
Pisias, N.G., Mayer, L.A., Janecek, T.R., Palmer-Julson, A., and van Andel, T.H. (Eds.), 1995
Proceedings of the Ocean Drilling Program, Scientific Results, Vol. 138
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FROM LOGGING DATA1
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ABSTRACT

We calculate equations relating three different log-derived calcium carbonate estimates to laboratory measurements. Results
indicate good correlations between the log and laboratory data sets, supporting the use of log data to derive carbonate stratigraphies.
The best log estimate of laboratory values was generated from normalized yields of calcium, a method that can be completed on
board ship. This method has the added advantage of providing the opportunity to guide shipboard sampling of the cores.

Limitations of log methods result from potential depth mismatches, differences in the volumes measured, and the fact that
logging tools and laboratory equipment are measuring different components of calcium carbonate (laboratory measurements are
acid-soluble carbonate; log measurements are total calcium). Another limitation of using log data to estimate calcium carbonate
is that log measurements alone cannot predict carbonate values directly. Some laboratory data are necessary to develop the
regression equations that relate log data to CaCO3.

INTRODUCTION

Calcium carbonate (CaCO3) stratigraphies in the equatorial Pacific
have been demonstrated to provide invaluable information about pale-
oceanographic and paleoclimatic events on both long and short time
scales. Variability in calcium carbonate content has been correlated
with changes in productivity and bottom-water chemistry (e.g., Farrell
and Prell, 1989; Lyle et al., 1988; Pedersen, 1983). However, develop-
ment of accurate, long-term, high-resolution calcium carbonate stra-
tigraphies has been hampered by poor core recovery and the time and
monetary constraints associated with laboratory analyses.

Calcium carbonate stratigraphies developed from log data, on the
other hand, present several obvious advantages. Logging is fast and,
therefore, more efficient, relative to laboratory calcium carbonate anal-
yses (even considering post-cruise processing of the log data). Even
more importantly, log data are continuous, and represent data through-
out the length of the borehole, including regions of poor core recovery
and/or intervals in which core depth assignments are uncertain.

Although comparisons of in-situ values of various physical prop-
erties obtained by geophysical logging and laboratory measurements
have been of interest throughout the life of the Ocean Drilling Pro-
gram (e.g., Jarrard et al., 1989; Pratson et al., 1993; Urmos et al.,
1993) and are becoming a major research focus, less research has
been devoted to correlation of geochemical logging data and labora-
tory chemistry measurements. Correlation studies in the sediment
column exist, but are few (Anderson et al., 1990; Broglia et al., 1990;
Jarrard and Lyle, 1991). The reasons for the paucity of geochemical
comparison studies is not necessarily a lack of interest, but may be
related to the difficulty associated with extraction of elemental con-
centrations from the geochemical log data.

The goal of this research is to develop calcium carbonate stratig-
raphies from the geochemical (calcium) log. We use data available
during the cruise (with minimal processing) and data from more
sophisticated post-cruise processing. Geochemical log-derived cal-
cium carbonate stratigraphies have a theoretical advantage over stra-
tigraphies developed from log density measurements (see, for exam-
ple, Mayer [1979] for a full discussion of the use of density measure-
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ments to estimate calcium carbonate), because the geochemical log
response is generated directly by the calcium present in the formation.
Here, we explore the possibility of obtaining calcium carbonate stra-
tigraphy from the log data using several techniques, investigate their
accuracy (using laboratory-derived values as the standard), and dis-
cuss the limitations of these methods.

METHODOLOGY

We investigated two possible methods for estimating calcium
carbonate content from geochemical log data. The first method uses
calcium estimates generated by post-cruise processing of the geo-
chemical log data. The second calculates calcium carbonate values
from normalized values of shipboard elemental yields. Virtually all
calcium carbonate stratigraphies currently available have been devel-
oped from laboratory coulometry. Therefore, we use coulometer-
derived calcium carbonate as the standard against which we compare
the log estimates.

We chose Hole 846B for our comparison study. Site 846, at ap-
proximately 3°5.7'S, 90°49.1'W, is beneath a region of complex cur-
rents, where the South Equatorial Current interacts with upwelling
waters from the Equatorial Undercurrent, on the southern edge of the
Carnegie Ridge (Fig. 1). The overall recovery rate in Hole 846B is
88%, and in most cores above 350 mbsf, recovery approaches 100%.
Sediments are dominated by pelagic biogenic components, calcium
carbonate (primarily nannofossils), and siliceous oozes. These depos-
its, which essentially constitute a two-phase system, are particularly
well-suited for this study; they are characterized by a wide range of
calcium carbonate contents, with only minor amounts of detrital ter-
rigenous material. We chose seven cores (138-846B-27X through
-33X) for a detailed comparison of log and laboratory data. Core
recovery was excellent in this interval, ranging from 86.2% to 107%
and averaging 99.2%, with only one core (138-846B-27X) having less
than 95% recovery. In addition, the chosen interval encompasses the
entire range of calcium carbonate values encountered during Leg 138
and exhibits variability on scales from less than 1 m to tens of meters.

Correlation of Laboratory Depth Scale

Because coring and drilling may result in stretching and squeezing
of the recovered sediment, core and log depths may not be identical,
even if recovery approaches 100%. Consequently, to ensure compari-
son of calcium carbonate estimates of the same depth intervals, we
used CORPAC (Martinson et al., 1982) to adjust laboratory measure-
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Figure 1. Base map showing the location of Hole 846B.
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ment depths to the log scale. Laboratory GRAPE density values were
compared with density values obtained by geophysical logging. Dis-
tinctive, prominent features in the laboratory data set were tied to
similar features in the log density and the measurement depths were
changed to correspond with the log depths. The GRAPE sample spac-
ing is approximately 2 cm; log data, which are reported each 15.24
cm, represent averages over approximately 50 cm (see "Explanatory
Notes" chapter in Mayer, Pisias, Janecek, et al., 1992). Therefore,
fine-scale adjustments are possible.

Results of the correlation analysis for the entire 70-m section are
shown in Figure 2. Not only do the major peaks in the data sets match
well, but small (<5 m) variations also correlate. A 20-m subsection of
the longer data set (Fig. 3) confirms the validity of the correlation
analysis. Several sections occur that do not correlate well, but in gen-
eral, the match is excellent. We attribute most of the anomalously low
GRAPE densities to high concentrations of siliceous microfossils
(e.g., in the interval from approximately 290 to 305 mbsf) The
GRAPE calibration standard is aluminum (e.g., Boyce, 1976), which
has a density similar to that of calcium carbonate and aluminosili-
cates, but which is higher than biogenic silica. All laboratory mea-
surements presented here are reported at the log-corrected depths.

Laboratory Calcium Carbonate Measurements

Laboratory calcium carbonate was measured on samples spaced at
intervals of approximately 15 to 30 cm from 245.2 to 312.4 mbsf (core
depths; Cores 138-846B-27X to -33X) using a Coulometrics carbon
dioxide coulometer. Both shipboard measurements and post-cruise
analyses are included in the laboratory data set. Samples react with acid
(perchloric, in this case) and carbon dioxide gas is evolved. The carbon
dioxide is absorbed into a colorimetric solution that changes color as it
reacts with the carbon dioxide. The solution is titrated back to its orig-
inal color with a base, the volume of which is proportional to the con-
centration of carbon dioxide. The weight percent of the acid soluble
carbonate can then be calculated from the carbon dioxide concentra-
tion and the sample weight (e.g., Huffman, 1977). The largest source
of error in these measurements results from weighing the samples. We
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Figure 2. Log-derived and laboratory GRAPE density (correlated to log scale)
vs. depth in the comparison interval, from 240 to 320 mbsf.
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Figure 3. Log-derived density and laboratory GRAPE density (correlated to
log scale) vs. depth in the interval from 270 to 290 mbsf.

used a Mettler balance accurate to 0.0001 g. Post-cruise analyses
included frequent calibration of the coulometer (approximately one
calibration per 25 samples). All carbonate is assumed to be in the form
of calcium carbonate. Precision of these measurements is ±0.1% cal-
cium carbonate.

Geochemical Logs

Raw geochemical log data consist of yields of natural gamma-ray
emissions from thorium, uranium, and potassium, recorded by the
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Figure 4. Raw (unprocessed) log yields of calcium and laboratory values
of calcium carbonate vs. depth in the comparison interval. Dashed line =
unprocessed log yields, and square data points (connected by solid line) =
laboratory data.

natural gamma-ray tool (NGT), and those induced by neutron activa-
tion of sediments, recorded by the geochemical spectroscopy tool
(GST). Elements that are detected by the GST are silicon, iron,
calcium, titanium, sulfur, gadolinium, hydrogen, and chlorine. Typi-
cally, yields are normalized, so that the total gamma-ray yield from
these elements sums to one. In addition, aluminum can be detected by
the aluminum clay tool (ACT). Recent improvements in logging
equipment (e.g., inclusion of a boron sleeve that reduces the anoma-
lous dominance of chlorine over other elements) and post-cruise pro-
cessing have improved the accuracy and, therefore, the potential use-
fulness of geochemical log data.

We use the geochemical log data to calculate three estimates of
calcium carbonate. The first is obtained from unprocessed data avail-
able on board the ship; these are "raw" calcium yields and are not
expressed as concentrations; the second is generated by the standard
geochemical post-cruise processing completed by the Borehole Re-
search Group at Lamont-Doherty Earth Observatory. The latter is dis-
cussed in detail in Billeaud et al. (this volume). The Schlumberger geo-
chemical logging tool string provides shipboard measurements of ele-
mental yields of 12 elements. The only major rock-forming (i.e, solid
phase) elements not detected are magnesium and sodium. Although an
estimate of the sum of magnesium + sodium can be obtained during
post-cruise processing (Hertzog, 1987), inclusion of this estimate gen-
erally reduces the accuracy of the log data (E. Pratson, pers. comm.,
1993). Post-cruise processing includes corrections for hole size changes,
natural activities, interference, and potassium contained in the drilling
mud. Estimates of the oxide weight percents are summed to 100%.

The third procedure estimates calcium as the relative percentage
in the sum of raw (i.e., shipboard) elemental yields of calcium, sili-
con, iron, and sulfur. In other words, normalized calcium = calcium
yield/(calcium + silicon + iron + sulfur) yields.

The pelagic nature of Leg 138 deposits and small concentrations
of terrigenous material led us to assume that all calcium detected by
the logging tool exists as biogenic calcium carbonate. The validity of
this method rests on the assumption that these four elements represent
the only important rock-forming elements in the sediments investi-
gated. Other major rock-forming elements, aluminum and potassium,
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Figure 5. Raw (unprocessed) log yields of calcium vs. laboratory values of
calcium carbonate in the comparison interval.

are found primarily in detrital clays that are present in small quantities
in these sediments. Therefore, we are reasonably certain that our
assumption is appropriate in these sediments.

This method can be used with either shipboard elemental yields or
with post-cruise processed yields. We used the shipboard data in this
investigation to examine the usefulness of this procedure on board the
ship. This method has the added advantage that the results are not
influenced by borehole or pore fluid concentrations.

RESULTS

Plots of unprocessed (i.e., "raw" shipboard) yields of calcium and
laboratory calcium carbonate vs. depth are shown in Figure 4. A five-
point smoothing filter was applied to the log data to reduce the "noisi-
ness" inherent in the raw yields. Because yields are not percentages,
a direct comparison between laboratory calcium carbonate and the
raw yield values is not appropriate. Nevertheless, the depths of max-
ima and minima in the two data sets are generally coincident (Fig. 4),
and the values correlate fairly well, with a regression coefficient (r)
of0.67(Fig.5).

Estimates of calcium carbonate based on the standard post-cruise
processing of the geochemical data and laboratory calcium carbonate
vs. depth in the comparison interval are shown in Figure 6. Although
the correlation between the two data sets is reasonably good in depth
intervals where processed calcium carbonate values are greater than
zero, these sections comprise only 36.3 m, or about 45% of the com-
parison interval. A cross-plot of laboratory calcium carbonate vs.
processed log values (shown in Fig. 7) clearly illustrates the domi-
nance of the zero log values. In our calculation of the regression
equation between these two data sets, we examined only the intervals
of positive values. The resulting equation is

Laboratory calcium carbonate = 43.45

+ (0.25 processed log calcium carbonate).

The regression coefficient (r) is 0.53.
The plot of the normalized calcium yield values (expressed as

percentages) and laboratory calcium carbonate vs. depth is presented
in Figure 8. A reasonably good correlation exists between the log
estimates and laboratory values (Fig. 9). The regression equation is

Laboratory calcium carbonate = 0.052

+ (0.9 • normalized calcium yield).

The regression coefficient (r) is 0.76.
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Figure 6. Log estimates (post-cruise processing) of calcium carbonate and
laboratory values of calcium carbonate vs. depth in the comparison interval.
Dashed line = log estimate, and square data points (connected by solid line) =
laboratory data.

DISCUSSION

Based on the regression equations, the normalized yield estimates
are the best predictors of laboratory calcium carbonate values of the
methods investigated. The relationship between the normalized yields
and the laboratory data is the closest to a one-to-one relationship, both
in terms of the slope and the intercept of the correlation equation. We
also examined the applicability of the log estimates by calculating the
differences (referred to as residuals) between laboratory calcium car-
bonate and the log estimates at coincident depths, where

Residual = laboratory calcium carbonate - log estimate.

The results of these comparisons are as follows:

Residual

Unprocessed yield
Processed CaCO,a

Normalized yield

Mean
(wt%)

0.004
5.060
0.370

Standard
deviation

(wt%)

±15.8
±17.9
+13.8

N

237

60
194

Note: N = number of samples
a Positive values only.

The nonzero mean associated with the processed calcium carbon-
ate indicates that the log estimate consistently underestimates CaCO3

relative to the laboratory values. This is probably an artifact of the
choice of log data set, however. As can be seen in Figure 6, the
decreases to zero calcium carbonate and the subsequent rebounds in
the log data set are gradual. Judgments were made regarding which
log values to include in the analysis; apparently, we included some
values that are too low. The unprocessed yield data and the normal-
ized yields, on the other hand, generate calcium carbonate estimates
that are not skewed and have lower standard deviations. Thus, they
are better predictors of calcium carbonate. Although the interval
between approximately 290 and 300 mbsf appears to be characterized
by a more restricted range of residual values and a slightly smaller
average value, no obvious relationships between the residuals and
depth were observed (see, e.g., Fig. 10).

We examined the sensitivity of the regression equations to labora-
tory sample density and the length of the comparison interval. Our
preliminary results suggest that all equations are sensitive to these
factors. A comparison interval that is 20 m shorter, for example,
results in a degradation of the one-to-one relationship developed from
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Figure 7. Log estimates (post-cruise processing) of calcium carbonate vs.
laboratory values of calcium carbonate throughout the comparison depth.

the complete data set. The regression equation relating laboratory and
normalized yield estimates in the interval from 250 to 310 mbsf is

Laboratory calcium carbonate = 5.29 + (86.3 • normalized calcium).

Similarly, a larger laboratory sampling interval of 50 cm produces
significant changes in the regression equations. Although examina-
tion of larger sampling intervals over greater depth intervals is beyond
the scope of this research, our preliminary investigation suggests that
this type of data could yield good results.

LIMITATIONS AND SOURCES OF ERROR

A primary limitation associated with using logging geochemical
data to estimate calcium carbonate is that the methods that produce
the best fit to the laboratory data (i.e., unprocessed and normalized
yields) require laboratory analyses to develop the correlation equa-
tions. Because the number and density of the samples required for a
good correlation analysis are likely to be dependent on sediment
composition and other characteristics unique to each example, deter-
mination of general values of sampling density are beyond the scope
of this research.

The most likely source of error when comparing any logging and
laboratory data is depth mismatches. Another source of discrepancies
between log-derived and laboratory calcium carbonate values is mea-
surement of different volumes. Laboratory measurements usually are
performed using samples of approximately 5 cm3 (the actual volume
measured is much less, but the 5-cm3 sample is assumed to be homo-
geneous). The logging tool, on the other hand, averages over a vertical
length of about 0.5 m and a total volume of nearly 1 m3 (Jarrard and
Lyle, 1991). Because the scale of the variability in the comparison
interval is on the order of 10 cm or less, the log samples are not
directly comparable to those analyzed in the laboratory.

The other potential source of differences in laboratory and logging
estimates of calcium carbonate is that the two methods actually mea-
sure different components of the mineral; the laboratory coulometer
measures acid-soluble carbonate; the logging tool, on the other hand,
measures calcium. Consequently, comparisons of the two values are
only appropriate in sediments in which these two assumptions are
valid. In the case of laboratory carbonate estimates, the assumption
holds in most deep-sea sediments. With logging data, the methods we
present here are most accurately applied to pelagic deposits similar to
those studied. For example, our methods would overestimate calcium
carbonate in sediments that contain high percentages of feldspars or
other minerals containing large amounts of calcium. Nevertheless, the
methods can be used in more complex regions that have significant
detrital calcium. Normative corrections of the calcium yield based on
the aluminum content (measured by a different logging tool) can be
applied to correct for the detrital calcium content. Such corrections
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Figure 8. Log estimates (normalized yield estimates) and laboratory values
of calcium carbonate vs. depth in the comparison interval. Dashed line =
normalized log estimates, and square data points (connected by solid line) =
laboratory data.
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Figure 9. Log estimates (normalized calcium yields) vs. laboratory values of

calcium carbonate throughout the comparison interval.

would require calibration at many locations, however, and would
cause the error in log-estimated calcium carbonate to be greater.

At least at present, another limitation is that the accuracy of any
log estimate of calcium carbonate will be severely degraded in the
shallow portion of the deposit, where the pipe ("casing") has been left
in the hole during logging. This is because the signal derived from
cased sediments is dominated by the signal from the pipe and is
overwhelmed by that of iron in the metal casing. Although useful
geochemical information can be extracted from data obtained from
these depths, currently we do not recommend using the techniques
presented here for estimating calcium carbonate in cased sections.
The cores in this interval (i.e., the top 70-100 mbsf), however, are
generally the most densely sampled on board the ship.

Other limitations are imposed by the post-cruise processing of the
geochemical logging data. As can be seen in Figure 6, negative calcium
carbonate measurements (expressed as zero values) are common.
These negative values result from the highly porous nature of the Hole
846B sediments. Because the bulk of the signal results from pore water
and only a small percentage is derived from the sediment, the statistics
associated with the geochemical oxide calculation are poor.

The normalized yield method is most useful in sediments similar to
those examined here (i.e., essentially binary biogenic systems contain-
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Figure 10. Normalized log calcium yield residual values vs. depth in the
comparison interval.

ing low concentrations of clay minerals). If the sediments contain large
amounts of detrital clay, the method will still work, provided that the
chemical composition of the clay minerals remains constant and, thus,
the proportions of unmeasured elements remain constant relative to
those measured. In sediments that contain widely varying clay mineral
types, the normalized yield method has a good likelihood of failure. In
fact, even these Hole 846B sediments, which have minimal detrital
material, display indications that the concentrations of other elements
cannot be dismissed completely. This conclusion is based on the fact
that the slope of the equation relating laboratory and normalized yield-
derived calcium carbonate values is not unity. Variations in the con-
stituents of the sediment not accounted for in the normalization method
are assumed to be the cause of the nonunity slope.

SUMMARY

Our results indicate that log-derived estimates of calcium carbon-
ate are viable, simple, and quick. An added advantage is that estimates
of calcium carbonate can be made on board the ship, essentially in real
time, providing one with the opportunity for guiding shipboard sam-
pling of the cores.

Further, our research indicates that, under the appropriate circum-
stances, log methods can be used to address paleoceanographic ques-
tions (i.e., that log calcium carbonate values can be used to develop
an accurate stratigraphy for paleoceanographic purposes). The limi-
tations of the log methods are that their applicability generally is
limited to biogenic sediments and that none can be used to predict
calcium carbonate directly.
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