. 8 - Seismic line PDY0-12 0.0 ‘
{Anderson & Bartek. 1992) and
the synthetic seismogram for
the CIROS-1 drilihole, both at 0.1
higher frequency than those in
figure 7. Although this seismic
profile is about 200 m from 0.2
CIROS-1 (see Fig. 1), most of
the retlectors can be correlated 1%}
withreflections in the synthetic 2 03
trace. In contrast to figure 7, 8
three reflectors are visible just <L/uv7
below the seatloor multiple in u o4
the  synthetic CIROS-| [
seismogram, the lowest one of a R
whichis probably the 366 mbsf Z 05
unconformity (V3/vV4, and g
Q/R boundary between :é( 0.6
stratigraphic units Q and R & '
from Fig. 3 of Bartek et al. =
(1995)). This lowest reflector = 07
appears to correlate with the
southward-dipping reflector
below the glacial channel. 08

0.9

1.0

Synthetic Seismogram:

ricker source

!

SEISMIC LINE PDS0-12

center frequeney 30 Hz. Ip filter 60/100 Hz

density. downhole measurement CIROS-1
velocity: calculated from corrected porosity

detailed synthetic seismogram. The average velocity in
the CIROS-1 well from the revised velocity log is now
2250 m/s. This has the effect of shifting reflectors to
greater two-way travel times (TWT) (shallower depths) in
the seismogram time sections. For example, the reflection
between stratigraphic units Q and R at 578 ms TWT in
Bartek et al. (1995; Fig. 3) is now at 630 ms TWT, a
difference of more than 50 ms TWT. This reflection
between units Qand R corresponds to the V3/V4 boundary,
which is inferred to be at 366 mbsf in figure 2, and is also
a distinct reflector in the synthetic seismograms.

Unfortunately, the seafloor multiple reflections are a
major limitation toidentifying primary reflections at times
greater than 580 ms TWT. Nevertheless, areflectionin the
synthetic traces just below the multiple at 580 ms TWT
can be seen to be the continuation of the southward-
dipping reflector below the glacial channel structure north
of the CIROS-1 drillhole. This reflection below 580 ms
TWT can be correlated with the three velocity peaks
between 325 and 366 mbsf in figure 2 and is therefore
attributed to the V3/V4 boundary. This means that for the
firsttime areflection interpreted to be the V3/V4 boundary,
canbereliably incorporated in drilling results, and one can
be reasonably confident about its depth.

An expanded view of seismic line PD90-12 and its
correlation with the synthetic CIROS-1 seismogram is

given in figure 8. The PD90 data are medium frequency
(30-50 Hz), thus showing a more detailed reflection
structure than the IT90A-71 line. The synthetic
seismograms were processed in the same manner as the
seismic lines, also resulting in more detail than that of the
IT90A-71 synthetic traces. In figure 8 there is also a very
good match between almost all the seismic reflectors and
the synthetic seismogram. Again, the reflection due to the
main unconformity in CIROS-1 occurs just below the
seafloor multiple, and appears to be a continuation of the
southward-dipping reflector more clearly visible in
figure 7.

SYNTHETIC SEISMOGRAMS AND
CORRELATION WITH SEISMIC LINES
AT CRP-1

The synthetic seismogram for the CRP-1 site is
superimposed on part of seismic line NBP9601-89 in
figure 9 (for the location of seismic lines NBP96 see
Henrys et al., this volume). The synthetic traces are based
on density and velocity measurements on the core from
CRP-1 (Niessen et al., this volume). The average velocity
of the sediments in the CRP-1 drillhole is 2 000 m/s
(Fig. 6). The lonestones, which show high velocities,
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{Cape Roberis Science Team 1998}
seismic iine: NBPE601_€9 (see Barrett 1997)

Fig. 9 - Seismic line NBP9601_89 (Barrett, 1997) and synthetic
seismogram for the CRP-1 drillhole. The upper constraint of the V3/V4
boundary is indicated (Bartek et al., this volume), the CRP-1 drillhole
missed this boundary by a few metres. Water depthis 150 m. The seismic
data from the CRP-1 site consist of near-traces extracted from a 22-
channel MCS data set acquired as part of USAP Nathaniel B. Palmer
cruise 9601.

appear tohave little influence on the average velocity. The
low average velocity is consistent with the CIROS-1
results and gives a total drilling depth of 345 ms TWT for
the CRP-1 hole, which must terminate just a few metres
above the estimated position of the V3/V4 boundary
(Cape Roberts Science Team, 1998).

The reflection at the base of the Quaternary section at
44 mbst, due to a drop in velocity and an increase in
porosity, can be seen to occur in the seismic section and
synthetic seismogram at 240 ms. In the Miocene section
below, three major reflections can be traced in the synthetic
traces. Henrys et al. (1994) subdivided the seismic
stratigraphic units V2 and V3 into at least six seismic
sequences on the basis of the single-channel seismic line
NBP96 in McMurdo Sound. However, most of these
sequences pinch out on the eastern flank of Roberts Ridge
and exact correlation of Miocene and older units with
CRP-1 remains uncertain (see Henrys et al., this volume).

DISCUSSION AND CONCLUSIONS

Currently, the large amount of available seismic data
canbe interpreted only by correlating it with CIROS-1 and
MSSTS-1 logs as well as with DSDP 273 results in order
to establish a Cenozoic stratigraphy for the western Ross
Sea. However, new porosity measurements from cores
from CRP-1 have highlighted a discrepancy in the neutron
porosity log of CIROS-1 (White, 1989). A new porosity

curve based on the original density logs now provides data
that is reliable and consistent with measurements on core
samples. In addition, synthetic seismograms that use the
velocity profile based on the new porosity data match the
observed seismic data very closely. Furthermore, these
mgasurements indicate lower values of P-wave velocity
than previously assumed for McMurdo Sound and the
Victoria Land Basin. This may also have some implications
for the entire Ross Sea. As to our knowledge, seismic depth
sections given so far are based on velocity measurements
on cores, downhole porosity measurements, calculation of
stacking velocities (Davy & Alder, 1989; Brancolinietal.,
1995), seismic refraction sonobuoy studies (Cooperetal.,
1987), or indirect methods for determination of reflectors.
The velocities measured on MSSTS-1 (Frogatt, 1986) and
CIROS-1 (Davy & Alder, 1989) cores appear to be far too
high. It is now clear that these high core velocities do not
reflect the in-situ situation. They may have several causes.
Whole-core segments, free of fractures and with no clasts
inthe sediment, were chosen for the measurements (Frogatt,
1986). This fact, together with the effects of the cores
being allowed to dry out (the measurements were made
some time after coring), may have biased the velocities
towards higher values. Also the procedure of calculating
stacking velocities during seismic processing tends to give
higher velocities, particularly in areas with dipping
reflectors. According to the seismic refraction sonobuoy
studies by Cooper et al. (1987, p. 109), they gave a
velocity range of 2.9 — 4.1 kn/s for seismic unit V3.

The newly calculated downhole porosities for the
CIROS-1 drillhole are in good agreement with the MSSTS-1
and CRP-1 values, taking into account the thickness of the
eroded part of the sequence at the CIROS-1 site. It has
been shown, that the Jarrard et al. (1995) and the Erickson
& Jarrard (in press) velocity-porosity equations are also
well suited for the strata drilled in McMurdo Sound, thus
justifying calculation of velocity from porosity. Bearing
in mind that the geological situations at the CIROS-1 and
CRP sites are not identical (part of the sequence at CIROS-1
having been removed by erosion), the results for the
calculated porosities and velocities at the CIROS 1 site are
conclusive and comparable to the values measured on
cores from CRP 1. This indicates that the CRP-1 core
measurements have produced reliable results.

The bestcorrelation between the synthetic seismogram
and a seismic section through the CIROS-1 site is displayed
by the Italian IT90A-71 line. This low frequency (and thus
low resolution) line passes directly through the drill site
and at an angle of 45° to the Victoria Land Basin structure,
giving a good basis for a comparison. All reflectors from
the seismogram above the seafloor multiple can be traced
into the synthetic seismogram. The PD90 lines 02, 12 and
46 cross about 500 m north of the CIROS-1 drilling
location, complicating correlation with CIROS-1. Although
the medium-frequency line PD90-12 does not show as
good a correlation with the synthetic traces as the line
IT90A-71 does (Fig. 7), most of the reflectors can also be
matched in this seismic section (Fig. 8). Because of the
distance and the sharp bend just north of the CIROS site,
line PD90-46 is not suitable for comparison with
CIROS-1.
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«— 10 km landward to CAPE ROBERTS

Fig. 10 - Drilling sites off Cape
Reberistogether with a simplified
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SUMMARY AND IMPLICATIONS FOR
FURTHER DRILLING OFF CAPE ROBERTS

Significantly improved velocity data for the upper
700 m of Cenozoic strata off the Victoria Land coast has
been derived by re-cvaluating and re-calculating the
CIROS-1 logging dara. The calculated synthetic
seismograms, based on the downhole velocity and density
data. fit very well with the low-frequency seismic line
IT90A-71, which passes directly through the drillhole
location. The higher-frequency, and thus the higher-
resolution seismic line PD90-12, which passes some
distance from the drillhole location, also shows a good
correlation with the synthetic seismograms. These
correlations represent further confirmation of an average
velocity of about 2 000-2 300 m/s for the top 700 m of
strata, instead of 2 800--3 000 m/s previously derived from
the stacking velocities (Davy & Alder, 1989; Brancolini et
al., 1995) and poorly calibrated porosity data from the
CIROS-1 drillhole. Lower average velocities mean that
the strata, and more important, unconformities inferred 1o
correspond to V3/V4 and V4/VS, are shallower than
previously thought. Figure 10 presents a cross-section
through the Cape Roberts sequence based on seismic data
from NBP9601-89 assuming a velocity of 2 200 m/s for
the upper 700 m. Drillsites from which the entire sequence
can be cored with two 700 m deep &rili holes are also
indicated.
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