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14. LITHOLOGIC INTERPRETATION FROM GEOPHYSICAL LOGS IN HOLES 737B, 738C, 739C,

AND 742A!

Gilles Ollier? and Benoit Mathis?

ABSTRACT

During Leg 119 a full suite of geophysical logs was recorded in four holes drilled in the southern Indian Ocean.
Holes 737B and 738C are located on the northern and southern Kerguelen Plateau, respectively, whereas Holes 739C
and 742A are located on the Antarctic Shelf in the Prydz Bay area. The sediments encountered on the Kerguelen Pla-
teau consist mainly of fine siliceous or calcareous biogenic deposits accumulated during the past 100 m.y. On the Ant-
arctic Shelf, the formations encountered are of glacial origin and consist principally of diamictites.

The geophysical logs were correlated with the core descriptions in order to supplement the lithologic column in the
four holes. The in-situ measured parameters used for lithologic interpretation in Holes 737B, 738C, and 742A are the
natural radioactivity, the neutron porosity, the bulk density, the photoelectric effect, the P-wave sonic transit time, and
the thorium, uranium and potassium content. Only a limited number of geophysical logs (natural radioactivity, P-wave
sonic transit time, and resistivity) were recorded in Hole 739C. A lithologic interpretation is, however, proposed for this
hole on the basis of the existing logs. The lithology inferred from the logs is determined by comparing the position in
standard diagrams of plotted parameters, either untreated or calculated, with the position of mineralogic and lithologic
poles (calcite, quartz, etc.). Also, lithologic information from cores was extrapolated in the non-recovered intervals, ac-
cording to the log changes observed between recovered and non-recovered sections.

In the Kerguelen Plateau holes the radioactivity and uranium, thorium, and potassium logs were used to determine
the amount and the nature of clays. Six logging units are recognized in Hole 737B in the depth interval 296.5-701.0 me-
ters below seafloor (mbsf) and three in Hole 738C in the depth interval 113.0-455.0 mbsf on the basis of the shaliness
and the porosity of the calcareous formations. Almost no clay was found from the logs in Hole 738C, whereas a signifi-
cant amount of illite and montmorillonite, up to 38.5% of the dry bulk, was found in Hole 737B.

Unlike the biogenic sediments of the Kerguelen Plateau, the deposits encountered in the holes of the Antarctic Shelf
show a very high radioactivity rate (up to 120 GAPI in Hole 742A) due to the presence of granitic eroded basement
rocks. Two kinds of glacial sediments were identified from the log records in Hole 742A and 739C. The first kind corre-
sponds to compacted massive diamictite units deposited beneath grounded ice; the second kind corresponds to less com-
pacted, stratified diamictite units deposited seaward of the grounding line. The basal glacier deposits are compacted be-
cause the weight of the ice has acted upon the sediments since the time of their deposit whereas distal diamictites are less
affected by ice loading. In both Holes 739C and 742A, the alternation of basal diamictites and distal diamictites sug-
gests several cycles of ice advance and recession. At least two cycles seem to have occurred from the Pliocene to the

present.

INTRODUCTION

Core recovery at the sites drilled during Ocean Drilling Pro-
gram (ODP) Leg 119 was only 57.6% on an average for the en-
tire cruise (Barron, Larsen, et al., 1989). The present study is an
attempt to use the geophysical logs recorded in Holes 737B,
738C, 739C, and 742A to supplement the lithologic observa-
tions from the cores.

These four holes document two kinds of sedimentary envi-
ronments (Fig. 1). Holes 737B and 738C sampled the calcareous
and siliceous biogenic sediments deposited during the past 100
m.y. on the Kerguelen Plateau (Barron, Larsen, et al., 1989).
Prydz Bay Holes 739C and 742A on the Antarctic continental
shelf sampled sediments from glaciomarine origin, of diamictite
type, spanning at least 35 m.y (Barron, Larsen, et al., 1989;
Hambrey et al., 1989; Hambrey et al., this volume)

Since the early 1970’s and concurrently with the development
of sophisticated logging tools, the o0il companies have developed
methods allowing the interpretation of lithology from geophysi-
cal logs in the absence of coring from exploration holes (Schlum-
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berger, 1972a; Schlumberger, 1972b; Quirien et al., 1982; Serra,
1985; Herron, 1986). These methods are mostly based on the use
of crossplots of measured parameters such as density and poros-
ity, or calculated parameters derived from the former (Burke et
al., 1969; Ellis, 1987; Schlumberger, 1988). The methods devel-
oped for the oil industry are, however, usually adapted to ce-
mented, well-consolidated sediments such as limestone, sand-
stone, or dolomite, but have to be employed with special care to
the non-lithified sediment types encountered in the present ODP
holes. Nevertheless, applying proper corrections to the logging
measurements, some authors have already used the crossplot
methods in the ODP holes (Anderson and Newmark, 1985;
Goldberg et al., 1987). Another way is to define a mineralogic
model on the basis of the sampled intervals, and then to calcu-
late the percentage of each mineral at each depth (Quirien et al.,
1986; Doveton, 1986; Jarrard et al., 1989; Broglia et al., 1990).

The major difference between the sedimentary formations
drilled for oil exploration and those recovered in the ODP holes
is in the consolidation state of the sampled material. The sedi-
ments sampled during Leg 119 commonly reached 60% water
content and 80% porosity on the Kerguelen Plateau, and 20%
water content and 40% porosity in the Prydz Bay area (Barron,
Larsen, et al., 1989). By comparison, the consolidated forma-
tions mainly exhibit water contents and porosities significantly
lower; the water content is mostly equal to a few percent, whereas
porosity rarely exceeds 40% (Serra, 1985). Also the hole condi-
tions are significantly less favorable for logging acquisition in
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Figure 1. Location of Holes 737B, 738C, 739C, and 742A. Bathymetry,
in meters, is from GEBCO (Hayes and Vogel, 1981; Fisher et al., 1982)

ODP drilling than in commercial drilling. The large size of the
ODP holes (minimum 11 in., or 27.5 ¢cm, on Leg 119), com-
bined with the frequent occurrence of soupy sediments and the
influence of the drilling fluid on the logging tool responses, in-
duce incorrect logging measurements (Lamont-Doherty Bore-
hole Research Group, 1988). On the other hand, unlike explora-
tion holes where coring is commonly restricted to the reservoir,
the ODP holes are continuously cored, and offer an uncom-
parable opportunity to match observations from cores and from
in-situ measurements. Accordingly, the core descriptions are used
extensively in this study to calibrate the log responses in terms
of lithology. The primary objective of this study is to fill the
lithologic gaps of the non-recovered intervals. In addition, we
aim to provide quantitative information, such as the porosity
and the shaliness of the formations.

The following will successively present the description of the
available data, the method used to derive the lithologies from
geophysical logs, the log-inferred lithology in the Kerguelen Pla-
teau holes, the log-inferred lithology in the Prydz Bay holes,
and finally, a section will be devoted to a discussion of the valid-
ity of these results and their implications in the understanding
of the local sedimentary environments.

AVAILABLE DATA

The term lithologic unit will be used in the following for the
lithology defined by cores. The term logging unit will be used
for the units defined by geophysical logs. The data used in this

study are the Schlumberger geophysical logs, the lithologic core
descriptions, and the density and porosity measured on samples
presented in the preliminary leg results (Barron, Larsen, et al.,
1989). Information about the mineralogic composition of the
sediments recovered is also integrated into the present study
(Hambrey, et al., this volume; Bohrmann and Ehrmann, this
volume)

Hole 737B

In Hole 737B, geophysical logs are available between 124.0
and 701.0 mbsf (Fig. 2). Because of the lack of lithologic logs,
such as density and porosity logs, in the upper logged section, a
lithologic interpretation is only proposed for the depth interval
296.5-701.0 mbsf. The log-inferred lithologic column is repre-
sented between the radioactivity log (SGR) and the bulk density
log (RHOB) (Fig. 3). The core recovery between 296.5 and 701.0
mbsf reaches 66.6%. This depth interval contains four litho-
logic units (Barron, Larsen, et al., 1989): (1) lithologic Unit 3
(244.1-306.6 mbsf), (2) lithologic Unit 4 (306.6-321.1 mbsf),
(3) lithologic Unit 5 (321.1-677.9 mbsf), (4) lithologic Unit 6,
(677.9-711.2 mbsf).

Lithologic Unit 3 consists of middle to upper Miocene dia-
tom-nannofossil ooze. Lithologic Unit 4 is a middle Miocene
formation consisting of sandy siltstone mixed with volcanic sand
and diatom-nannofossil oozes. Lithologic Unit 5 is an upper
Oligocene to middle Eocene unit composed of calcareous clay-
stone mixed with clayey limestone at its base. Lithologic Unit 6
is composed of a middle Eocene clayey limestone with minor
chert layers, nodules, and black claystone. Physical properties
and lithology are further described in Barron, Larsen, et al.
(1989) which also contains comparison with the preliminary log
results, and in Bohrmann and Ehrmann (this volume). The
logging parameters recorded in Hole 737B are either physical
parameters (such as bulk density (RHOB), neutron porosity
(NPHI), P-wave sonic transit time (DT), total natural radioac-
tivity (SGR) or natural radioactivity (GR), and photoelectric ef-
fect factor (PEF) parameters) or chemical parameters deduced
from radioactivity (such as uranium (U), thorium (Th), and po-
tassium (K) content). The previous parameters were acquired
with the following tools which are commonly used in the oil in-
dustry and developed by Schlumberger (Ellis, 1987): lithoden-
sity tool (LDT) for RHOB and PEF; dual porosity neutron tool
(CNT-G) for NPHI; long-spaced sonic tool (LSS) for DT natu-
ral gamma-ray tool (NGR) for GR; and natural gamma-ray
spectrometry tool (NGT) for U, Th, K, and SGR.

Hole 738C

In Hole 738C, logs were acquired between 113.0 and 455.0
mbsf (Fig. 4) and used within this depth interval to supplement
the lithology from cores (Fig. 5). In Figure 5, the log-inferred
lithologic column is represented between the RHOB and the
NPHI log. The mean core recovery is 57.6% for the entire
drilled section. The core descriptions indicate that the logged
section covers a calcareous sequence divided in four distinct
units (Barron, Larsen, et al., 1989), (Fig. 5): (1) lithologic Unit
3 (17.7 to 120.8 mbsf), (2) lithologic Unit 4 (120.8 to 254.4
mbsf), (3) lithologic Unit 5 (254.4 to 418.6 mbsf), and (4) litho-
logic Unit 6 (418.6 to 479.7 mbsf).

Lithologic Unit 3 is described as a middle Eocene and lower
Oligocene nannofossil ooze unit. Unit 4 consists of lower to
middle Eocene nannofossil ooze and chalk-bearing chert layers.
Unit 5 is a Campanian to lower Eocene chalk unit with chert
nodules. Lithologic Unit 6 corresponds to a lower Turonian to
Campanian silicified limestone. Further information about physi-
cal properties and lithology is described in Barron, Larsen, et
al. (1989) and Ehrmann (this volume). The geophysical logs
available in this hole are the same as in Hole 737B.
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Figure 2. Core recovery, geophysical logs, lithologic units, and logging units in Hole 737B (modified
from Barron, Larsen, et al., 1989). The geophysical logs consist of the total natural radioactivity, bulk
density, neutron porosity, potassium content, thorium content, uranium content, deep resistivity, and
long-spacing sonic transit time logs, acquired with the Schlumberger tools described in Ellis, 1987.
(Note: Log curve thickness corresponds to underlining in legend at top.)
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Figure 3. Core recovery, log-inferred lithologic column, lithologic units, and ages in Hole 737B. The log-inferred litho-
logic column is represented between the total radioactivity log (SGR) and the bulk density log (RHOB). The lithologic
units and the ages are from Barron, Larsen, et al. (1989).
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Figure 4. Core recovery, geophysical logs recorded, lithologic units, and logging units in Hole 738C (modified
from Barron, Larsen, et al., 1989). The geophysical logs consist of the total natural radioactivity, bulk density,
neutron porosity, photoelectric effect, potassium content, thorium content, uranium content, deep resistivity,
and long-spacing sonic transit time logs, acquired with the Schlumberger tools described in Ellis, 1987.
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Hole 742A

The logging tools did not reach the bottom of Hole 742A be-
cause of a bridge in the lower part of the drilled section (Fig. 6).
Core recovery for the entire drilled section is 53.4%. A litho-
logic interpretation from logs is proposed in this hole within the
depth interval 30.8-283.8 mbsf (Fig. 7); this depth interval cov-
ers five lithologic units (Barron, Larsen, et al., 1989): (1) litho-
logic Unit 2 (5.4 to 115.2 mbsf), (2) lithologic Unit 3 (115.2 to
134.4 mbsf); (3) lithologic Unit 4 (134.4 to 172.5 mbsf), (4) lith-
ologic Unit 5 (172.5 to 304.3 mbsf), and (5) lithologic Unit 6
(304.3 to 316.0 mbsf).

Lithologic Unit 2 is a massive diamictite unit containing the
remains of late Pliocene-Quaternary diatoms. Lithologic Unit 3
is composed of normally consolidated clayey diamictites con-
taining a 80-cm-thick diatomite layer of early to late Pliocene
age. Lithologic Unit 4 corresponds to a crudely layered diamic-
tite unit with no biostratigraphic control, Diamictites of litho-
logic Unit 5 are characterized by pale colors and a minor calcar-
eous component. Lithologic Unit 6 consists of diamictites inter-
bedded with laminated claystone; for details see Barron, Larsen,
et al. (1989) and Hambrey et al. (this volume). The logging re-
cords available in this Hole are the same as for Holes 737B and
738C.

Hole 739C

Almost all of Hole 739C was logged, between 32.0 and 468.0
mbsf (Fig. 8). A lithologic interpretation from the cores and the
logs is proposed for this logged interval (Fig. 9). Core recovery
for the entire drilled section only reaches 35.3%. The core de-
scription allowed the identification of four lithologic units (Bar-
ron, Larsen, et al., 1989; Hambrey, et al., this volume): (1) lith-
ologic Unit 2 (24.1 to 173.6 mbsf), (2) lithologic Unit 3 (173.6 to
267.2 mbsf), (3) lithologic Unit 4 (267.2 to 315.7 mbsf), and (4)
lithologic Unit 5 (315.7 to 468.8 mbsf).

Lithologic Unit 2 corresponds to an upper Miocene to lower
Pliocene or younger massive diamictite. Lithologic Unit 3 is a
stratified diamictite unit with a relatively diatom-rich layer of
early Oligocene age. Lithologic Unit 4 consists of slightly indu-
rated but friable diamictites, assigned to a lower Oligocene age.
Lithologic Unit 5 is similar to Unit 4 but is of uncertain age
(Barron, Larsen, et al., 1989).

Because of time constraints, only a limited number of geo-
physical logs were recorded in Hole 739C. The “lithologic logs,”
such as density, neutron porosity, photoelectric effect, and ura-
nium, thorium, and potassium content logs, were not acquired,
so the lithology interpretation from logs in this hole is mainly
based on the resistivity log, P-wave sonic log, and GR log.
The GR log is a radioactivity log which was recorded with the
Schlumberger gamma-ray device instead of the gamma-ray
spectrometry device used at the other holes (for details see Ellis,
1987). Calculated porosities (“PHI SON") (Fig. 10) were de-
rived from the sonic transit time log by using the Raymer-Hunt
equation (Raymer et al., 1980). We chose this method because
on-core velocity measurements have been completed parallel to
the sonic log record, and a good agreement appears to exist be-
tween the two sets of data (Barron, Larsen, et al., 1989). In the
range of porosities observed in Hole 739C (mostly less than
40%), the Raymer-Hunt equation is:

V=(-¢¥Vma+ ¢V, (1)

where V' = bulk sonic velocity in meters per second (m/s), ¢ =
porosity of formations in porosity unit (PU), ¥ma = sonic ve-
locity in matrix in m/s, and V; = sonic velocity of the fluid
contained in the porosity in m/s.

Because the general lithology is almost identical in Holes
739C and 742A and mainly consists of diamictites (Barron, Lar-

LITHOLOGIC INTERPRETATION FROM GEOPHYSICAL LOGS

sen, et al., 1989), the sonic velocity in the matrix has been in-
ferred from the neutron porosity and sonic transit time logs re-
corded at Site 742A, as proposed by Pelline (1989). The porosity
¢, computed from the sonic log, will be called “PHI SON” in
the following sections and in the figures.

METHODOLOGY

As mentioned in the “Introduction,” the most advanced ac-
tual methods for lithology evaluation from logs consist calculat-
ing the normative mineralogy changes of the sedimentary se-
quences (Herzog et al., 1987). Unfortunately this method may
not be applied in this study because it requires geochemical log
data such as silicon, iron, calcium, and other elementary com-
ponents not recorded in the Leg 119 holes. So the methodology
used for this study is the standard crossplot technique presented
as “facio sequential analysis in complex matrix” by Augier
(1980), Mathis (1988), Mathis et al. (1988), and Mathis et al.
(1989). The logged sections are divided into logging units on the
basis of gradients or of abrupt changes observed on the log rec-
ords. Most of the logging units in the present study correspond
to the main lithologic units, with slight depth differences. Each
logging curve was then carefully sampled in order to divide it
into thin depth intervals characterized by constant log values.
These thin selected depth intervals were named electrobank in
accordance with Serra (1979). Each one corresponds to a partic-
ular lithology. The thickness of the electrobanks is of the order
of 1 m, sometimes more, depending on the thickness of the lith-
ologic layers and on the vertical resolution of the logging tools.
Because the sampling rate of the logging tools is about 15 cm,
one electrobank averages about 7 log values. The logging pa-
rameter values affected by bad hole conditions are systemati-
cally discarded, as well as incorrect values resulting from tool
failures, so that the electrobanks are as representative as possi-
ble of the lithologic changes. It was not possible to process the
incorrect logging data for hole size effect because the caliper
did not work properly during Leg 119 (Barron, Larsen, et al.,
1989). The selected logging parameter values of the electrobanks
are plotted in diagrams where standard mineralogic or lithologic
poles are already plotted. The lithology of each electrobank is
determined by comparing its position with the position of the
standard lithologic poles (Augier, 1980). The lithology of an
electrobank may also be inferred from a depth interval which
exhibits similar log characteristics and which was fully sampled.
In order to be consistent with the vocabulary commonly em-
ployed by the log-analysts, we will call the lithologic facies de-
rived from logs “lithofacies” in the following sections (Serra,
1985). Two kinds of parameters are used for the final lithologic
interpretation: untreated logging parameters and calculated pa-
rameters. The untreated logging parameters used in the present
study have been described in the preceding chapter. The logging
responses are calibrated using physical and chemical parameters
measured on samples (Barron, Larsen, et al., 1989; Cranston,
chapter 20, this volume).

Equations of the M, N, and P parameters (Serra, 1985; Ellis,
1987; Schlumberger, 1988) are as follows:

M = (DTf — DT/RHOB - RHOBY) 0.01, (V)]

N = (NPHIf — NPHI)/(RHOB — RHOBY), and (3)

P = (NPHIf — NPHI)/(DTf — DT) 100, (4)

where RHOB/ = drilling fluid density in g/cm? NPHIf =

drilling fluid neutron porosity in PU, and DTf = traveltime in
borehole fluid in ps/ft.

The calculated M, N, and P parameters used are almost in-

dependent from porosity (Burke et al., 1969). At Hole 738C,
the N and P parameters were calculated using the corrected
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Figure 6. Core recovery, geophysical logs, lithologic units, and logging units in Hole 742A (modified from Barron, Larsen, et al., 1989). The geophys-
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content, deep resistivity, and long-spacing sonic transit time logs, acquired with the Schlumberger tools described in Ellis, 1987.
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NPHI and DT parameters for water effect. At Hole 739C, the N
and P parameters were calculated using the PHI SON log values
and the core bulk density measurements. A given lithology is
determined by an iterating process between different lithologic or
mineralogic crossplots. The diagrams that we used for the lithol-
ogy interpretation are standard crossplots commonly used in the
oil industry, RHOB-NPHI, RHOB-DT, N-P, PEF-N, PEF-Th/
K, SGR-U, and Th-K (Augier, 1980), but modified for the
present study in order to take into account some particularities of
the formations encountered, such as their high porosity, which
reaches 85% for some oozes. So, concurrent with the use of the
standard crossplots, we will establish the on-core density-poros-
ity crossplots in order to calibrate the log responses for the un-
known lithologies, particularly in the high porosity depth inter-
vals. The clay and opal poles, kaolinite-smectite pole (clay K-
Sm), illite-muscovite pole (clay I1-Mu), and porcellanite pole of
the different diagrams correspond to uncompacted shaley and
opal formations from all around the world (Table 1) (Augier,
1980; Serra, 1985; Ellis et al., 1988). The pure mineralogical
poles are represented in the diagrams by the symbols Ka for ka-
olinite, Mu for muscovite, Ill for illite, Cl for chlorite, Mo for
montmorillonite, KF for microcline, Q for pure quartz or pure
“sandstone,” C for calcite or pure “limestone,” and D for dolo-
mite or pure “dolomite.” The numbers 10, 20, 30, and 40 ap-
pearing along the lithologic lines in the RHOB-NPHI, RHOB-
DT, and density-PHI SON crossplots correspond to 10%, 20%,
30%, and 40% porosity values for pure limestone, sandstone
and dolomite lithologies.

RESULTS

Log-Inferred Lithology in Calcareous Sequences of the
Kerguelen Plateau Sites

Hole 737B (Fig. 3)

According to the core description the dominant lithology
within the logged section (296.5-701.0 mbsf) is essentially com-
posed of calcareous oozes and calcareous claystone with minor
content of diatoms and volcanic layers (Barron, Larsen, et al.,
1989). The carbonate content increases indeed significantly be-
low 225 mbsf where it becomes the dominant component in lieu
of the opal-A in the upper drilled sequence (Bohrmann and
Ehrmann, this volume). The density-porosity relationship avail-
able for pure calcareous lithology within the range of porosity
0%-40% (Schlumberger, 1988) may not be applied to the com-
plex high-porosity calcareous formations encountered in Hole
737B. A density-porosity crossplot from core measurements al-
lows to establish the general linear relationship for the present
high-porosity lithology (Fig. 11). The existence of a linear rela-
tionship between density and porosity beyond 40% of porosity
is also shown on the RHOB-DT crossplot (Fig. 12A). This lin-
ear relationship corresponds to a regular decay in porosity with
depth increasing as a result of the compaction of the calcareous
sediments. Because of a saturation effect of the neutron device
(Serra, 1985) the neutron porosity do not increase above 60%
(Figs. 12B and 2). However, the bulk density continues to de-
crease, which makes the RHOB-NPHI relationship not as linear
as the density-porosity relationship seen from cores (Fig. 12B).
On the RHOB-DT and RHOB-NPHI crossplots (Figs. 12A and
12B), the plotted values fall between the pole of the clays and
the line of the limestone grain density (2.71 g/cm?), confirming
the lithology from cores and suggesting the presence of a signif-
icant amount of clay in these sediments. The radioactivity is al-
most totally related to the potassium content while the contribu-
tion from the uranium and thorium content is small, except at
the top of the logged section in Hole 737B (Figs. 12C and 12D).
Moreover, the RHOB-DT and RHOB-NPHI crossplots (Figs.
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Figure 10. Comparison between in-situ calculated porosities (NPHI SON) and porosities measured on core. The in-situ calculated porosities
were computed by Pelline (1989) using the Raymer-Hunt equation (Raymer et al. 1980). The matrix velocity of the diamictites was obtained by

comparison with that known for the diamictites of Hole 742A.

Table 1. Standard lithologic and mineralogic poles.

RHOB NPHI DT GR PEF U Th K
(g/cml) (PU) (us/ft) (API) (b/e) (ppm) (ppm) (%) Th/K M N o
Standard lithologic poles
Quartz 0 (Q0) 2.65 -0.02 55.5 1.81 0.7 2 0 0.80909091 0.61818182 0.76404494
Quartz 10 (Q10) 2,48 0.08 69 0.81081081 0.62162162 0.76666667
Quartz 20 (Q20) 2.3 0.18 82.5 0.81923077 0.63076923 0.76995305
Quartz 30 (Q30) 2.15 0.28 96.5 0.80434783 0.62608696 0.77837838
Quartz 40 (Q40) 1.97 0.38 109 0.82474227 0.63917526 0.775
Calcite 0 (C0) 2 0 48 5.08 0.8245614 0.58479532 0.70921986
Calcite 10 (C10) 2.54 0.1 62 0.82467532 0.58441558 0.70866142
Calcite 20 (C20) 2.36 0.2 76 0.83088235 0.58823529 0.7079646
Calcite 30 (C30) 22 0.3 89 0.83333333 0.58333333 0.7
Calcite 40 (C40) 2.02 0.4 105 0.82352941 0.58823529 0.71428571
Dolomite 0 (D0) 2.88 0.01 43.5 3.14 0.77393617 0.52659574 0.68041237
Dolomite 10 (D10) 2.69 0.115 58 0.77514793 0.52366864 0.67557252
Dolomite 20 (D20) 2.51 0.21 72 0.77483444 0.52317881 0.67521368
Dolomite 30 (D30) 232 0.31 87 0.77272727 0.52272727 0.67647059
Dolomite 40 (D40) 2.13 0.41 101 0.77876106 0.52212389 0.67045455
Clay Ka-Sm 2.32 0.412 133 1.83 0.42424242 0.44545455 1.08
Clay 11l 2.38 0.45 106 3.45 0.60144928 0.39855072 0.6626506
Clay Ka-Fe 2.67 0.37 112 0.46107784 0.37724551 0.81818182
Porcellanite 1.55 0.465 162.5 1.15 0.48181818 0.97272727 2.01886792
Standard mineralogic poles

Opal 2.16 0.2 58 1.75 1.12931034 0.68965517 0.61068702
K-feldspar (KF) 2.56 -0.02 56 220 2.86 12 16 0.62 0.8525641 0.65384615 0.76691729
Chlorite (CI) .77 0.52 220 6.3 19 1.06779661 0.27118644 0.25396825
Muscovite (Mu) 293 0.3 65 270 2.4 24 0.64248705 0.3626943 0.56451613
Biotite 3.13 0.3 65 280 6.27 0.58215962 0.3286385 0.56451613
Kaolinite (Ka) 2.42 0.37 133 105 1.83 185 0.5 20 0.3943662 0.44366197 1.125
IMite (11} 2.53 0.3 106 280 3.45 22 6.9 2.5 0.54248366 0.45751634 0.84337349
Complex clay (Is) 4.3 6 -1.89 -1 0.52910053
Montmorillonite (Mo) 5 0.44 180 2.04 19 1.5 6 1.6875 0.5 0.2962963
Pyrite 5 -0.03 392 —0.5075 0.2575 —0.5073892

MNote: After Augier (1980), Serra (1985), and Ellis et al. (1988).

12A and 12B) show that the presence of potassium is not related
to the existence of non-clay minerals, such as K-feldspar or
other non-clay-rich potassium minerals, so the total radioactiv-
ity measurement appears as a good clay indicator in this hole.
Because no analyses are available for the clay minerals at Site
737B, the X-ray analyses provided by Ehrmann and Bohrmann
and Ehrmann (both this volume), for similar calcareous forma-
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tions encountered at Site 738C, were used in order to calibrate
the SGR log in terms of percentage of clay content. Approxi-
mately 7 GAPI units were found to correspond to a clay content
representing 10% of the dry bulk in Hole 738C (Fig. 4). The
thorium-potassium plots shown in Bateman (1985) and Schlum-
berger (1988), and employed at Hole 737B, suggest that illite
and montmorillonite are the dominant clay minerals. (Fig. 12D).
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Figure 11. Density-porosity crossplot from core measurements in Hole
737B. The densities, porosities, and the lithologic units are from Bar-
ron, Larsen, et al. (1989).

The sedimentary formations can be differentiated into 9 lithofa-
cies in Hole 737B; these nine lithofacies are spread over six ma-
jor logging units (Fig. 3).

Logging Unit 1 (296.5-318.5 mbsf)

This logging unit corresponds to the base of lithologic Unit 3
and to the top of lithologic Unit 4. The density-porosity cross-
plot from core measurements within lithologic Unit 3 (Fig. 11)
allows to differentiate two groups of plotted data, one group
with densities of about 1.4 g/cm? and porosities of 75% which
correspond to diatom nannofossil ooze, and one group with
densities of 1.7 g/cm? and porosities of 60% which corresponds
to volcanic sands or diatom nannofossil ooze mixed with vol-
canic sands. Comparatively to the core observations, alterna-
tions of relatively high and low density electrobanks, close to
the core density values, are seen on the logging curves (Fig. 2),
allowing to extrapolate the previous lithologies within the non
recovered intervals (Fig. 3). Within logging Unit 1 one lithofa-
cies (lithofacies 1) with relatively high bulk density and high ra-
dioactivity values and other lithofacies (lithofacies 2) with rela-
tively low bulk density and low radioactivity values can be dis-
tinguished (Figs. 12E and 2). The high radioactivity values,
greater than 120 GAPI units, match a high uranium and potas-
sium content and within a Th-K diagram (Fig. 12F) are close to
the field of K-feldspar. This is in agreement with the volcani-
clastic layers with a significant content of K-feldspar, as found
in the volcanic sands identified from cores (Morche et al., this
volume). The low radioactivity values match the general calcare-
ous lithology. They fall in the high-porosity region (65%) of
the RHOB-NPHI crossplot, thus indicating very uncompacted
oozes. According to the K-Th crossplot, the uncompacted ooze
appears to contain mainly montmorillonite as clay type (Fig.
12F). The presence of montmorillonite within this depth inter-
val is well correlated with a relatively high carbonate content ob-
served by Bohrmann and Ehrmann (this volume).

The following logging units (2, 3, 4, and 5) belong to the
same lithologic Unit 5 that is described as a calcareous claystone
(Barron, Larsen et al., 1989).

Logging Unit 2 (318.5-350.0 mbsf)

Logging Unit 2 is characterized by a relatively high carbon-
ate content (40% of the dry bulk), (Bohrmann and Ehrmann,
this volume). According to the physical properties measurements

LITHOLOGIC INTERPRETATION FROM GEOPHYSICAL LOGS

completed on cores, this lithologic unit appears as a low-density
(1.5 g/cm?), high-porosity (70%) unit (Fig. 11). The geophysical
logs within this depth interval, although underestimating a little
the density values (1.3 g/cm?), agree with the core measure-
ments (Fig. 12B). So the calcareous claystone lithology may be
extrapolated to the few nonrecovered intervals of this logging
unit. On the basis of the low rate of radioactivity of this forma-
tion (20 GAPI units), one can roughly estimate the clay content
to a maximum of 28.5% of the dry bulk. However, adding here
40% carbonate content plus 28.5% clay content, 100% of dry
bulk is not reached, so the remaining components have proba-
bly to be found in an unknown amount of feldspar and zeolite
clinoptilolite as detected by Borhmann and Ehrmann (this vol-
ume). Finally, logging Unit 2 is represented totally by lithofacies 3
which matches uncemented and clayey calcareous oozes (Fig. 3).

Logging Unit 3 (350.0-431.5 mbsf)

Within logging Unit 3 the radioactivity level is significantly
higher than within logging Unit 2, with a mean value ranging
around 27 GAPI on the entire unit (Fig. 2). Applying the trans-
form defined above to the SGR log, a clay content of 38.5% of
the dry bulk is estimated within this unit. The higher clay con-
tent computed from logs, between 350.0 and 431.5 mbsf, is well
correlated with the low in the carbonate content shown by Bohr-
mann and Ehrmann (this volume), thus emphasizing a clear de-
trital influence confirmed by the presence of illite (Chamley,
1989), as clearly shown on the Th-K crossplot (Fig. 13A). In
logging Unit 3, the core bulk densities range from 1.55 to 1.8
g/cm?® whereas the porosities range from 67.5% to 56.6%. Cor-
rected NPHI values for the neutron saturation effect would al-
most fall within the same area than the core data in the density-
porosity crossplot (Fig. 12B). So the general lithology defined
from the core (calcareous claystone) may be used for the nonre-
covered intervals, which are particularly frequent in this depth
interval. However, the term “uncemented and very clayey calcar-
eous ooze” will be employed for the major lithofacies (lithofa-
cies 4) instead of calcareous claystone, to take into account the
high porosity and the relatively high clay content of these for-
mations. A 2-m-thick layer with relatively low values of porosity
and sonic transit time and relative high values of density occurs
at the lower part of logging Unit 3 (426.5-427.5 mbsf) (Fig. 2).
On the RHOB-DT and RHOB-NPHI crossplots (Fig. 13B and
13C), the plotted data from this layers are shifted toward the
porcellanite pole, indicating the presence of chert layers (litho-
facies 5). The sonic velocity and resistivity values are increasing
significantly below 375 mbsf without appreciable porosity de-
crease and density increase. It suggests, however, a beginning of
lithification of the oozes in the lower part of the unit (Fig. 2),
following the same diagenetic processes described by Moore
(1989).

Logging Unit 4 (431.5-517.5 mbsf)

Compared to the previous logging unit, a distinct decrease in
radioactivity level is noted in this unit, the SGR log indicates a
decay from 25-30 GAPI to 15-20 GAPI between the two units
(Fig. 2). This radioactivity rate would be related to a maximum
clay content of about 20% of the dry bulk. The decrease in clay
content within logging Unit 4 occurs concurrently with a signifi-
cant increase of the carbonate content, up to a maximum of
80% of the dry bulk (Bohrmann and Ehrmann, this volume).
Thus, the mineralogic composition of logging Unit 4 appears
very similar to that of logging Unit 2. The main difference be-
tween the two units is a difference of compaction which is indi-
cated by lower porosities in logging Unit 4 (Fig. 2). Also the na-
ture of the clays appears slightly different from that of logging
Unit 2, according to the Th-K crossplot, the plotted data are
mostly located in the illite field (Fig. 13D). The lithofacies of
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Figure 12. Lithological and mineralogical crossplots in Hole 737B. The crossplots were used by Schlumberger (1988) and Mathis (1988). The
mineralogic and lithologic poles and fields are from Augier (1980), Serra (1985), and Ellis et al. (1988). A. RHOB-DT crossplot for the entire
logged section. B. RHOB-NPHI crossplot for the entire logged section. C. SGR-U crossplot for the entire logged section. D. Th-K crossplot for
the entire logged section. E. SGR-U crossplot for logging Unit 1. F. Th-K crossplot for logging Unit 1.

this unit is lithofacies 6 which is called moderately cemented
clayey calcareous ooze. As for the previous units, the compari-
son between the density-porosity crossplot from core and the
RHOB-NPHI crossplot allow us to extrapolate the combined li-
thology from core and logs to the few nonrecovered intervals.

Logging Unit 5 (517.5-646.5 mbsf)

Logging Unit 5 is characterized by a regular decay in the po-
rosity values, from 64% at the top to 42% at the bottom of the
unit (Fig. 2), according to the neutron measurements. The on-
core porosity measurements agree also with a porosity decay of
about 20%, from the top to the base of the unit, and with po-
rosity values measured, ranging from 50% to 30% (Fig. 11).
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The 10% shift between core and log measurements may be ex-
plained by the clay “bound-water” content which is seen as po-
rosity by the neutron device (Ellis, 1987). Because the log mea-
surements appear to be relatively consistent with the on-core
measurements, the calcaredus claystone lithology may be ex-
tended within the few nonrecovered intervals. The decay in po-
rosity in the calcareous claystone allows a definition of two
lithofacies corresponding to the transition from moderately ce-
mented and very clayey calcareous oozes (lithofacies 7) to weakly
cemented limestones (lithofacies 8) (Fig. 3). According to the
SGR log, the uppermost part of the unit, from 517.0 to 550.0
mbsf, is corresponding to a clay-rich ooze (lithofacies 7) with a
maximum of 27% clay content of the dry bulk. This clay-rich
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Figure 12 (continued).

lithofacies is well correlated with a clear decrease in carbonate
content observed by Bohrmann and Ehrmann (this volume).
The lowermost part of the unit appears to be less clayey than the
upper part, which is also in good agreement with the higher car-
bonate content observed by Bohrmann and Ehrmann (this vol-
ume). As for the preceding unit, the clay composition appears
mainly as illite type (Fig. 13E).

Logging Unit 6 (646.5-701.0 mbsf)

This unit corresponds to the base of lithologic Unit 5 (calcar-
eous claystone) and to the top of lithologic Unit 6 (clayey lime-
stone). The main characteristics of this Unit, observed from the
log records, are an abrupt decrease in porosity from 58% to
46%, and an abrupt increase in bulk density from 2.0 to 2.2
g/cm? at the top of the unit (Fig. 2). A significant increase in
bulk density and decrease in porosity is also observed from
cores with the same shift between core and log measurements
(Fig. 11). Unlike the preceding high-porosity logging units, the
density-porosity relationship proposed by Schlumberger (1988)
may be applied to the sediments of logging Unit 6. On the
RHOB-NPHI crossplot, the plotted data of Unit 6 fall between
the line of the limestone and the pole of the clays, confirming
the term clayey limestone employed in the core descriptions
(Fig. 12B). The RHOB-NPHI crossplot and the consistency be-
tween core and log measurements in the recovered intervals al-
low to extrapolate the clayey limestone to the nonrecovered in-
tervals (lithofacies 9), particularly between the top of the unit
and 675.0 mbsf where the recovery is particularly poor. The in-
crease with depth of the radioactivity rate from 10 to 25 API
suggests an increase in clay content from the top to the base of
the Unit. The plotted data of the Th-K diagram for this unit fall
mostly within the montmorillonite field (Fig. 13F).

Hole 738C (Fig. 5)

In Hole 738C, the geophysical logs allow a definition of
three major logging units clearly identifiable on the RHOB-
NPHI and RHOB-DT crossplots (Figs. 14A and 14B). In the
present study, eight lithofacies are defined from both core and
log information, within these three logging units. The core de-
scription indicates that the formations encountered within the
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logged section consist mainly of a pure carbonate sequence of
calcareous ooze, chalk, and limestone (Barron, Larsen, et al.,
1989). Indeed, the carbonate content measured by Hermann
(this volume) is close to 85% on the entire logged interval. How-
ever, the density-porosity crossplot from the core shows that the
laboratory density measurements are probably overestimated be-
cause the plotted data fall below and not on the limestone line
(Fig. 15). It also shows that it is possible to extend the linear re-
lationship between density and porosity above 45% of porosity.
In the RHOB-NPHI and RHOB-DT crossplots, the plotted val-
ues for the logged interval (113.0-455.0 mbsf) were shifted hori-
zontally toward the limestone grain density line in order to cor-
rect them for water effect (Figs. 14A and 14B). The correction
applied to the original NPHI values is —0.08 g/cm? and the
correction applied to the original DT values is —20 ps/ft. The
location of the plotted data from logging Unit 1, slightly above
the line of the limestone, in the RHOB-NPHI crossplot is due to
the saturation effect of the neutron device. The PEF values in-
crease downhole from 2.5 barns/electron (b/e) at the top of the
logged section to 5 b/e at the bottom of the logged section (Fig.
4). The PEF factor of water is 0.358 b/e whereas the calcite
PEF factor is 5.084 b/e (Lamont-Doherty Borehole Research
Group, 1988), so the decrease of the PEF values results from the
progressive loss of water with increasing depth in the calcareous
sequence. The level of radioactivity is very low in Hole 738C;
the gamma-ray record never exceeds 25 GAPI units, and the
mean level of radioactivity usually ranges between 5 and 10
GAPI units (Figs. 4 and 14C). The low radioactivity rate of the
formations in this hole suggests that they contain almost no Th,
K, and U, and thus, almost no clay, confirming the pure carbon-
ate sequence. The paucity of clay in Hole 738C, suggested by
the SGR log, is in good agreement with the clay determination
by Ehrmann and Bohrmann (this volume). The difference in
clay content between Sites 737 and 738 is clearly shown by com-
paring the lithologic crossplots from both sites (RHOB-NPHI
and RHOB-DT; Figs. 12A, 12B, 14A, and 14B).

Logging Unit 1 (113.0-250.0 mbsf)

The depth interval 113.0-250.0 mbsf defined for logging
Unit 1 almost fits with the depth interval of lithologic Unit 4
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Figure 13. Lithological and mineralogical crossplots in Hole 737B. The crossplots were used by Schlumberger (1988) and Mathis (1988). The
mineralogic and lithologic poles and fields are from Augier (1980), Serra (1985), and Ellis et al. (1988). A. Th-K crossplot for logging Units 2
and 3. B. RHOB-DT crossplot for logging Units 2 and 3. C. RHOB-NPHI crossplot for logging Units 2 and 3. D. Th-K crossplot for logging
Unit 4. E. Th-K crossplot for logging Unit 5. F. Th-K crossplot for logging Unit 6.

(120.8-254.4), which is described as calcareous nannofossil ooze
and chalk. The porosities of this interval are underestimated by
the neutron device, which reads porosity values about 10% lower
than the predicted porosities for limestones (Fig. 14A). Taking
into account this porosity overestimation, the RHOB-NPHI and
RHOB-DT plots (Figs. 14A and 14B) for logging Unit 1 show
that the lithology mainly consists of a highly porous (45% to
55%) calcareous sequence, which matches the oozes described
from the cores. Some less porous electrobanks are thought to
correspond to chalk layers. Two lithofacies are defined accord-
ing to the degree of consolidation of the calcareous sediments.
Lithofacies 1 is the highly porous calcareous ooze of the top of
the unit, whereas lithofacies 2, which is termed calcareous ooze
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and chalk, is the weakly cemented ooze, mostly encountered at
the base of unit (Fig. 4). The lowermost part of the logging unit
(180.0-250.0 mbsf) was almost not recovered by coring, but the
uniformity of the lithologic log values on the entire Unit 1 sug-
gests that no major lithologic change occurs within this depth
interval (Fig. 4). However, a slight increase in density, resistivity,
and sonic velocity with increasing depth, is observed in this log-
ging unit (Fig. 4). It indicates that more chalk layers occur in the
lowermost part of the unit. This conclusion is not confirmed by
an increase of the carbonate content toward the base of the log-
ging unit (Bohrmann. and Ehrmann, this volume), but the car-
bonate content estimation is based only on few samples within
this unit, and the consolidated carbonate-rich chalk layers were



LITHOLOGIC INTERPRETATION FROM GEOPHYSICAL LOGS

K (%
’e K (%) 25 ; - S, :
) i 2 & Log Unit6 Hole 7378
™ Log Unit5 Hole 737B
a0} N 20t
15t 15 1
= £
E 5
a =
101 : 1E 1o} 1&
i K- r_fiel 3
- -
-
0 " + - M
0 1 2 3 4 5 6 7 % 1 2 3 4 5 6 7

Figure 13 (continued).

probably not recovered by coring. Also, two depth intervals at
least (160.0-161.0 mbsf and 200.0-215.0 mbsf) presents well
correlated peaks of high velocity, low density, low porosity, and
low PEF values, which corresponds to physical characteristics
of siliceous matter (Fig. 4). These peaks are interpreted in the
present sedimentary environment as chert layers (lithofacies 3),
and as the indurated chalk layers, they probably contribute to
the bad core recovery within logging Unit 1.

Logging Unit 2 (250.0-405.0 mbsf)

Logging Unit 2 corresponds to lithologic Unit 5, which is de-
scribed as calcareous chalk. The plotted data of logging Unit 2,
although scattered, fall close to the limestone line of the RHOB-
NPHI diagram (Fig. 14A). This plot shows that the material of
logging Unit 2 is more compacted than in Unit 1, with porosity
ranges from 40% to 50% and density from 1.7 to 2.3 g/cm’.
This compaction effect is also seen on the density-porosity cross-
plot from cores, which exhibits measured density and porosity
values significantly lower than in the previous unit (Fig. 15).
The resistivity and sonic logs, which are directly related to the
porosity, stop rising with increasing depth at the top of the unit
(Fig. 4). This signifies that the overburden load is not able to ex-
pel water in this unit anymore, probably because of the lithifica-
tion of the oozes. The few cored intervals recovered within this
unit correspond to a chalk lithology, and the previous log char-
acteristics compared with the physical properties measurements
on the core enable us to extrapolate this lithology to the entire
interval. The PEF values appear significantly lower (2.5 b/e) in
the lower chalk interval (325.0-380.0 mbsf) than in the upper
chalk interval (3.0 b/e) (Fig. 4). The PEF-N crossplot (Fig. 14D)
indicates that the decrease of the PEF values in the lowermost
part of the chalk induces a shift toward the quartz and opal
poles. As multiple peaks of increase in sonic velocity are ob-
served correlating with the low PEF value intervals, it suggests
the presence of chert layers or nodules, as those described from
the cores. On the lithologic column (Fig. 5), chalk corresponds
to lithofacies 4, whereas siliceous chalk or chert layers are litho-
facies 3.

Logging Unit 3 (424.0-455.0 mbsf)

The depth interval corresponding to logging Unit 3 is de-
scribed as limestone from the cores. The continuity of the log
records allows us to characterize precisely the boundary between
logging Units 2 and 3. Unlike the gradual decrease in porosity
values between ooze and chalk in the upper logged intervals, the
NPHI log exhibits an abrupt decrease in neutron porosity from
55% at the base of the chalk unit to 27% at the top of the lime-
stone unit, attesting to a major change in the nature of the cal-
careous sequence (Fig. 4). The RHOB-NPHI and RHOB-DT
crossplots (Figs. 14A and 14B) show that Unit 3 perfectly fits
with a limestone lithology with porosity values ranging from
20% to 30%. The present depth interval was better recovered
than the previous ones, although about 50% of the material was
not recovered by cores. Because the log records do not exhibit
major changes within this depth interval, the limestone lithol-
ogy (lithofacies 8) may be extrapolated to the nonrecovered sec-
tions (Figs. 4 and 5). The relatively high transit time and poros-
ity values visible on the RHOB-NPHI and RHOB-DT diagrams
(Figs. 14A and 14B) and the low N parameter values (Fig. 14E)
would suggest a slight increase in clay content, up to 10%
within some limestone layers (lithofacies 7). On a PEF-N cross-
plot (Fig. 14E), high PEF values—greater than 5.08 b/e—occur,
thus indicating the presence of dense elements such as iron and
manganese. On the lithologic column this facies is termed ferru-
ginous or manganiferous porous limestone of lithofacies 6 (Fig.
5). As with the overlying chalk unit, peaks of decrease in PEF
values are interpreted as a minor siliceous facies, which is repre-
sented on the lithologic column by lithofacies 5.

Log-Inferred Lithology in the Glaciomarine Sequences
of the Antarctic Shelf (Prydz Bay Area)
Hole 742A (Fig. 7)

The lithology proposed from cores within the logged section
(30.8-283.8 mbsf) in Hole 742A is described as a very uniform
diamictite sequence of glaciomarine origin (Hambrey et al., this
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Figure 14, Lithological and mineralogical crossplots in Hole 738C. The crossplots were used by Schlumberger (1988) and Mathis (1988). The
mineralogic and lithologic poles and fields are from Augier (1980), Serra (1985), and Ellis et al. (1988), A. RHOB-NPHI crossplot for the entire
logged section. B. RHOB-DT crossplot for the entire logged section. C. SGR-U crossplot for the entire logged section. D. PEF-N crossplot for

the entire logged section. E. PEF-N crossplot for logging Unit 3.

volume). However, the logs appear to be in contrast with respect
to the lithology description, thus suggesting a lithology less uni-
form than that indicated from the cores (Fig. 6). The diamictites
of the Prydz Bay area are described as unsorted sediments from
various origins, usually consisting of gneissic or granitic pebbles
and blocks floating in a clayey silty-sandy matrix (Hambrey et
al., this volume). The logging tools are influenced by the vari-
ous components of the diamictites to give average responses that
integrate the elementary responses of each component. Figure 7
shows the lithologic column which results from the log interpre-
tation, and the comparison between logs and core observations.
Also shown are the NPHI and RHOB curves which are not cor-
rected for hole size effect. This is only a matter of representa-
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tion, because we think that these original curves, as a result of
the cave effect, emphasize the contrast between hard and soft
layers and between compacted and less compacted units. How-
ever, the data plotted in the various lithologic crossplots, and
used to define the final lithofacies, were selected within depth
intervals where the hole was not enlarged.

The core density-porosity crossplot shows the linear relation-
ship between these two parameters in the diamictite, within the
15%-45% porosity interval (Fig. 16). The plotted data, of the
diamictites, mostly fall on the dolomite line of the RHOB-
NPHI crossplot (Fig. 17A), whereas they fall on and in the vi-
cinity of the kaolinite-smectite clay pole in the RHOB-DT cross-
plot (Fig. 17B). These data plot close to the montmorillonite
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Figure 15. Density-porosity crossplot from core measurements in Hole
738C. The densities, porosities and the lithologic units are from Barron,
Larsen, et al. (1989).

pole and field of the PEF-Th/K diagram and the Th-K dia-
grams, respectively (Figs. 17C and 17D). The large amount of
radioactive elements, coming from the erosion of the metamor-
phic basement, gives a high general radioactivity to the glacial
sediments, which is always greater than 80 GAPI units on the
SGR log and usually ranging between 110 and 140 GAPI units
(Figs. 17E and 6); it is thus impossible to infer the clay content
of these formations from the SGR log. However, the compari-
son between the log records, and particularly the porosity logs,
with the granulometry curves from Hambrey et al. (this vol-
ume), will in some cases give qualitative information about the
clay content of the diamictites. The diamictites have a constant
PEF value of 2.5 b/e, except in the lower logged section where
the lithodensity tool responses were severely influenced by cav-

LITHOLOGIC INTERPRETATION FROM GEOPHYSICAL LOGS

Porosity In Pu
0.0 0,1 0,2 0.3 0,4 0,5

Lithologic Unit 1
Lithologic Unit 2
Lithalogic Unit 3
Lithologic Unit 4
Lithologic Unit
Lithologic Unit &

Density glem3
O+ o m e B8

27F Hole 742A 1
28 i L s L

Figure 16. Density-porosity crossplot from core measurements in Hole
742A. The densities, porosities, and the lithologic units are from Bar-
ron, Larsen, et al. (1989).

ing (Fig. 6). Granito-gneissic-rich debris layers are characterized
by high thorium and potassium contents that commonly exceed
the theoretical content of the clay fields (Fig. 17D). These layers
also show strong PEF values that are likely related to a signifi-
cant iron content (Fig. 17F).

At Hole 742A, logs allow the identification of eight lithofa-
cies spread over four logging units (Fig. 7). The RHOB-NPHI
and RHOB-DT crossplots for the entire logged section (Figs.
17A and 17B) and the shape of the logging curves (Fig. 6) allow
differentiation of two main kinds of diamictites at Hole 742A
(Fig. 7). The first type matches massive highly compacted diamic-
tites (lithofacies 5) with porosities ranging from 25% to 35%
(logging Unit 1, 33.8-117.7 mbsf, and logging Unit 3, 140.8-
172.8 mbsf). The second type of diamictites matches stratified
diamictites (lithofacies 4) with porosities greater than 35% (log-
ging Unit 2, 117.7-140.8 mbsf, and logging Unit 4, 172.8-253.8
mbsf). On the RHOB-NPHI and RHOB-DT diagrams the plot-
ted data corresponding to logging Units 1 and 3 are grouped,
whereas the plotted data corresponding to logging Units 2 and 4
are scattered, thus emphasizing the difference between the rela-
tively homogeneous composition of the compacted diamictites
and the variable composition of the stratified diamictites (Figs.
17A and 17B).

Logging Unit 1

Logging Unit 1 matches lithologic Unit 2, which is described
as homogeneous and massive diamictite by Hambrey et al. (this
volume). The logging parameters within this poorly recovered
depth interval remain fairly constant, which indicates no major
lithologic change (Fig. 6). So, we proposed to extrapolate the
massive diamictite lithology to the entire unit (lithofacies 4).
Within the massive diamictite a secondary facies characterized
by high thorium and potassium contents can be distinguished
(Fig. 17D). This secondary facies (lithofacies 6) is thought to
consist of diamictites containing numerous pebbles and blocks
of metamorphic and granitic origin, as confirmed by the num-
ber of clasts found in the few recovered cores.

Logging Unit 2

According to the logs, the stratified diamictite sequence of
Unit 2 is more heterogeneous than that of Unit 1 (Fig. 6). It is in
good agreement with the observations of the cores (Hambrey et
al., this volume). With respect to logging Unit 1, a significant
increase in porosity, from at least 10% according to the NPHI
log, occurs within logging Unit 2. We can note that this increase
in porosity value influences all the log records (sonic log, den-
sity log, resistivity log, and neutron porosity log). By comparing
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Figure 17. Lithological and mineralogical crossplots in Hole 742A. The crossplots were used by Schlumberger (1988) and Mathis (1988). The
mineralogic and lithologic poles and fields are from Augier (1980), Serra (1985), and Ellis et al. (1988). A. RHOB-NPHI crossplot for the entire
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the log curves with the sand/mud-ratio curve provided by Ham-
brey et al. (this volume), one notices that the increase in poros-
ity is closely related to a decrease in the mean grain size of the
diamictites, which appear mainly as muddy diamictites within
this interval. The increase in porosity related to fine muddy ma-
terial suggests a clay-rich-diamictite unit (lithofacies 5). The
presence of a clay-rich-diamictite facilitates the washout of the
hole during drilling, which explains the numerous caves identi-
fied within this interval. The unit contains some layers rich in
thorium and potassium, thus indicating the presence of higher
amounts of granitic components (Fig. 18A). The recovery of
one 62-cm boulder of gneiss and several individual cobbles
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within logging Unit 2 (Hambrey et al., this volume), suggests
that in the nonrecovered interval the rich thorium and potas-
sium electrobanks may be interpreted as boulders. Locally, in-
durated diamictite layers, having the same characteristics than
those from Unit 1 and N parameters ranging from 0.5 to 0.6,
are also interbedded in this unit (Fig. 18B). Minor lithologic fa-
cies are also identified within Unit 2. Ferruginous diamictites
corresponding to lithofacies 8 are identified on the PEF-N cross-
plot in the region of high PEF values (Fig. 18C). Plotted data
falling close to the opal pole on the N-P, PEF-N, and RHOB-
DT crossplot (Figs. 18B, 18C, and 17B) suggest the presence of
few diatomite layers (lithofacies 1) within Unit 2.
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Figure 17 (continued).

Logging Unit 3

Logging Unit 3 corresponds to lithologic Unit 4 (Hambrey et
al., this volume), and is described as a massive diamictite. Ac-
cording to logs, the compacted diamictite Unit 3 shows very lit-
tle lithologic variations; it consists mainly of lithofacies 4 (Fig.
7). One can distinguish only one secondary lithofacies (lithofa-
cies 6), previously identified as diamictites rich in basement peb-
bles (Fig. 18D).

Logging Unit 4

On the logs, the stratified diamictite of Unit 4 looks very
much like those of Unit 2 (Fig. 6). In particular, the top of the
unit (175.0-205.0 mbsf) exhibits a significant increase in poros-
ity, well correlated with a decrease of the sand/mud-ratio (Ham-
brey et al., this volume), which suggests a clay-rich diamictite
interval (lithofacies 5). In the lowermost part of logging Unit 4,
from 205.0 to 233.3 mbsf, the diamictites have mostly the same
log characteristics as those described for lithofacies 3. Besides
these compacted diamictites representing the major lithologic
facies, some slight differences appear in the secondary and mi-
nor lithologies. Sand or sandy diamictite layers occur here as a
significant lithology and form an important secondary lithofa-
cies (lithofacies 2). These sandy layers are characterized by high
sonic transit time values, low density values, and high porosity
values resulting in abnormally low values of N parameters (Figs.
17B and 17F). A good example of this kind of lithology is a 15-
m-thick layer between 215.0 and 230.0 mbsf on the lithologic
column that was not recovered by coring (Fig. 7). In addition to
the minor lithologies recognized within Unit 2, some slightly
calcareous diamictites appear here, characterized by higher PEF
values correlated to weaker sonic transit times (lithofacies 7)
(Figs. 17B and 17F). No diatomite layers such as those found in
Unit 2 were identified within this unit.

Hole 739C (Fig. 9)

As for Hole 742A, the density-porosity crossplot from core
data at Hole 739C indicates a clear linear relationship between
these two parameters (Fig. 19). Four logging units were distin-
guished in Hole 739C. On these four units, five lithofacies were

F

defined on the basis of comparisons between the mineralogic
and the lithologic crossplots and the core descriptions (Fig. 9).
The lithologic column shown on Figure 9 is represented between
the GR log and the PHI SON log. In order to provide some lith-
ologic information within the nonrecovered intervals, and as no
density logs are available at this site, the core densities have
been used in the lithologic crossplots combined with the log
data. On the core density-PHI SON and core density-DT cross-
plots (Figs. 20A and 20B), the plotted data of the diamictites
fall in the same regions than those of the RHOB-NPHI and
RHOB-DT crossplots at Hole 742A (Figs. 17A and 17B). As in
Hole 742A, the grouped data in the density-NPHI SON cross-
plot and in the density-DT crossplot correspond to massive,
highly compacted diamictites (logging Units 2 and 4), whereas
the scattered ones correspond to less compacted stratified diamic-
tites (logging Units 1 and 3).

Logging Unit 1 (32.0-110.0 mbsf)

The dominant facies of this logging unit is characterized by
relatively high calculated porosity values (PHI SON), ranging
around 40% (Fig. 10). Within this depth interval, the core po-
rosity does not fit at all with the calculated porosity from the
sonic log which is systematically about 10% higher. This may be
due to the small number of available core data, which probably
are not representative to the porosity of the entire interval. In
order to obtain the lithologic crossplots (Figs. 20A and 20B),
the few core density measurements available for the present
depth interval were extrapolated to the entire interval, The data
were plotted on this diagram in the same area as for Units 2 and
4 of Hole 742A.. For this very poorly recovered section we pro-
pose the general term of less-compacted stratified diamictites
(lithofacies 1) in accordance with Hole 742A. The term strati-
fied is suggested within the lower part of the unit by the alterna-
tions visible on the log curves (Fig. 8). Within the alternating
zone, the peaks of high radioactivity suggest the presence of
metamorphic and granitic blocks and pebbles (lithofacies 2).

Logging Unit 2 (110.0-175.0 mbsf)

According to the core description, logging Unit 2 (110.0-
175.0 mbsf), which was almost completely recovered, consists
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Figure 18. Lithological and mineralogical crossplots in Hole 742A. The crossplots were used by Schlumberger (1988) and Mathis (1988). The
mineralogic and lithologic poles and fields are from Augier (1980), Serra (1985), and Ellis et al. (1988). A. Th-K crossplot for logging Unit 2. B.
N-P crossplot for logging Unit 2. C. PEF-N crossplot for logging Unit 2. D. Th-K crossplot for logging Unit 3. -

mainly of massive diamictites. On the logs, and by comparison
with the previous logging unit, the material of logging Unit 2
looks considerably more homogeneous (Fig. 20C). The porosity
values drop abruptly, suggesting highly compacted diamictites
(lithofacies 3) in this unit (Figs. 8 and 10). A minor lithology
identified at 141.1 mbsf is characterized by high transit time,
low resistivity, high porosity values, and an abrupt drop in ra-
dioactivity (Figs. 8 and 20C). The log characteristics of this
layer suggest a lithology (lithofacies 5) significantly different
than the surrounding one, probably consisting of more sandy
material. The core density-PHI SON and N-P plots for logging
Unit 2 are similar to the ones established for logging Units 1 and
3 of Hole 742A (Figs. 20C and 20D).
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Logging Unit 3 (175.0-315.0)

In logging Unit 3, the logging curves exhibit shapes corre-
sponding to peaks and gradients related to contrasting litholo-
gies (Figs. 8 and 10). The general porosity level increases signifi-
cantly within this unit, except between 200.0 and 225.0 mbsf
(Fig. 4). The increases in porosity within the unit are well corre-
lated with the decreases of the sand/mud-ratio observed by Ham-
brey et al. (this volume). As for Hole 742A, it suggests a clay-
rich diamictite interval (lithofacies 4). Also, the general radio-
activity level decreases significantly within the unit, probably in-
dicating a major change in the source material of the diamicti-
tes (Fig. 8). On the core density-PHI SON plot, the data of Unit
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Figure 19. Density-porosity crossplot from core measurements in Hole
739C. The densities, porosities, and lithologic units are from Barron,
Larsen, et al. (1989).

3 fall in the same area as those in the Unit 1 (Figs. 20A and
20B), which suggests a general lithology similar to the stratified,
less-compacted diamictites of Unit 1. However, a compacted
diamictite bank (200.0-225.0 mbsf) is interbedded within un-
compacted diamictite in Unit 3 (Fig. 8). The lithologic changes
in Unit 3 are due in part to the presence of low-radioactivity lay-
ers and low-porosity layers, which are thought to correspond to
sandy diamictites or sand layers (lithofacies 5) (Fig. 8).

Logging Unit 4 (315.0-468.0)

Within logging Unit 4, the core density-PHI SON plot (Fig.
20E) allows identification of two lithofacies: one major lithofa-
cies with low porosity ranging from 25% to 35%, and a second
minor facies with porosities greater than 35%. By comparison
with the few cored intervals, this major lithologic facies would
correspond to massive unstratified, poorly sorted diamictites
(lithofacies 3). A minor facies, with high porosities was not
sampled (Figs. 8 and 9) and is thought to correspond to sandy
diamictites or sand layers. Strings of high radioactivity at the
base of the unit are interpreted as boulder- or pebble-rich-base-
ment pebble layers.

DISCUSSION

Hole 737B

Within logging Unit 1 the shape of the logging curves con-
firms the turbiditic origin of the silt layers as suggested by the
cores: the sharp contact at the base of the electrobanks is char-
acteristic of strong and exceptional sedimentary events (Serra,
1985) (Fig. 2).

Only the relatively uniform lithologic Unit 5, described as a
calcareous claystone unit, was identified from the cores between
321.1 and 677.9 mbsf, whereas four units were distinguished
from logs within this depth interval (logging Units 2, 3, 4 and 5;
Fig. 3). These four logging units mainly represent gradual steps
in the decrease of the porosity values with increasing depth,
which corresponds to the diagenetic transformation of the cal-
careous oozes into limestones. This process is usually progres-
sive; however, it may also appear abruptly, as within Unit 3
(377.5 mbsf), where a jump on the log record is due to an
abrupt decrease in the porosity value (Fig. 2). The diagenetic
front identified within logging Unit 3 corresponds to the time
boundary between the early Oligocene and the late Oligocene
and may represent a short hiatus (Barron et al., chapter 46, this
volume). The differences in the clay content and nature of the
studied logging units also reveal information about the detrital
influences within the calcareous biogenic deposits. The maxi-
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mum arrival of detritus seems to have occurred mainly during
the middle Miocene (logging Unit 1), and during the end of the
early Oligocene and the beginning of the late Oligocene (logging
Unit 3). The minimum of detrital influence seems to have oc-
curred in the middle Eocene (logging Unit 6).

Hole 738C

The detrital influence in Hole 738C within the logged section
appears to be minimum, unlike in the previous hole. The log-in-
ferred clay content is near 0%. The lithology inferred from logs
is divided into three logging units which fit perfectly with the
description from cores. However, the logs in this hole supple-
ment the core description because the recovery was rather in-
complete during the drilling operations (57.6%) (Barron, Lar-
sen, et al., 1989). This is particularly the case in the lower part
of the calcareous ooze unit and in the upper part of the chalk
unit. The logs do not enable us, in this hole, to resolve with ac-
curacy the siliceous lithology; however, some chert layers or sili-
ceous chalk intervals are identified on the lithologic plots, but
the in-situ geochemical information is tremendously lacking for
a better interpretation. The vertical resolutions of the tools are
also probably too low to resolve centimeter-scale chert layers
and nodules.

Hole 742A

The four logging units defined from logs in Hole 742A cor-
respond to the four lithologic units described from the cores
(lithologic Units 2, 3, 4 and 5). The log interpretation empha-
sizes the lithologic differences between highly compacted diamic-
tites (logging Units 1 and 3) and less compacted diamictites (log-
ging Units 2 and 4). The comparison between the porosity log
and the sand/mud ratio from Hambrey et al. (this volume) con-
firms the correlative increase in clay content of the diamictites
with increasing porosity (Solheim et al., chapter 8, this volume).
The clay-rich diamictites mostly correspond to the stratified in-
tervals, whereas the diamictites with less clay match the massive
intervals. The “pipe” shape of the log-inferred lithologic col-
umn within the highly compacted diamictites indicates a mas-
sive deposit, consisting of pebbly mudstone with the same char-
acteristics from the base to the top of the unit (Fig. 7). The logs
within the less compacted diamictites exhibit alternations corre-
sponding to a varied lithology (pebble layers, diatomites, and
indurated diamictites) and to porosity gradients (from non-in-
durated to indurated lithologies). So, although the sedimentary
source is identical for both kinds of units (Antarctic, metamor-
phic, and granitic basement sediments), as revealed by the uni-
formity of the PEF log, the differences in the organization and
in the texture of the two kinds of units suggest two kinds of sed-
imentary processes. The massive diamictites correspond to what
Edward (1978) calls unstratified till, which is usually thought to
have been deposited in the proximal area of the glacial system at
the base of a grounded glacier. The less compacted ones, termed
stratified tillites by Edward (1978), are typically of a glaciomarine
origin and were deposited seaward of the previous deposits (Fig.
21). The physical characteristics of the stratified diamictites have
already been reported by Easterbrook (1964), who described
these as lower-density and higher-porosity sediments than the
proximal glacial sediments, which is in good agreement with the
present log data. From seismic interpretations (Cooper et al.,
this volume), lithologic Units I, II, and III correspond to flat
shelf reflectors, whereas Unit IV corresponds to steep slope re-
flectors. The presence of sands in logging Unit 4 would confirm
these slope facies. However, it is interesting to note that the seis-
mic data only enable us to identify one unit PS1, whereas cores
and logs allow the recognition of three distinct units (logging
Units 2, 3, and 4). The physical characteristics of the sediments,
such as density and sonic transit time, change tremendously at
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Figure 20. Lithological and mineralogical crossplots in Hole 739C. The crossplots were used by Schlumberger (1988) and Mathis (1988). The
mineralogic and lithologic poles and fields are from Augier (1980), Serra (1985), and Ellis et al. (1988). The densities measured on core are from
Barron, Larsen, et al. (1989). A. Density measured on core and porosity calculated from sonic transit time log (PHI SON) crossplot for the en-
tire logged section. B. Density measured on core and DT cross-plot for the entire logged section. C. Density measured on core and PHI SON
crossplot for logging Unit 2. D. N-P crossplot for logging Unit 2. E. Density measured on core and PHI SON crossplot for logging Unit 4.

the top and the base of logging Unit 2 (Fig. 6), causing the ex-
pectation of strong seismic reflectors at the boundaries of this
unit. One possible explanation is that logging Unit 2 is not very
thick (only 30 m), which is beyond seismic resolution. The litho-
logic column inferred from the logs would suggest at least one
episode of grounding activity, followed by the deposition of
stratified till related to marine conditions during the Pliocene
ages. From the late Pliocene to Quaternary the region seems to
have been glaciated again as shown by the presence of the mas-
sive diamictite of Unit 1.
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Hole 739C

Although only few logs were acquired in Hole 739C, they al-
lowed us to propose a relatively realistic lithologic interpretation
by comparison with the recovered core intervals and the litho-
logic column in Hole 742A. As in Hole 742A, the lithologic col-
umn consists mainly of a sequence of massive diamictites de-
posited at the base of the glacier and less compacted diamictites
deposited in seawater. Also, as in the preceding hole, the clay-
rich diamictites appear to be located in the less-compacted,
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Figure 20 (continued).

stratified intervals. Due to the lack of core recovery within the
top of the drilled section, the core description failed to identify
the lithology in logging Unit 1. This unit corresponds to moder-
ately compacted and stratified diamictites (Fig. 9) and was not
recognized by the seismic interpretation (Cooper et al., this vol-
ume). In Hole 739C, as in Hole 742A, flat shelf glacial deposits
(units 1 and 2) overlie slope deposits (units 3 and 4) (Cooper et
al., this volume). Taking into account the relatively short dis-
tance between the two holes (30 km), fairly good correlations
may be proposed between the upper horizontal units between
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- ;?_f < & g“c‘ 3 3 o
< Basal till < &gidh i

Sediment-laden fresh SR
meltwater T

LITHOLOGIC INTERPRETATION FROM GEOPHYSICAL LOGS

the logging units. Upper Miocene to Pliocene Units 2 and 1 in
Hole 739C would correspond respectively to Pliocene Units 3
and 2 in Hole 742A. Upper Pliocene to Quaternary logging
Unit 1 in Hole 742A does not appear to exist in Hole 739C.
These correlations suggest that grounding ice reached at least
the location of Hole 739C in the late Miocene-early Pliocene,
whereas in the late Pliocene the grounding line did not even
reach Hole 742A or deposits were subsequently eroded away.
Between the late Pliocene and the Quaternary the grounding
line reached the location of Hole 742A.

CONCLUSIONS

In both the glacigenic and biogenic areas studied, the inter-
pretation of geophysical log data compared to the core data al-
lowed us to infer comprehensive lithologic columns. Although
sometimes the log interpretations are still questionable because
of the lack of certain kinds of logs, or because of the poor qual-
ity of some of these logs, these interpretations improve signifi-
cantly the knowledge of the sedimentary sequence in the nonre-
covered intervals. From a methodologic point of view, the com-
parison between the bulk density-porosity crossplots from logs
and cores allowed us to establish the relationships between these
two parameters in the particular lithologies encountered and for
the poorly known high porosity intervals.

The results of this study confirm and supplement the de-
scription from the cores. In the Kerguelen Plateau holes, the
lithologic interpretations from the cores already provided an al-
most complete lithologic column, but the logging interpretation
brings further quantitative information about the shaliness and
the porosity of the formations. In Hole 737B, six calcareous
logging units, from the middle Eocene to middle Miocene, were
differentiated on the basis of their shaliness and porosity. The
logs show that the illite content, which is related to detrital in-
fluence (Chamley, 1989), is maximum in the lower to upper Oli-
gocene, whereas it is minimum in the middle Eocene. In Hole
738C, three lithologic units of the Campanian-late Eocene, con-
sisting of calcareous oozes, chalk, and limestones, were recog-
nized from both logs and cores. Despite the very bad recovery in
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Figure 21. Depositional environment of grounded and marine tillites (after Edward, 1978).
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the Maestrichtian to lower Eocene interval, it was possible on
the basis of logs in this hole to follow precisely the transforma-
tion of oozes into chalk. In both Kerguelen Plateau holes diage-
netic fronts were identified from in-situ physical measurements.
These two fronts are located within the very clayey calcareous
ooze at the boundary between the upper and the lower Oligo-
cene in Hole 737B, and at the boundary between lower Eocene
ooze and chalk in Hole 738C. In the Antarctic Shelf holes, the
logs allow us to distinguish compacted massive diamictite units
from less-compacted, stratified diamictite units. The compacted
diamictites are seen as lodgement tills, whereas the less com-
pacted ones were deposited in seawater (Hambrey et al., this
volume). The comparison of the logging units with the seismic
data (Cooper et al., this volume) shows that the logging Units 1,
2, and 3 in Hole 742A and logging Units 1 and 2 in Hole 739C
correspond to flat reflectors (PS1), whereas logging Unit 4 in
Hole 742A and logging Units 3 and 4 in Hole 739C correspond
to slope reflectors (PS2). According to the logs, the depth inter-
vals corresponding to the inclined reflectors have a general li-
thology different from the horizontal ones; sand layers occur,
interbedded with clay-rich diamictites, suggesting distal deposits,
which is in good agreement with a slope environment. The cor-
relations between the two holes, based on the logs, indicate that
at least one grounding glacier reached the location of Hole
739C in the late Miocene-early Miocene. In the late Pliocene,
ice recession seemed to have occurred landward beyond the lo-
cation of Hole 742A. Between the late Pliocene and the Quater-
nary age, the grounding line again reached Hole 742A.
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