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14. STABLE ISOTOPE ORGANIC GEOCHEMISTRY OF SEDIMENTS FROM THE LABRADOR
SEA (SITES 646 AND 647) AND BAFFIN BAY (SITE 645), ODP LEG 105!

Stephen A. Macko?

ABSTRACT

Stable carbon and nitrogen isotopic compositions as well as organic carbon and total nitrogen contents are reported
for Site 645 in Baffin Bay and Sites 646 and 647 in the Labrador Sea. Both low-resolution analyses (1 sample/section)
and high-resolution results (up to 7 samples/section) are presented. These records indicate that large-scale changes in
productivity since the middle Miocene have occurred in Baffin Bay. Such changes are not evident in samples from the
Labrador Sea. Isotopic records of all the sites are influenced strongly by rapidly changing influxes that combine terrige-
nous debris with planktonic production. In parts of the cores, relationships to other phenomena, such as ice stages, are
present. However, these correlations are not common and indicate that these events were masked by the dynamic
changes in sources of organic matter occurring in this complex system.

INTRODUCTION

Three separate sites were drilled during Leg 105 for informa-
tion about (1) the initiation, timing, magnitude, and periodicity
of high-amplitude climatic fluctuations of the Late Cenozoic;
(2) variations in paleoceanography along a north-south transect
from Baffin Bay to the Southern Labrador Sea; and (3) biotic,
isotopic, and sedimentary responses to the establishment of
colder water circulation in the Labrador Sea and Baffin Bay.
Results of measurement of stable isotope carbon and nitrogen
and determination of organic content for samples collected dur-
ing Leg 105 are presented in this study. The northernmost Site
645 was situated on the lower continental slope, east of Baffin
Island in a water depth of about 2020 m (Fig. 1). The two other
sites were located in the Labrador Sea. Site 646 was on the
northern flank of the Eirik Ridge, at a water depth of almost
3500 m beneath the subarctic West Greenland Current, while
Site 647 was farther south beneath the North Atlantic Drift in a
water depth of nearly 3900 m.

Organic matter incorporated into marine sediments is the
product of many biological and chemical transformations of the
original source material. This source material may have origi-
nated in the photic zone of the marine system as terrigenous or-
ganic debris or, more likely, as a mixture of the two in near-
shore marine environments. Documentation of the variation of
influx from various sources by determining organic carbon and
nitrogen contents and stable carbon and nitrogen isotopic com-
positions is presented. Stable isotope compositions may serve as
signatures of both the origin of organic material and of specific
factors influencing that origin, such as temperature, nutrient
levels, and productivity.

In numerous marine environments, relative contributions of
terrigenous and marine influxes have been documented by using
stable carbon isotopes. For example, in the deltas of both the
Pedernales River in Venezuela (Eckelmann et al., 1962) and the
Niger River (Gearing et al., 1977), woody fragments and more
finely disseminated terrestrial plant debris give a clear terrige-
nous isotopic signature to deltaic sediments. In the Gulf of
Mexico, surface sediments contain increasing amounts of the
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heavier isotopes of carbon when nearing the sea, indicating de-
creasing influence of land-derived detritus (Sackett and Thomp-
son, 1963; Hedges and Parker, 1976; Gearing et al., 1977). In
more northern environments, the transport of terrigenous mate-
rial may be more extensive, In the Beaufort Sea, lateral trans-
port of terrestrial debris is enhanced by ice rafting (Gearing et
al., 1977). These variations in source record the sedimentary
history of an area. In the Gulf of Mexico, variations downcore
were correlated with glacial and interglacial periods that are re-
lated to lower sea levels and to the influence of the Mississippi
River (Parker et al., 1972; Newman et al., 1973). In systems that
are exclusively or heavily dominated by marine productivity,
other environmental parameters, such as temperature, growth
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Figure 1. Map showing locations of Leg 105 study sites.
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rate, species distribution, and CO, availability, may affect car-
bon isotopic composition (Sackett et al., 1965; Degens et al.,
1968; Degens, 1969; Gearing et al., 1977; Fontugne and Du-
plessy, 1978; 1981).

Large temperature differences in water masses correlate with
planktonic organic material that is depleted in '*C. This obser-
vation and its interpretation are based on the premise that the
isotopic fractionations by phytoplankton growing in the open
ocean are affected by temperature. These temperature-induced
signatures were interpreted as the cause of carbon isotopic vari-
ations observed in high-latitude, deep-sea sediments (Sackett,
1986; Sackett et al., 1974; Rogers et al., 1972). However, carbon
isotopic variations may also be associated with changing popu-
lations of phytoplankton. For example, the transition of diatom
ooze to a dinoflagellate/coccolithophore-dominated sediment
at the Antarctic Convergence is associated with a change in car-
bon isotopic signature (Sackett et al., 1974). Isotopic differences
exist among classes of phytoplankton of different sizes (hence,
different species) from the same population of a bloom (Gear-
ing et al., 1984). Such variability would probably affect the or-
ganic isotopic record preserved in a sediment.

In a similar fashion, stable nitrogen isotopes may be useful
indicators of the source of organic material entering the marine
environment. Peters et al. (1978) correlated nitrogen isotope sig-
natures with the relative contributions of terrigenous and ma-
rine influxes into a sediment. Such contributions of organic
matter can be quantified by simple mass balance calculations
from which sources may be estimated (Macko, 1981; 1983).

Because the major sources of nitrogen used in terrestrial sys-
tems (N, through nitrogen fixation) are isotopically distinguished
from those used in marine systems (oceanic nitrate through ni-
trate reduction), these sources often may be resolved. Further-
more, in purely agueous environments, the processes by which
phytoplankton (or bacteria) incorporate nitrogen may be re-
solved if one can eliminate sources of nitrogen from land. The
process of nitrogen fixation has a small isotopic fractionation
associated with the utilization of molecular nitrogen. Such a
process can be easily distinguished from the more common ni-
trate reduction, in which phytoplankton fully utilize dissolved
nitrate, reflecting its isotopic signature (Macko et al., 1984).
When algae only use a small portion of the dissolved nitrate,
more depleted '*N values may be evident, reflecting the isotopic
fractionation associated with that incorporation (Macko et al.,
1987). Such changes then may be useful for interpreting the pa-
leoceanographic record of an area. Sediments derived from pe-
riods of higher productivity, in which phytoplankton fully uti-
lized the oceanic nitrate, may be more enriched in '*N than sedi-
ments associated with lower productivity, where larger fractiona-
tions are possible.

However, the situation is complicated by factors that include
microbial action, diagenesis, and recycling of organic matter.
Variations in isotopic signature may occur as a result of deamina-
tion reactions associated with organic-rich materials (Sigleo and
Macko, 1985; Zieman et al., 1984; Wada, 1980). Such alteration
processes may be especially important in changing isotopic signa-
tures below the euphotic zone (Altebet and McCarthy, 1986).

This study establishes the isotopic and organic variations in
sediments for three Leg 105 sites. Isotopic analyses were used pre-
viously to suggest extent and timing of glacial influences on the
total organic carbon found in Quaternary marine sequences.
Here, isotopic signatures of nitrogen and carbon are correlated to
help delineate different processes, including changing water col-
umn temperatures, productivity, or organic matter sources, all
of which may influence the photic-zone organic matter and the
relative influx of organic material into the underlying sediment.
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METHODS

Sediment samples to be analyzed for organic content and isotopic
composition were kept frozen until analysis. Samples were initially
lyophylized and then acidified with 30% HCI1 to remove carbonate, The
carbonate-free residue was dried to preserve all soluble organic matter
and any ammonium or nitrate. A portion of the dried materials then
was weighed and combusted in quartz in the presence of purified cupric
oxide wire and high-purity granular copper for 1 hr. at 850°C (Macko et
al., 1984). The nitrogen and carbon dioxide obtained were cryogenically
isolated from other combustion products and analyzed using a V.G. Mi-
cromass 903E stable isotope-ratio mass spectrometer. On the basis of
replicate analyses of samples, the reproducibility during combustion
and measurement is within +0.2%o. Data are presented as %o;

SNE = (M _1) - 10°%,

Rstandard

where N is the isotope of the element E and R is the abundance
ratio of the heavy to light isotope; the standard for !N is atmo-
spheric nitrogen and the standard for carbon is the Chicago
PDB. For routine measurement, samples were analyzed vs. a
laboratory standard tank of either pure nitrogen or carbon diox-
ide gas. Total nitrogen content was calculated from the ion in-
tensity of the gas in a calibrated volume of the mass spectrome-
ter; the organic carbon content was determined using a cali-
brated manometer in the vacuum purification line. Low-reso-
lution analysis was performed with at least one sample per 150-
cm section, while high-resolution sampling included as many as
seven samples per 150-cm section. Statistical analyses were per-
formed using SPSS-X on a VAX 11780 mainframe computer.
The significance defined by Pearson R correlation coefficients
was significant (0.95 level), highly significant (0.99 level), or not
significant.

RESULTS

Site 645 Low-Resolution Composite

Nearly 700 samples were analyzed for this part of the study.
Organic carbon and nitrogen contents indicate a general trend
of lower levels during the middle Miocene, which increased to-
ward the late Miocene (reaching the highest levels observed in
this study), and then diminished to lower levels by the end of the
Miocene (Figs. 2 and 3). A similar but lower-magnitude increase
is seen throughout the Pliocene, with very low levels occurring
at the end of the Pliocene. Pleistocene sediments exhibit lower
levels of organics and indicate no simple trends, except for
higher levels at the beginning, rather than the end, of the pe-
riod. Carbon contents range from 0.2% to 3.8% for the Mio-
cene, while nitrogen varies from 0.02% to 0.32%. Pliocene lev-
els are 0.3% to 1.8% and 0.03% to 0.37% for carbon and nitro-
gen, respectively. Pleistocene levels are 0.08% to 1.5% for organic
carbon and 0.01% to 0.16% for total nitrogen. Throughout the
core, organic contents are highly variable when adjacent sam-
ples are compared. Extended periods of low organic content,
such as at 850 m, are occasionally evident.

Carbon isotopic compositions for this site are fairly uniform
during the middle Miocene and have slightly greater fluctua-
tions toward the late Miocene (Fig. 4). Compositions for this pe-
riod range from — 26.0%o to — 19.1%o. Pliocene samples show
a slightly wider range in values, from —27.4%0 to —21.6%..
Furthermore, this period shows greater fluctuations between
adjacent samples than in the Miocene. The Pleistocene has the
largest range at this site, with values between —27.7%¢ and
—20.9%p. Coincident with this wider range is a larger, almost
erratic variation in adjacent samples downcore with little clus-
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Figure 2. Organic carbon in Site 645 low-resolution samples as a percentage of carbon vs. depth.
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Figure 3. Organic nitrogen in Site 645 low-resolution samples as a percentage of nitrogen vs. depth.

tering of values. Compositions during the Miocene are also
somewhat enriched (~2%o0) when compared to Pliocene and
Pleistocene samples.

Similarly, nitrogen isotopic compositions of sediments dur-
ing the Miocene are fairly uniform and vary only occasionally
from values near 5% (Fig. 5). The total range is 1.8%o to 6.9%o,
although only a few samples account for this range. During the
Pliocene, values may have been fairly constant, with a slight in-
crease in variability occurring in the late Pliocene. The overall

range is similar to that in the Miocene, from 1.9%o to 6.7%o. The
Pleistocene shows a large variation in '*N compositions which
range from 3.6%p to 11.5%o. Little constancy downcore was ob-
served.

Highly significant positive correlations were observed (Pear-
son R) between organic carbon and total nitrogen and between
total nitrogen and nitrogen isotopic composition. Significant or
highly significant negative correlations were seen between total-
nitrogen and carbon isotopic values, including organic carbon
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Figure 4. Carbon isotope vs. depth in Site 645 low-resolution samples.
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Figure 5. Nitrogen isotope vs. depth in Site 645 low-resolution samples.
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and carbon isotopes as well as nitrogen isotopes. The isotopic
compositions of nitrogen and carbon did not correlate at Site
645.

Site 646 Low-Resolution Composite

Nearly 550 samples from this site were analyzed. The organic
carbon and nitrogen contents for this location are significantly
lower than those at Site 645, with little variation except for oc-
casional sharp increases (Figs. 6 and 7). Average values for car-
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bon and total nitrogen are 0.2% and 0.03%, respectively. Mio-
cene sediments have the largest ranges in organic carbon (0.1%
to 1%) and total nitrogen (0.03% to 0.14%), while those of the
Pliocene are more constant in carbon (0.1% to 0.6%) and have
similar variations in nitrogen (0.02% to 0.13%). Pleistocene
sediments have one high organic-carbon value at 1.2% but oth-
erwise deviate little from the minimum of 0.1% to 0.4%. For
total nitrogen contents, a range similar to that observed down-
core can be seen (0.01% to 0.09%).
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Figure 6. Organic carbon in Site 646 low-resolution samples as a percentage of carbon vs. depth.
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Figure 7. Organic nitrogen in Site 646 low-resolution samples as a percentage of nitrogen vs. depth.

Carbon isotopic compositions at Site 646 varied more in the
Miocene than those seen at Site 645 (Fig. 8), and the range is
smaller, from —26.2%¢ to —22.9%¢. As at Site 645, Pliocene
compositions become increasingly variable, with a spread of
from —27.4%0 to —22.0%o. This is similar to the spread seen at
Site 645. The values obtained from Pleistocene samples vary
more irregularly than those from the Pliocene, with values be-
tween —27.7%0 to —22.1%o. In general, the values for '3C are
slightly more enriched than those obtained from Site 645.

As with the carbon isotopic compositions, an increasing
fluctuation in *N is evident from the Miocene to the Pleistocene
sections (Fig. 9). This can be seen in the increasing range in val-
ues for this site: Miocene, 2.3%¢ to 7.6%o; Pliocene, 3.6%0 to
9.6%0; and Pleistocene, 3.0%0 to 11.5%¢. Very little constancy
was observed downcore with apparent extended periods of en-
riched nitrogen preserved in the sediments (i.e., near 50 m).

Significant or highly significant positive correlations (Pear-
son R) again were observed between total nitrogen and organic
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Figure 8, Carbon isotope vs. depth in Site 646 low-resolution samples.
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Figure 9. Nitrogen isotope vs. depth in Site 646 low-resolution samples.

carbon as well as total nitrogen and nitrogen isotopes. Signifi-
cant negative correlations between total nitrogen and nitrogen
isotopes, organic carbon and carbon isotopes, and organic car-
bon and nitrogen isotopes were also found. No correlation was
seen between nitrogen and carbon isotopes.

Site 647 Low-Resolution Composite

Approximately 350 samples were analyzed from cores at this
site. Here, the organic loading of sediments is similar to that seen

214

at Site 646 (Figs. 10 and 11). The deepest samples analyzed at this
site were the oldest of all study samples and were Oligocene in
age. These samples have low carbon (0.1% to 0.3%) and low to-
tal-nitrogen (0.02% to 0.05%) contents. Sediments from the Mi-
ocene section of this site contained 0.1% to 0.5% organic carbon
and 0.02% to 0.11% total nitrogen, which was similar to levels
observed at Site 646. Pliocene sediments were fairly uniform in
contents, with a range of 0.1% to 0.6% organic carbon and
0.01% to 0.11% total nitrogen. Pliocene sediments also were
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Figure 10. Organic carbon in Site 647 low-resolution samples as a percentage of carbon vs. depth.
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Figure 11. Organic nitrogen in Site 647 low-resolution samples as percentage of nitrogen vs. depth.

characterized by sharp increases and decreases downcore. Pleisto-
cene sediments indicated some variation and similar organic
loading as the sediments from Site 646, with 0.04% to 1.0% or-
ganic carbon and 0.01% to 0.13% total nitrogen.

Carbon isotopic compositions also were similar to those seen
at Site 646, with sediment values generally near —24%p and with
numerous sharp deviations in the direction of more depleted
organics (Fig. 12). Oligocene sediments range from - 26.7%o
to —24.8%o, which is similar to the range seen in Miocene sedi-

ments (—27.2%o to —24.0%). Pliocene sediments likewise are
characterized by compositions of between —26.7%¢ and
—24.3%,. Pleistocene sediment values range between
—26.6%0 and — 19.8%o, which is nearly identical to the range ob-
served at Site 646.

In addition, nitrogen isotope contents at Site 647 are similar to
those seen at Site 646, although on average, a slight decrease with
increasing age can be seen (Fig. 13). Sediments of Oligocene age
are generally near 4%o and range between 3.8%o and 7.2%o. Like-
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Figure 12. Carbon isotope vs. depth in Site 647 low-resolution samples.
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Figure 13. Nitrogen isotope vs. depth in Site 647 low-resolution samples.

wise, Miocene sediment values are almost 4%, with some excur-
sions to more enriched values near 7% (overall range is 3.6%o to
7.5%o). Pliocene and Pleistocene sediments vary more and have
ranges of 2.2%g to 9.3%o and 2.2%o to 12.7%e, respectively.
Highly significant positive correlations were observed between
nitrogen and organic carbon contents as well as between nitrogen
content and nitrogen isotopic compositions. A significant posi-
tive correlation was seen between carbon isotopic signature and
organic carbon content, which is the opposite direction of the
other two sites. Significant negative correlation can be seen be-
tween total nitrogen and carbon isotopes, which is similar to cor-
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relations at Sites 645 and 646. However, unlike the previous sites,
a highly significant negative correlation was noted between stable
nitrogen and stable carbon isotopic compositions. No correla-
tion between the percentage of carbon and the nitrogen isotopic
composition can be seen.

High-Resolution Studies

Greater sampling frequency was undertaken in portions of
cores from all three sites, with the intention of enabling obser-
vation of small-scale periodicities associated with predicted Mi-
lankovitch periodicities of eccentricity, obliquity, and precession



in the orbit of the Earth. These respective periods were approxi-
mately 93, 41, and 19 k.y. To detail the shortest of these, sam-
pling intervals must be at least double the period. With five
high-resolution samples for each 1500-mm section and with ap-
proximate sedimentation rates of 134, 90, and 47 mm/k.y. for
Sites 645, 646, and 647, respectively, the frequency needed to ob-
serve even the smallest periodicity was achieved. For Site 645, one
sample per 2.2 k.y. was collected; for Sites 646 and 647, one sam-
ple was collected for 3.3 and 6.4 k.y., respectively (Figs. 14, 15,
and 16).

To facilitate the overall interpretation of sediments at Site 645,
the high-resolution organic geochemistry results for that site are
included with the high-resolution synthesis (see Appendix) of Hil-
laire-Marcel et al. (this volume). Although Asku et al. present an-
other high-resolution synthesis for Sites 646 and 647 (this vol-
ume), only organic geochemistry results for these sites are in-
cluded here. Thus, interpretations for these sites may be slightly
different.

Organic carbon and nitrogen contents in samples from Holes
646A and 646B were similar and of the same range and varia-
tion as that observed in the low-resolution survey. Of impor-
tance is that (1) these samples show little change in the organic
carbon or total nitrogen contents with depth and (2) the surface
of Hole 646A contains more organic material than that of Hole
646B, which indicates possible loss of surficial material in one
core. Some infrequent small-scale perturbations were noted, al-
though this does not reflect the normal low-level loading of the
sediment. Carbon and nitrogen isotopic compositions also show
similar ranges to those noted in the low-resolution analysis.
Carbon isotope values average near — 24%;, while nitrogen iso-
topic signatures average about 7%o. These norms vary by fre-
quent excursions of enriched nitrogen and depleted carbon val-
ues that often, but not always, occur simultaneously. No simple
correlation was observed between the two.

Organic contents from sediments of Hole 647B (high-resolu-
tion) are also uniform. Organic carbon occurs at generally low
levels, and its distribution is similar to that of total nitrogen.
Both analyses show occasional sharp increases in organic con-
tent, but do not correlate with each other.

Both stable carbon and nitrogen isotope analyses of these
high-resolution samples show a much greater variation and
range than was seen in the low-resolution study. Only occasional
clustering of points was noted. Again, most of the variations
were observed to be enrichments in '*N and depletions in 3C
and were simultaneous only occasionally.

DISCUSSION

In oxygenated environments, the amount of organic matter
preserved in the underlying sediment directly correlates with
sedimentation rate (Miiller and Suess, 1979). Diminished expo-
sure to zones of decomposition is associated with increased sedi-
mentation rate. With increased organic matter burden, less ma-
terial is degraded and greater preservation occurs. Heightened
productivity has been observed to parallel sedimentation rate
(Miiller and Suess, 1979). Higher productivity may then be di-
rectly associated with increased organic matter loadings in a
sediment. Furthermore, in biologically dominated sedimentary
sequences, productivity is often the principal control on the or-
ganic content of a sediment. All sediments analyzed here were
from areas having fairly high sedimentation rates in Baffin Bay
and the Labrador Sea (90 to 134 mm/k.y. and are likely to have
been deposited under oxic conditions (Stein, 1986).

Suspended particulate materials also undergo chemical and
isotopic changes while in the water column. Isotopically heavier
(in 1*C) carbohydrates or proteins can be preferentially lost, and
isotopically depleted lipids can be preserved (Ittekkot et al.,
1982; Handa et al., 1972). Thus, the isotopic composition of a

STABLE ISOTOPE ORGANIC GEOCHEMISTRY

sediment may not be related to that of overlying particulate or-
ganic materials (Entzeroth, 1982). In general, carbon isotopic
compositions of clastic sediments were observed to be about 1%
more enriched than the overlying water column suspended par-
ticulate material, whereas carbonate-rich sediments are about 2%
more enriched than the associated particulate organics (Ent-
zeroth, 1982). Little data exist about the relationship between
& 15N of particulates to that of underlying sediments, but indica-
tions are that they can be quite different (Macko et al., 1984;
Altebet and McCarthy, 1986).

Sediments from Site 645 show large changes in organic con-
tent, total nitrogen, and the organic isotopic compositions.
Those changes may be directly related to the paleoceangraphic
history of Baffin Bay. The progressive opening of the Labrador
Sea from south to north increased northward flow of warmer
Atlantic water into Baffin Bay during the early to middle Eo-
cene (Srivastava et al., 1981). This was followed by intrusions of
cooler Atlantic water, which was cooled by eastern Greenland
waters during the Oligocene. The deepest samples analyzed at
this site were of Miocene age. By that time, the termination of
warm and cooler flows of nutrient-rich Arctic waters were in-
truding into Baffin Bay from the north and proceeding south-
ward. The continuous flow of Arctic waters through Baffin Bay
and the Labrador Sea was only fully established by the middle
Pliocene. These intrusions of nutrient-rich, cooler waters may
have caused periodic, possibly long-term, increases in produc-
tivity (as estimated from Miiller et al., 1983). When the warm-
water influx ended, a collapse of the seed phytoplankton popu-
lation may have occurred toward the end of the Miocene. Evi-
dence for such collapses may be the long-term, low-level content
of organics at ~ 850, 750, and 650 m. More frequent and larger
incursions of cooler waters during the Pliocene along with
colder water species increased productivity and are associated
with large fluctuations. With the formation of the ice sheets of
the Pleistocene (with productivity probably by limited light and
by the presence of more ice-rafted debris) extremely low levels or
organic matter were produced and are preserved in the upper
300 m of Pleistocene sediments. This scenario is reflected in the
isotopic compositions and correlations of the organic measure-
ments. In the Miocene, fairly constant isotopic signatures typi-
cal of phytoplankton-dominated northern waters can be seen.
With the end of the Pliocene and variable influxes of waters,
more fluctuation can be seen in both carbon and nitrogen iso-
topes. Finally, in the Pleistocene, highly irregular values in both
15N and !3C (as well as more depleted '*C and enriched *N val-
ues) reflect the effects of ice-rafted debris mixing with low-level
productivity growing under ice.

Influx dominated by terrigenous debris (ice-rafted) was not
seen because both *N and C may have been more depleted.
Depleted 13C and enriched N also were not observed consis-
tently. This would have indicated the presence of phytoplankton
that were fully utilizing the nitrate, with probable intense nitro-
gen recycling and increased fractionation of '*C from slower
growth rates in cooler waters. Differential production by the
phytoplankton of biochemical storage materials like lipids that
are depleted in 13C may also be indicated. Shifts in '*C also may
be the result of species changes (Gearing et al., 1984). The lack
of significant correlation between the isotopic signatures indi-
cates that both processes were operating at this site. Negative
correlation of the carbon isotopic signature with organic carbon
content and total nitrogen should be true in either increased
productivity or increased terrigenuous and ice-rafted debris. Be-
cause !N has a negative correlation with the percentage of ni-
trogen and carbon, terrigenous influxes most likely were present.
Variability in the Pleistocene further emphasizes a rapidly chang-
ing environment in which both low productivity and low amounts
of terrigenous organic debris were being added to the sediment.
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Figure 14. Percentage of carbon and nitrogen and carbon and nitrogen isotopes vs. depth for Hole 646A high-resolution samples.
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Figure 15. Percentage of carbon and nitrogen and nitrogen and carbon isotopes vs. depth for Hole 646B high-resolution samples.

No simple correlation could be made with ice stages nor was a
simple periodicity observed, which indicates that these features
were overprinted by a constant total organic matter influx.
Site 646 sediments were seen as having a constant organic in-
flux from the Miocene to the present. With the Labrador Sea
open and cooler water entering from eastern Greenland, a con-
stant low productivity was established. Occasional increases in ni-
trogen content (this decreasing carbon/nitrogen) appear to corre-
late with interglacial periods. No significant temperature effect
was noted (Sackett, 1986); however, the correlation of increasing
I5N (phytoplankton using recycled nitrate) with the percentage of
carbon and nitrogen could support an increase in planktonic pro-
ductivity (possibly accompanied by a decrease in ice-rafted de-
bris). This could also be supported by the significant positive cor-
relation of organic carbon with total nitrogen, and the negative
correlation of organic carbon with carbon isotopic composition.
More depleted carbon associated with some interglacial episodes,
possibly indicating a change in the dominant phytoplankton pop-
ulation. No consistent simple relationship was evident between
glacial stages (Asku et al. this volume) and any of the organic pa-
rameters observed here. Occasional parallels between increasing
15N and decreasing '80 in carbonate can be seen. These were not
evident throughout the core, nor was an increase in productivity
evident, as defined by Miiller et al. (1983) and Muller and Suess
(1979). This northern oceanic ice-covered environment, with mul-
tiple influxes of terrigenous debris, that mixed with planktonic
productivity is much more complex than the more southerly envi-
ronment observed by those scientists. For this reason, no simple
correlation between isotopic signatures and ice stages can be
seen. Isotope compositions are a dynamic response of the sys-
tem to numerous changes in the water column or to influxes,
and in this complex environment, are evidence of how variable
that system is. The low, constant production of organic matter

also indicates that, while variations in total foraminifers or di-
nocysts can be observed, these organisms represent only a por-
tion of the total organisms available to the organic pool enter-
ing the sediment; in fact, they most likely are the more refrac-
tory representatives of those influxes.

Site 647 is quite similar to Site 646 in that overall low-level in-
flux and preservation could be seen from the Oligocene to the
present. The organic signatures co-vary, which indicates small-
scale changes in influxes. These changes correlate significantly
with nitrogen isotopic signatures. With increasing primary pro-
duction and the use of nitrate, more organic matter can be pro-
duced having a more enriched signature (toward full utilization
of the nitrate and intense recycling). The organic matter content
again correlates negatively with the carbon signature, probably
an effect of growth rate or of changing populations. Finally, the
isotopic signatures of both carbon and nitrogen have a signifi-
cant negative correlation, which indicates that at this offshore
location the major influences throughout the history of the site
have been changes that depended upon marine plankton/pro-
ductivity with little influence, if any, from ice-rafted and terrige-
nous debris. Such debris (in the form of pollen, etc.) is of minor
importance to the overall organic influx at this site.

CONCLUSIONS

These preliminary data on the organic compositions and
analyses of carbon and nitrogen isotopic compositions of sedi-
ments from Baffin Bay and the Labrador Sea indicate the fol-
lowing:

1. Baffin Bay experienced large-scale changes in total pro-

ductivity with the establishment of continuous water circulation
from the Arctic. These changes had little overall effect on the
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Figure 16. Percentage of nitrogen and carbon and nitrogen and carbon isotopes vs. depth for Hole 647B high-resolution samples.

more southerly Labrador Sea, which experienced relatively con-

stant influxes.

2. Isotopic signatures in the Labrador Sea and Baffin Bay
are strongly influenced by a combination of terrigenous and ice-
rafted debris and by a rapidly changing planktonic signature af-
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fected by growth rates, nutrients, species, and temperature,
which cause rapidly fluctuating compositions.

3. No simple relationship between the ice stages and the or-
ganic matter content or isotopic signatures was apparent in this
complex system. The organic matter is the result of a dynamic



response to a multitude of factors in this location. A better un-
derstanding of the relationships between isotopic fractionations
and those factors is needed.
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APPENDIX Appendix (continued).
Organic Geochemical Results, Leg 105
Sample
Sample Core and interval N C
Coreand interval N c section cm) &N Bc m) (W)
section (cm) N e () ()

13X-1 96-102 472 -2554 0.03 0.50
645A-1H-1 2-3 9.44 -21.09 0.06 049 13X-2 82-87 5.31 —-24.83 0.03 0.19
645B-1X-1 18-19 640 -2464 0.01 0.13 13X-3 17-23 9.69 2475 0.03 0.17
1X-1 39-40 8.87 -2452 0.02 0.24 13X-4 46-51 6.41 —-25.50 006 099
1X-1 50-53 7.27 -2549 0.03 0.12 14X-1 31-37 478 -2524 0.02 023
1X-1 62-63 423 -2635 0.01 0.20 14X-2 38-44 6.11 -25.64 0,03 022
1X-1 80-81 6.83 -2346 0.02 025 14X-3 25-31 366 —2463 0.03 020
1X-1 100-101 679 —-2599 0.16 0.22 14X-4 2-8 8.06 -2526 0.07 0.32
1X-1 117-118 497 -2366 003 0.38 15X-1 30-36 472 -2644 005 092
1X-1 139-140 7.42 —-23.18 0.03 0.32 17X-1 38-42 4.35 —-25.36 0.03 045
1X-2 3-4 498 -2311 0.02 0.16 17X-2 38-42 423 -25.61 0.08 148
1X-2 20-21 7.15 -23.80 0.02 0.20 17X-3 18-22 594 -—26.19 0.05 0.84
1X-2 39-40 3.61 —-25.05 0.02 0.15 17X-4 38-42 464 -2093 0.05 0.89
1X-2 50-53 5.19 -22.69 0.02 0.15 18X-1 50-54 8.50 -2570 0.05 0.21
1X-2 62-63 426 -—23.20 0.02 025 19X-1 40-45 400 -2593 0.07 0.76
1X-2 80-81 697 -26.81 0.01 0.08 19X-2 40-45 529 -2577 0.12 048
1X-2 99-100 593 -25.17 0.02 0.20 19X-3 38-43 447 -2564 0.03 057
1X-2 119-120 7.63 -2699 0.03 020 19X-4 38-43 4.71 -25.58 0.07 047
1X-2 136-137 823 -2373 0.4 0.12 19X-5 39-44 528 -—-2552 0.05 045
1X-3 50-53 5.08 -21.62 0.01 0.12 19X-6 29-35 4.91 —-25.52 0.06 0.44
2X-1 31-34 6.87 -21.96 0.03 0.27 20X-1 21-28 455 -2520 0.06 048
2X-2 30-31 597 -26.02 0.03 033 20X-2 19-24 464 —2542 0.06 049
2X-2 52-55 490 -2489 0.01 0.09 20X-3 19-24 4.65 —-2523 0.07 0.79
2X-2 60-61 8.89 -2543 0.06 0.35 20X-4 19-24 414 -2566 0.11 081
2X-2 80-81 449 -2529 0.02 0.31 21X-1 65-70 7.07 -24.88 0.04 0.32
2X-2 96-97 498 -2367 007 077 21X-2 65-70 488 -2533 0.05 0.17
2X-2 119-120 826 -2392 0.04 029 21X-3 65-70 384 -—-2656 0.07 054
2X-2 140-141 8.94 —24.55 0.02 0.12 21X-4 65-70 4.26 —-2594 0.09 1.07
2X-3 3-4 539 -2543 0.02 038 21X-5 65-70 366 —25.84 0.06 0.58
2X-3 20-21 544 2548 0.02 0.36 21X-6 65-70 392 -2580 0.13 107
2X-3 40-41 5.66 —26.07 0.01 0.19 21X-7 15-20 500 -—25.55 008 0.68
2X-3 53-56 4.16 -2575 0.02 0.13 22X-1 118-123 513 -2647 0.04 0.58
2X-3 62-63 453 -2563 0.02 04 22X-2  118-123 5.08 -25.13 006 1.01
2X-3 79-80 438 -26.34 002 017 22X-3 118-123 4.61 -25.03 0.03 033
2X-3 99-100  5.33 —25.83 0.02 0.40 22X-4  118-123 550 -25.05 0.08 1.15
2X-3 118-119 5.1 -26.79 0.01 0.1 22X-5  118-123 501 -2524 0.09 133
2X-4 20-21 465 -2571 0.01 0.39 22X-6  118-123 547 =239 0.02 0.18
2X-4 4]1-42 10.54 -25.65 0.02 046 23X-1 29-35 B.10 -25.12 0.05 0.79
2X-4 51-53 3.81 -23.25 002 0.09 23X-2 29-35 6.31 -2597 0.06 041
3X-1 40-43 547 -—-2489 0.02 0.09 23X-3 29-35 543 -25.72 0.04 0.3]
3X-2 40-43 5.08 -26.08 0.03 022 23X-4 29-35 561 —2480 0.07 1.08
IX-3 40-43 526 —25.14 0.04 0.49 23X-5  29-34 5.03 -24.89 0.05 0.66
4X-1 10-16 5.81 —-24.34 0.05 0.14 23X-6 27-32 6.03 -25.69 0.04 0.33
4X-1 40-46 515 —2574 0.10 0.95 24X-1 24-29 404 -2462 001 0.54
5X%-1 20-25 10.66 —22.28 0.08 0.44 24X-2 24-29 4.07 -24.66 0.05 0.62
5X-1 40-46 848 -2437 007 032 24X-3  24-29 491 -25.10 0.05 0.60
5X%-1 63-68 11.19 -24.19 0.05 0.12 24X-4 24-29 4.91 —24.69 0.04 050
5X-1 79-84 11.39 -2560 0.05 0.21 24X-5 24-29 533 -24.18 0.06 0.92
5X-1 100-106 7.15 -25.46 0.06 0.38 24X-6 6-11 494 -24.18 0.04 0.35
5X-1 120-126 6.30 -—25.54 0.09 O0.88 26X-1 56-61 539 -2490 0.06 0.5
5X-1 141-147 6.32 -2398 0.06 0.60 26X-2 62-67 653 -—24.18 0.14 0.72
5X-2 20-26 622 -2562 005 044 26X-3 57-62 527 -2462 0.06 041
5X-2 41-46 10,28 -25.50 0.08 0.34 26X-4 44-49 3.66 -25.04 0.06 0.62
5X-2 62-68 8.20 -25.57 0.08 072 26X-5  114-119 557 -25.03 006 079
5X-2 B0-86 8.21 -25.69 0.03 047 26X-6 31-36 5.69 —-24.001 005 0.38
5X-2 98-104 532 -2539 0.02 033 26X-7 37-41 6.59 —24.27 0.04 0.56
5X-2 117-122 659 —-25.35 0.06 0.32 27X-1 48-53 6.17 -24.27 004 0.75
5X-2 134-139 849 -26.71 0.06 040 27X-2 48-53 478 -2467 006 0.79
5X-3 20-26 9.59 —27.66 0.07 0.58 27X-3  48-53 5.51 -25.19 0.05 0.68
5X-3 46-52 8.11 —-25.67 0.07 0.44 27X-4 48-53 5.59 -2528 0.06 O0.88
5X-3 62-68 833 -2546 0.08 0.43 27X-5  48-53 526 -24.53 0.06 0.85
5X-3 B0-86 11.47 -26.49 0.06 048 27X-6 48-53 472 -2522 0.06 0.78
5X-3 94-99 7.60 -2520 0.03 0.26 28X-1 55-60 586 -2459 0.05 0.63
5X-4 8-14 7.20 -25.12 0.06 0.38 28X-2 55-60 499 -2460 0.06 0.69
6X-1 12-17 647 -—-2345 005 098 28X-3 41-46 537 -2461 0.07 0.64
6X-1 42-48 7.07 -25.68 0.06 0.38 28X-4 41-46 5.81 —2545 0.05 0.60
6X-1 61-67 7.90 -26.79 0.03 0.35 29X-1 45-51 5.03 -2503 0.07 0.9
6X-1 85-90 7.33 -2432 0.08 0.50 29X-2 21-26 416 -—-2449 004 054
9X-1 27-30 6.32 -2497 0.02 0.18 29X-3 41-46 5.74 -2466 0.05 0.54
9x-2 27-30 477 -2424 0.01 0.22 29X-4 39-44 538 -—2486 0.06 0.50
9X-3 71-74 527 -21.35 0.02 0.08 29X-5 38-43 470 -2566 0.04 0.52
10X-1 39-44 449 2555 0.04 0.69 29X-6 5-10 545 -25.19 0.06 0.87
10X-2 6-12 577 -2577 0.03 0.52 30X-1 42-46 497 -2424 0.06 0.69
10X-3  22-27 9.94 -27.02 0.01 0.51 30X-2  20-24 3.00 -2328 0.12 0.77
11X-1 43-48 4.16 -2471 0.03 0.24 30X-3  131-135 494 -2432 0.04 044
11X-2 43-48 8.84 —2428 0.05 0.19 30X-4 32-37 5.68 —-24.50 0.06 0.59
11X-3  42-47 6.85 —25.50 0.02 0.20 30X-5 34-39 444 -24.69 0.06 0.48

30X-6 34-39 469 —24.76 0.04 0.82
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Appendix (continued).

Sample
Core and interval N C

section em) &N MBc ) (W)
645B-30X-7 30-35 530 -24.08 0.06 0.86
31X-1 40-45 737 -2468 0.03 0.14
31X-2 40-45 453 -2495 0.03 0.19
31X-3 40-45 6.36 —25.80 0.04 0.24
31X-4 40-45 557 -25.15 0.04 035
31X-5 40-45 6.71 —2531 0.03 0.18
31X-6 40-45 533 -25.13 0.06 0.21
32X-1  105-110 524 -2460 0.03 0.15
32X-3  105-110 564 —-2536 004 024
32X-4  105-110 533 -2483 0.04 021
32X-5  105-110 343 -2493 0.08 071
32X-6  105-110 475 -25.02 0.05 0.38
645C-3H-3 110-111 431 -25.63 0.04 0.86
3H-3 132-133 3.60 -2498 0.02 0.28
3H-4 3-4 562 —2546 0.03 0.42
3H-4 21-22 515 -25.62 0.02 0.28
3H-4 38-39 6.60 —2472 0.02 033
3H-5 10-11 6.37 —-2422 0.02 0.35
3H-5 32-33 587 -27.23 0.01 0.24
3H-5 50-51 631 —26.44 0.01 020
3H-5 94-59 452 -2442 0.03 0.54
645D-1R-1 69-74 6.50 -24.68 0.12 0.49
1R-2 69-74 4.87 —-25.42 0.04 0.55
1R-3 69-74 332 -2398 0.06 0.57
IR-4 69-74 586 —24.50 0.05 045
2R-1 36-41 580 -—-24.75 0.04 0.55
2R-2 36-41 450 -25.31 0.07 1.07
2R-3 33-38 6.81 —24.80 0.11 0.62
2R-4 36-41 519 -23.75 0.07 0.69
2R-5 36-41 521 -2496 0.06 0.59
2R-6 36-41 521 -2336 0.06 0.64
8R-1 42-47 490 -23.84 0.05 1.18
8R-2 42-47 5.82 —24.02 0.08 0.60
8R-3 42-47 5.68 -2543 0.05 0.60
9R-1 49-54 5.08 —24.84 0.06 0.58
9R-2 50-55 4.08 —2483 0.12 1.14
9R-3 48-52 5.05 -24.72 0.10 1.17
9R-4 47-52 501 -24.04 0.10 1.07
9R-5 45-50 456 —24.54 0.05 0.60
9R-6 45-50 4.51 —-24.61 0.07 0.67
10R-1 20-25 500 -—24.69 0.04 0.52
10R-2 20-25 541 -=23.12 0.06 0.72
10R-3 20-25 491 -2346 0.05 093
10R-4 20-25 506 -25.56 0.01 0.27
11R-1 35-40 576 —=25.10 0.05 0.52
11R-2 35-40 484 —-2430 0.08 045
11R-3 35-40 445 -2482 0.07 0.78
11R-4 35-40 505 -2331 0.05 045
11R-5 35-40 497 -23.71 013 1.8
11R-6 35-40 537 =236 0.07 0.64
11R-7 35-40 4.00 -2439 0.08 1.20
12R-1 10-15 457 -24.19 0.08 0.98
12R-2 10-15 477 -23.88 0.06 0.77
13R-1 72-77 519 -23.72 0.07 0.62
13R-2 72-77 4.98 -23.41 007 0.72
13R-3 72-77 6.70 —23.60 0.09 1.02
13R-4 72-77 470 -2541 0.10 093
13R-5 72-77 479 -27.37 0.09 095
13R-6 72-77 524 -24.10 0.09 0.78
14R-1 30-35 518 -2431 010 0.71
14R-2 30-35 572 -2434 010 1.13
14R-3 30-35 494 -25.17 0.10 0.90
14R-4 30-35 434 2440 0.08 1.04
14R-5 30-35 4.86 -24.24 0.07 1.59
15R-1 37-42 5.95 -24.97 0.09 0.83
15R-2 37-42 548 2511 0.12 1.02
15R-3 37-42 566 —24.69 0.17 0.73
15R-4 37-42 592 -2482 0.18 0.8
I5R-5 37-42 440 -2493 0.08 093
15R-6 37-42 457 -2435 0.11 1.27
16R-1 46-51 4.06 —2444 015 0.87
16R-2 47-52 520 -25.27 0.09 1.12
16R-3 46-51 507 -2525 0.10 1.8
17R-1 39-44 430 -—2485 0.04 0.38
17R-2 39-44 5.58 -26.26 0.11 1.49
17R-3 38-43 524 -2464 0.09 0.88
17R-4 37-42 5.15 -25.59 0.11 1.05

STABLE ISOTOPE ORGANIC GEOCHEMISTRY

Appendix (continued).

Sample
Core and interval N C

section em) N Bc m)
645D-17R-5 37-42 5.11 —-2493 0.10 0.96
17R-7 35-40 528 -2532 0.15 1.00
18R-1 38-44 535 —2430 0.05 0.32
18R-2 38-44 509 -2482 0.06 0.55
18R-3 38-44 525 -—-23.84 009 1.23
19R-1 37-42 468 —25.08 0.09 0.85
19R-2 37-42 491 -2463 0.11 1.10
19R-3 33-39 539 2484 0.06 0.70
19R-4 35-40 473 -25.39 0.07 0.59
19R-5 37-42 528 —2494 0.09 093
19R-6 37-42 5.58 -24.84 0.08 0.68
20R-1 24-29 488 —-2476 0.09 0.89
20R-2 11-16 5.02 -21.57 0.10 1.16
20R-3 13-18 .59 -25.19 0.04 0.87
20R-4 19-20 4.28 -2493 0.12 0.78
20R-5 22-27 507 -2420 0.07 0.60
20R-6 16-21 4,14 -2437 0.06 0.54
645E-2R-1 14-20 549 —-24.76 0.05 0.58
4R-1 60-65 538 -2462 0.08 0.88
4R-2 23-28 2,81 —2484 0.11 0.68
4R-3 23-28 1.86 —2469 0.08 0.78
4R-4 4-9 512 —25.33 0.08 0.84
6R-1 93-98 459 —2422 0.08 091
6R-2 73-78 503 -2525 0.07 0.82
6R-3 88-93 649 —24.62 0.10 1.39
6R-4 91-96 5.45 -=25.17 013 1.4
6R-5 41-46 5.58 -2529 0.08 0.68
6R-6 19-24 500 -—-2575 0.20 1.24
TR-1 40-45 448 —25.51 037 0.70
7R-2 40-45 337 -2570 0.37 0.78
7R-3 40-45 540 —24.62 0.14 1.42
7R-4 40-45 544 2405 022 1.34
TR-5 41-45 518 —2429 0.3 137
8R-1 59-64 4.8 -23.97 0.13 L79
8R-2 58-62 458 -—24.38 0.08 0.76
8R-3 68-73 470 —24.81 0.10 0.88
8R-4 67-72 3.03 -25.31 0.09 0.84
8R-5 60-65 436 -23.93 011 1.64
8R-6 61-66 444 —2383 0.15 1.96
9R-1 59-64 440 —23.73 0.06 0.94
9R-2 59-64 4,15 -24.19 0.12 1.61
9R-3 59-64 443 -2421 0.08 0.9
9R-4 59-64 345 —2478 0.09 0.9
9R-5 59-64 442 -2334 009 1.07
9R-6 59-64 465 —23.25 0.11 1.50
10R-1 52-56 506 —2534 0.07 0.59
10R-2 53-57 539 -—2554 0.10 095
10R-3 52-56 466 —25.01 0.08 1.36
11R-1 25-28 471 -24.85 0.09 0.84
11R-2 25-28 516 —24.64 0.08 0.68
11R-3 25-28 4.63 -25.61 0.09 122
11R-4 25-28 4,60 —2477 0.10 1.19
11R-5 25-28 536 —2448 0.09 1.21
11R-6 25-28 5.07 —-24.49 0.09 0.82
12R-1 61-65 526 —24.84 0.19 1.02
12R-2 61-65 4,51 -2381 0.07 094
12R-3 61-65 336 -249 0.11 0.86
12R-4 61-65 458 —24.43 0.08 0.69
12R-5 61-65 444 -2373 0.07 094
13R-1 49-54 6.88 —25.10 0.05 0.63
13R-2 49-54 592 -—-2475 0.12 0.89
13R-3 49-54 508 -23.56 0.02 043
13R-4 49-54 511 —2540 0.11 0.52
13R-5 49-54 4,90 —-2431 0.13 203
13R-6 49-54 5.31  —-25.01 0.08 0.95
14R-1 30-35 4.97 -24.10 0.16 0.89
14R-2 30-35 405 —24.62 0.08 0.99
14R-3 30-35 535 —24.87 0.14 0.87
14R-4 49-54 449 -24.16 0.09 0.67
14R-5 36-42 491 -2469 0.09 1.22
14R-6 36-42 600 -—2410 022 1.39
14R-7 36-42 431 -2405 0.08 1.04
15R-1 30-35 449 2478 0.08 0.80
15R-2 30-35 457 -2489 0.04 043
15R-3 30-35 495 —2520 0.10 0.98
15R-4 30-35 519 -2531 0.5 1.70
15R-5 30-35 4.68 -24.71 0.1 1.28
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Appendix (continued). Appendix (continued).
Sample Sample
Core and interval N C Core and interval N C

section cm) N ¢ () (W) section em) N Pc (W) (W)
645E-15R-6 30-35 4.4]1 -21.53 0.24 1.46 645E-39R-3 84-87 429 -25.12 0.09 0.84
16R-2 38-42 449 -2374 005 0.66 39R-4 B4-88 418 -2492 012 1110
16R-4 87-92 554 -2314 013 114 39R-5 42-45 512 -2481 0.1 L1l
16R-7 52-57 4.48 -25.19 0.09 1.28 40R-1 65-70 5.11 -23.63 0.13 2.03
17R-1 33-38 564 -—19.11 032 219 40R-2 65-70 49 -2473 013 L70
17R-2 34-38 463 -2441 0.19 0.87 40R-3 65-70 4.41 -2429 0.14 129
17R-3 34-39 5.23 —-2449 0.09 1.06 40R-4 65-70 4.98 -24.10 0.05 1.07
17R-4 34-38 448 -23.54 0.11 242 40R-5 65-70 5.0 -25.01 0.11 1.20
17R-5 34-39 4.43 -23.05 0.14 1.52 40R-6 65-70 5.11 -2471 0.11 1.60
17R-6 34-38 486 —-23.75 0.12 1.21 41R-1 28-30 480 -24.12 0.09 1.89
18R-1 31-36 3.45 —-24.21 026 1.01 41R-2 28-30 5.67 -23.65 0.11 250
19R-1 50-55 3.45 -24.13 027 0.83 41R-3 28-30 5.77 —-24.51 0.14 1.69
19R-2 54-59 44 -23.04 007 09 41R-4 28-30 533 -2360 0.10 149
19R-3 49-54 463 -24.82 0.06 0.58 41R-5 28-30 5.61 -24.09 0.11 192
19R-4 49-54 485 -2477 0.07 0.78 41R-6 28-30 6.27 -24.11 015 1.78
19R-5 51-56 4.43 —-24.25 0.08 0.57 42R-1 67-71 476 -—23.87 0.10 1.42
20R-1 40-45 479 -2394 0.10 1.02 42R-2 67-71 507 -24.14 0.1 111
20R-2 40-45 378 -24.57 0.03 0.33 42R-3 67-71 4.93 -23.99 0.10 0.9
20R-3 40-45 428 -2469 0.11 096 42R-4 67-71 5.63 -24.31 0.08 0.80
21R-1 55-60 5.21 —-23.86 0.08 0.81 42R-5 67-71 582 -2465 021 091
22R-1 57-62 6.06 -2493 0.11 0.76 42R-6 67-71 5.59 -25.34 0.11 1.06
22R-2 56-61 5.51 -24.53 0.2 0.75 43R-1 20-24 4.98 -23.89 0.15 159
23R-1 22-27 449 -2422 0.07 049 43R-2 20-24 408 -2374 0.14 3.18
23R-2 22-27 3.7 —-24.74 0.06 0.89 43R-3 20-24 5.01 -23.98 0.11 147
23R-3 22-27 4.54 -23.44 0.05 0.50 43R-4 20-24 5.47 —24.08 0.15 238
24R-1 26-31 4.57 -24.06 0.10 127 43R-5 18-22 547 -2363 015 137
24R-2 26-31 4.39 -23.50 0.06 0.61 43R-6 16-20 5.17 -=2379 0.06 1.64
25R-1 38-43 547 -2372 017 0.70 43R-7 18-22 6.05 -24.54 0.07 212
25R-2 38-43 580 -23.13 0.8 073 44R-1 37-41 4,19 -239 0.10 1.41
26R-1 98-102 1.84 -2450 0.11 0.69 44R-2 37-41 485 -24.10 0.16 2.09
26R-2 98-102 5.88 -23.28 0.03 0.16 44R-3 37-41 5.28 -24.13 0.04 095
26R-3 98-102 4.75 -24.16 0.11 1.09 44R-4 37-41 452 -2470 0.07 147
27R-1 83-87 4.89 -2445 0.11 093 44R-5 37-41 5.28 -24.50 0.13 223
27R-2 80-84 469 -23.50 0.07 0.71 44R-6 37-41 5.18 -2410 0.3 L.71
27R-3 81-85 464 -2442 010 1.22 45R-1 28-32 4.60 -24.25 0.10 1.61
27R-4 81-85 456 -24.63 0.09 1.9 45R-2 28-32 474 -23.830 0.11 1.36
27R-5 81-85 469 -2363 011 1.72 45R-3 28-32 5.05 -2428 0.12 173
27R-6 80-84 4.87 -2507 0.5 1.02 45R-4 28-32 472 -2473 0.16 2.03
28R-1 53-57 424 -2484 0.07 0.78 45R-5 28-32 487 -2381 010 122
28R-2 53-57 484 -2397 0.06 0.63 46R-1 25-29 4.83 -2443 0.10 1.30
29R-1 28-32 450 -2524 0.15 110 46R-2 25-29 6.66 —23.85 028 1.47
29R-2 30-34 480 -25.09 0.11 1.17 46R-3 25-29 5.31 -24.55 0.09 125
29R-3 30-34 4.66 -26.02 0.07 1.16 46R-4 25-29 472 -25.09 0.12 148
29R-4 30-34 4.64 -—24.57 0.08 0.78 48R-1 25-30 564 -—2402 0.17 100
29R-5 30-34 4.52 -2381 011 1.35 48R-2 25-30 488 -2431 0.08 1.08
29R-6 30-34 4.82 -24.08 0.06 0.36 48R-3 25-30 4.45 -24.46 0.08 096
30R-1 66-70 4.67 -24.56 0.09 075 48R-4 25-30 4.87 -24.13 0.07 0.65
30R-2 32-36 490 -2483 0.10 1.30 49R-1 48-53 4.91 —-23.66 0.09 1.46
32R-1 47-51 4.53 -24.78 0.09 1.02 49R-2 47-52 492 -23.23 009 1.13
32R-2 47-51 4,94 -25.19 0.11 1.07 49R-3 48-53 4.62 -23.76 0.08 091
32R-3 47-51 4.61 -24.66 0.08 1.05 49R-4 48-53 479 -—-2442 0.17 1.89
32R-4 47-51 392 -2435 010 0.62 49R-5 48-53 489 -2449 0.16 247
33R-1 44-48 505 -24.92 0.10 094 49R-6 48-53 5.42 -23.30 0.09 1.58
33R-2 44-48 5.62 -23.97 0.07 0.87 50R-1 21-26 6.24 -24.08 0.15 1.83
33R-3 44-48 492 -2494 0.08 0.86 50R-2 20-25 527 -26.01 0.13 239
33R-4 44-48 5.16 -2524 0.08 1.07 50R-3 19-24 519 -239 013 3.77
33R-5 44-48 550 -2409 0.08 093 50R-4 59-64 5.21 —-24.06 0.07 1.51
33R-6 44-48 557 -26.01 0.09 093 50R-5 17-22 5.19 -2433 0.13 2.28
35R-1 44-48 2.98 -24.78 0.14 093 51R-1 17-22 5.23 -2399 0.13 199
35R-2 43-47 4.70 -25.08 0.07 1.28 51R-2 21-26 554 -2371 013 2.04
I5R-3 44-48 7.97 -24.04 0.22 092 52R-1 43-47 436 -24.8 0.11 2.59
35R-4 43-47 5.33 —-24.52 0.10 1.51 52R-2 43-47 511 —-25.63 0.15 240
36R-1 20-26 5.71 -24.09 0.23 1.57 52R-3 43-47 5.21 -24.39 0.11 2.63
36R-2 20-26 6.44 -23.42 0.17 104 52R-4 43-47 320 -23.79 014 1.01
37R-1 25-30 4.52 -2434 0.08 1.01 52R-5 43-47 3.69 -2333 020 271
37R-2 20-23 5.02 -2456 0.08 0.64 53R-1 47-51 4.72 -23.63 0.08 1.03
37R-3 20-25 5.75 -24.75 0.12 1.58 53R-2 47-51 438 -2430 0.12 133
37R-4 20-25 4.63 —-2391 0.08 1.68 53R-3 47-51 5.19 -2338 0.11 1.70
37R-5 20-25 572 -24.05 0.11 1.15 53R-4 47-51 5.15 -23.20 0.11 2.06
37R-6 20-25 501 —24.12 024 141 53R-5 47-51 515  -24.09 0.11 3.20
38R-1 98-103 4.59 -23.94 0.08 0.64 53R-6 47-51 474 -23.61 008 1.07
38R-2 98-103  4.64 —-24.57 0.09 1.11 54R-1 58-62 494 -2350 0.14 1.57
38R-3 98-103 5.35 -24.24 0.11 1.21 54R-2 58-62 4.93 -24.49 0.18 2.15
38R-4 98-103 4,95 —-24.60 0.08 0.72 54R-3 58-62 5.21 -24.24 0.13 2.24
38R-5 98-103 479 -24.16 0.08 0.74 54R-4 58-62 4.78 -23.35 0.11 1.25
38R-6 98-103 501 -24.12 0.08 0.89 54R-5 58-62 5.08 —23.33 0.12 1.82
39R-1 84-87 4.93 -2474 0.06 0.57 54R-6 58-62 5.09 -2342 0.1 191
39R-2 84-87 5.17 -2493 0.11 0.64 55R-1 61-65 5.17 -2341 012 155



Appendix (continued).

Sample
Core and interval N C

section (cm) PN si3c (%) (%)
645E-55R-2 61-65 432 -2390 0.13 230
55R-3 61-65 571 -2459 0.14 275
55R-4 62-66 503 -23.36 0.10 1.46
55R-5 62-66 445 -2434 0.14 2.01
55R-6 61-66 490 -23.76 0.07 1.04
55R-7 61-66 473 -2348 0.07 0.84
56R-1 24-28 472 -2426 0.08 1.18
56R-2 24-28 389 -2454 0.26 0.88
56R-3 24-28 576 -2454 0.15 092
56R-4 24-28 3.03 -2441 006 1.64
56R-5 24-28 4.52 -23.63 0.14 1.43
56R-6 24-48 477 -23.65 0.08 1.41
5TR-1 38-43 395 -24.13 0.10 1.68
5TR-2 38-43 4.34 —-24.05 0.10 1.11
57R-3 38-43 4.90 —24.08 0.11 1.46
S7TR-4 38-43 584 -23.99 0.18 1.48
57R-5 38-43 436 -2437 010 1.13
5TR-6 38-43 503 -2393 009 1.49
58R-1 34-39 5.50 -24.37 0.24 1.87
58R-2 33-37 496 -24.37 0.09 1.18
58R-3 32-36 506 -—-2440 0.12 222
58R-4 29-33 527 -23.76 0.11 1.83
58R-5 29-33 5.17 -23.83 0.12 2.15
59R-1 15-20 484 -24.02 0.07 251
59R-2 15-20 542 -2361 0.11 1.09
59R-3 15-20 485 -23.59 0.10 1.55
59R-4 15-20 500 -23.83 0.10 193
59R-5 15-20 522 -2423 013 1.89
59R-6 15-20 4,92 =2377 0.1 1.54
60R-1 15-18 476 -23.67 0.15 2.63
60R-2 15-18 494 -2356 0.11 170
60R-3 113-116 4.06 -23.70 0.10 1.68
60R-4 15-18 4.36 -2349 0.10 1.50
60R-5 16-19 5.10 -23.57 0.11 198
60R-6 58-61 484 -23.76 0.10 1.61
61R-1 79-83 4.54 -2430 0.11 1.37
61R-2 79-83 673 -24.19 0.12 1.74
61R-3 79-83 5.10 —-23.88 009 0.73
61R-4 79-83 3.15 -2392 008 147
61R-5 79-83 446 —2395 0.08 1.22
61R-6 79-83 4.55 —23.85 0.08 1.57
62R-1 28-32 4.68 -24.25 0.10 134
62R-2 28-32 5.28 -24.05 0.17 1.49
62R-3 25-29 2.56 —23.89 009 1.54
62R-4 28-32 693 -2423 0.09 091
62R-5 28-32 564 -2431 017 095
63R-1 29-33 4.66 —23.68 0.07 092
63R-2 29-33 508 -24.18 0.09 1,33
63R-3 29-33 3.53 -2388 0.06 0.83
63R-4 29-33 450 -23.68 0.06 1.07
63R-5 29-33 4.62 —-24.99 0.07 1.13
63R-6 29-33 499 -23.82 0.14 235
64R-1 28-32 475 -23.27 0.08 1.21
64R-2 28-32 4.81 -23.96 0.10 1.20
64R-3 28-32 6.27 -23.54 0.16 137
64R-4 28-32 503 -23.69 0.16 0.89
64R-5 28-32 415 -23.83 0.07 093
65R-1 25-30 480 -23.77 0.09 1.18
65R-2 25-30 4.78 -2397 0.09 1.17
65R-3 25-30 4.67 -2399 007 0.74
65R-4 25-30 4.97 -24.31 0.11 1.18
65R-5 25-30 4.56 —24.20 0.07 1.20
65R-6 25-30 588 -2392 0.11 0.78
65R-7 25-30 495 -24.24 0.06 0.96
66R-1 32-34 4.36 —-24.24 0.08 1.10
66R-2 32-36 437 -2477 0.03 242
66R-3 32-36 427 —-23.86 006 0.80
66R-4 32-36 4.48 —-23.91 0.07 0.85
66R-5 27-29 563 -24.00 025 2.60
66R-6 40-44 4.31 —24.46 0.12 2.16
67R-1 22-27 277 -24.16 0.08 1.48
67R-2 22-27 441 -2347 0.06 0093
67R-3 23-28 428 -2395 013 178
67R-4 18-23 525 -2398 024 1.53
67R-5 20-25 3.54 2489 0.11 1.00
67R-6 20-25 493 —-2346 026 230
68R-1 35-40 4.78 —-23.82 0.11 1.52

STABLE ISOTOPE ORGANIC GEOCHEMISTRY

Appendix (continued).

Sample
Core and interval N C

section em) N Bc wm) (W)
64SE-68R-2  35-40  4.83 —23.92 0.08 1.33
68R-3  35-40  4.48 -—23.83 0.07 0.93
68R-4  35-40 5.02 -25.62 0.09 1.32
68R-5  35-40 6.00 -2427 0.1 0095
68R-6  35-40  4.09 -24.28 0.04 0.77
69R-1  21-26  4.41 -23.75 0.08 1.29
69R-2  24-29 433 -2562 009 1.33
69R-3  19-24 456 —23.80 0.07 0.98
69R-4  34-39  4.19 —-23.80 0.07 0.65
69R-5  59-64 485 -23.80 0.1 170
69R-6  13-18 48 -2373 0.1 1.89
T0R-1 17-22 3.61 -23.07 005 0.39
T0R2  19-24 412 -23.66 0.09 L.11
70R-4  15-20 470 -23.87 0.09 1.21
70R-5  23-28 443 -2376 0.05 1.24
7IR-1 1621 437 -2430 0.06 080
7IR2  16-21 471 -2436 0.0 1.90
7R3 16-21 407 -24.56 0.08 1.62
71R4  23-28 522 -23.92 021 1.37
T2R-1 33-37 3.81 —2626 009 0.94
T2R-2  33-37 421 -2434 008 095
72R-3  34-38 354 -2390 008 171
T2R-4  33-37 422 2450 0.10 094
T2R-5  33-37 422 -23.89 0.07 049
72R-6  33-37 422 -2448 0.0 082
73R-1 20-24 430 -2431 008 1.24
73R-2  20-24 429 -2421 0.07 0.71
3R3 20-24 6.02 -23.86 0.15 0.78
73R4  20-24 439 -2507 0.1 1.69
73R-5  20-24 339 —24.95 007 0.60
74R-1  44-48 486 -24.18 008 0.84
74R-2  44-48 408 -2391 0.07 0.56
74R-3  44-48 405 -—24.15 0.06 0.69
74R-4  44-48 232 -24.50 0.18 0.60
74R-5  44-48 391 -23.87 007 035
74R-6  44-48 448 -23.85 007 0.68
T5R-1  48-52 4.63 -2447 013 0.69
75R-2  48-52 424 -2476 0.06 0.43
7SR-3 48-52 421 -2520 0.08 0.8
75R-4  48-52 442 -24.88 0.08 097
T6R-1  48-52 460 ~-24.50 0.08 0.96
76R-2  48-52 411 -24.18 0.09 0.50
76R-3  48-52 545  —2521 0.7 1.83
T6R-4  48-52 3.83 -2408 0.09 0.69
T6R-5  48-52 3.85 —26.04 0.08 074
T6R-6  48-52 450 -2533 0.13 1.69
77R-1  45-50 446 —24.68 008 0.70
77R-2  45-50 3.84 -2462 0.09 074
77R-3  45-50 474 -2419 007 0.42
77R4  45-50 693 —24.88 0.16 0.80
77R-5  45-50 4.19 -20.83 0.1 0.90
78R-1  29-33 440 -24.65 0.1 113
78R-2  29-33 481 -2421 006 0.64
78R-3  29-33 424 -2431 0.1 0.87
78R4 29-33 3.62 -24.37 0.05 0.49
78R-S  29-33 435 -2543 0.1 1.66
78R-6  29-33 472 -2488 011 1.25
645F-2H-1 9-10 6.17 —2531 0.04 0.34
2H-1 30-31 4.86 -25.73 0.02 036
2H-1 52-53 494 -25.19 0.02 024
2H-1 70-71 577 —22.88 0.02 020
2H-1 87-88 6.47 -2491 001 0.35
3H-1 4-5 4.8 -23.09 0.02 029
3H-1 21-22 505 -25.62 0.02 030
3H-1 39-40 482 -23.04 0.03 0.4]
3H-1 59-60 633 -2420 0.02 0.24
3H-1 80-81 828 -25.74 0.03 0.7
3H-1  100-101  4.24 -2420 002 0.38
3H-1  119-120  3.61 -21.03 0.03 0.05
3H-1  142-143 637 -24.97 0.02 0.32
3H-2 10-11 752 -23.66 0.02 0.2
3H-2 30-31 429 —2470 0.2 027
3H-2 50-51 717 -26.75 0.02 0.59
IH-2 70-71 453 -23.79 0.02 0093
3H-2 91-93 579 -2628 0.02 1.0l
3H2  110-111 10.69 -24.68 0.03 0.24
3H-2  129-130 476 —22.65 0.04 0.6
3H-2  146-147  3.87 -26.71 0.02 039
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Appendix (continued).

Sample

Core and interval N C
section (cm) PN B (m) (W)
645F-3H-3 9-10 3.47 -25.16 0.03 0.89
3H-3 33-34 431 —24.15 0.03 0.38
3H-3 50-51 563 -2599 002 0.24
3H-3 69-70 8.23 —26.64 001 0.51
3H-3 89-90 407 -25.51 0.03 0.72
3H-3 109-110 477 -26.12 0.06 0.35
3H-3  130-131 537  -21.52  0.02 0.68
3H-4 30-31 512 -2674 0.03 0.65
IH-4 52-53 454 -2435 0.03 0.56
IH-4 69-70 500 —25.15 0.03 0.45
3H-4 89-90 6.22 -25.52 0.03 0.42
3H-4  114-115  5.01 -25.84 004 042
IH-5 9-10 476 -25.52 0.04 0.97
3H-5 30-31 7.65 —-2639 0.03 049
3H-5 50-51 491  -2633 005 1.20
3H-5 69-70 451 -23.07 003 031
IH-5 86-87 447 -25.55 0.03 0.40
3H-5  109-110  5.99 2623 0.02 0.35
3H-S  129-130  7.22 —26.18 0.03 0.32
645G-1H-1 9-10 920 -26.52 0.04 0.16
1H-1 28-29 7.44  -2430 0.02 0.19
1H-1 49-50 8.84 —24.94 001 0.11
1H-1 69-70 5.80 —25.54 0.01 0.11
1H-1 93-94 528 -2521 0.01 0.13
1H-2 3-4 6.16 —27.59 002 0.33
1H-2 20-21 576 —26.38 0.01 0.23
1H-2  40-41 513  -=2579 0.01 0.23
1H-2 59-60 476 -25.12 001 0.20
1H-2 80-81 445 -2486 0.01 024
1H-2 99-100  5.54 —23.35 0.02 0.22
1H-2  119-120 7.29 -24.58 0.02 0.30
IH-2  138-139 334 -2229 0.01 0.06
1H-3 3-4 8.63 —-24.82 0.03 031
1H-3 20-21 736 —22.06 0.03 0.26
1H-3 39-40 5.64 —2645 0.03 0.22
1H-3 59-60 710 -26.55 0.02 0.19
1H-3 79-80 6.61 —27.16 0.01 0.28
1H-3 99-100  7.58 -23.19 0.02 0.25
IH-3  120-121 10.03 -25.50 0.04 0.21
1H-4 10-11 571 —-27.12  0.02 045
1H-4 28-29 8.42 -2539 0.03 0.54
1H-4 48-49 631 —27.18 0.03 0.38
1H-4 69-70 535 —26.97 0.02 0.18
1H-4 89-90 6.2¢ —27.54 0.01 021
1H-4  109-110 539 -2526 0.01 0.7
IH-4  129-130  3.05 -2546 0.02 0.11
I1H-4  146-147 569 —27.22 0.02 0.37
1H-5 3-4 3.60 -26.85 001 022
1H-5 20-21 738 -25.15 0.2 0.19
1H-5 41-42 7.01  -23.03 0.03 025
2H-1 58-59 442 -27.09 0.02 033
2H-1 79-80 447 -2468 0.02 0.35
2H-1  100-101  7.36 —25.67 0.03 0.26
2H-1  120-121 484 —25.84 0.02 0.05
2H-1  140-141  7.97 -26.41 0.03 027
646A-1H-1 1-6 6.43 -23.03 0.3 092
1H-1 15-20 636 —25.51 0.03 0.I6
1H-1 21-26 840 —22.07 0.08 0.37
1H-1 37-42 696 —22.00 0.04 0.41
1H-1 58-63 843 -23.82 0.04 0.36
1H-1 78-83 8.68 —23.30 0.09 0.34
IH-1  102-107 639 -23.92 0.05 0.34
1H-1  118-123  7.52 -24.43 0.03 0.24
IH-1  142-147 778 —24.98 005 0.32
1H-2 16-21 7.08 -24.48 0.04 0.38
1H-2 21-26 6.61 —2277 0.03 027
1H-2 43-48 673 —24.68 0.04 024
1H-2 60-65 6.66 —23.78 0.02 0.18
1H-2 77-83 6.86 —23.90 0.03 0.24
1H-2 99-104  5.03 -22.68 0.05 0.18
1H-2  127-132 500 -24.55 0.02 0.17
1H-2  145-150  9.04 -23.73 0.03 0.22
1H-3 16-21 3.86 -2428 0.02 0.19
1H-3 21-26 6.36 —23.43 0.03 020
1H-3 39-44 581 -27.68 0.03 0.13
1H-3 59-64 6.26 —24.87 0.03 0.30
1H-3 79-84 7.61  —25.45 0.05 0.34
1H-3 98-103  6.45 —23.80 0.05 0.30

Appendix (continued).

Sample
Core and interval N C

section em) &N ¥c  m) (W)
646A-1H-3  118-123 6.8 —23.26 0.04 0.28
1H-3  129-134 553 -24.08 0.04 0.31
1H-4 2-6 778 —23.52 0.03 0.28
1H-4 17-23  6.8¢ -23.58 0.05 0.19
1H4  37-42 633 -24.68 0.02 017
2H-1 4-5 535 —26.97 0.03 0.09
2H-1 24-25 6.08 —24.60 002 0.17
2H-1 44-45 602 -24.68 003 026
2H-1 51-56 644 —25.03 0.03 0.23
2H-1 64-65 9.47 —25.04 003 0.23
2H-1 87-88 472 -2475 003 0.2l
2H-1  107-108  6.06 —24.58 0.02 0.24
2H-1  128-129  6.61 -2470 0.02 0.17
2H-1  144-145  5.52 -23.55 0.03 0.17
2H-2 8-9 599 -24.10 0.03 024
2H-2  24-25 674 2513 0.03 021
2H-2  44-45 6.48 -2376 0.01 0.16
2H-2 51-56  6.71 —24.23 0.01 0.21
2H-2  63-64 618 —2530 0.02 022
2H-2  89-90  6.10 —24.88 0.2 0.22
2H-2  107-108  4.81 -23.12 0.02 0.2
2H-2  129-130 6.48 —27.38 0.03 0.28
2H-2  144-145 640 -23.75 0.02 0.1
2H-3 9-10  6.54 -2440 0.02 0.5
2H-3 23-24  5.65 —-2471 002 0.5
2H-3 41-42 631 -2329 0.02 0.5
2H-3 51-56 6.40 —26.88 0.02 0.30
2H-3 63-65 596 —23.33 0.02 0.15
2H-3 90-91 613 -27.27 0.04 029
2H-3  107-108 938 —23.70 0.05 0.15
2H-3  129-130 8.48 —23.46 0.04 0.18
2H-3  146-147 646 —23.99 0.02 0.11
2H-4 8-9 576 —27.37 0.02 024
2H-4 23-24 641 —-23.83 002 0.4
2H-4  40-4] 6.69 —23.89 0.02 0.8
2H4  51-56  6.16 —23.15 0.2 0.19
2H4  62-63 4.58 -23.01 002 0.19
2H-4 87-88 7.19 -25.73 0.03 029
2H-4  107-108  7.40 —23.95 0.03 0.26
2H-4  128-129 636 —23.53 0.04 0.28
2H-4  146-147 555 -23.56 0.03 0.35
2H-5 9-10 642 -2327 0.04 0.29
2H-5  23-24 6.4 -2334 0.04 035
2H-5 40-41 591 —2291 0.04 029

2H-5 53-58 7.08 0.05
2H-5 63-64 548 2285 0.04 029
2H-5 82-83 571 -23.50 0.04 035
2H-5  103-104 672 —25.45 0.01 0.08
2H-6 9-10  6.25 —23.40 003 027
2H6  24-25 6.85 —22.96 0.03 024
2H-6  41-42 7.53 —23.74 0.03 034
2H-6  64-65 722 -24.15 003 022
2H-6  83-84 772 -24.07 0.03 0.23
2H-6  98-99 771  —23.43  0.03 027
2H-6  119-120 890 -23.93 0.02 0.14
2H-6  145-146  S5.68 —23.97 0.03 027
2H-7 15-16  7.14 —2433 002 0.5
2H-7 35-36 852 —23.62 0.03 0.19
2H-7  57-58  9.81 -25.55 0.07 0.21
3H-1 28-29  8.16 —-22.92 0.03 0.19
3H-1 53-54 5.84 —24.85 0.03 026
3H-1 60-65  6.01 -23.01 0.06 0.26
3H-1 73-74  6.62 —23.35 0.03 0.19
3H-1 90-91 553 —23.45 004 035
3H-1  112-113 731 -24.04 0.03 0.26
3H-1 133-134 6.8 -23.82 0.03 0.17
3H-2 4-5 7.45 —24.60 002 0.15
3H-2  22-23 824 -23.92 0.07 021
3H-2 4142 7.03 -24.01 003 0.23
IH-2  60-65 619 —24.00 006 0.29
3H2  T71-72 5.58 —23.85 0.04 0.28
3H-2  87-88 524 -23.68 0.05 0.28
3H2  113-114 871 -24.04 009 037
3H2  140-141 715 -25.17 0.01 0.11
3H-3 3-4 11.48 -23.32 007 0.21
3H-3 21-22 615 -2323  0.02 0.16
JH3  41-42 7.08 —25.00 0.02 0.17
3H-3 60-65  6.18 —24.07 0.03 0.16
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Appendix (continued). Appendix (continued).
Sample Sample
Core and interval N C Core and interval N C

section em) N ¢ (M) (M) section (em) 8N Bc (W) (W)
646A- 3H-3 79-80 6.89 -25.09 0.02° 0.25 646A-6H-7 14-19 5.50 -23.70 0.05 0.42
3H-3 101-102 8.08 -—-2462 0.01 0.09 TH-1 19-23 595 -24.02 0.04 0.34
3H-3 121-122 7.04 -2385 0.02 0.19 TH-2 19-23 5.65 -24.17 003 0.19
3H-3 145-146 6.27 -23.87 003 0.25 TH-3 19-23 6.61 -2442 0.04 0.19
3H-4 17-18 6.90 -—23.98 0.03 027 TH-4 19-23 6.00 -2437 0.03 0.21
3H-4 40-41 8.66 -—-23.12 0.03 0.22 TH-5 19-23 6.12 —-24.20 0.02 0.15
3H-4 60-65 8.71 -2369 0.05 0.19 TH-6 19-23 580 -—-2446 003 0.14
3H-4 77-78 6.64 -—2292 0.03 0.20 TH-7 19-23 5.38 -24.02 004 024
3H-4 101-102 6.89 -26.58 0.02 0.22 8H-1 25-30 5.72 -24.47 0.03 0.28
3H-4 120-121 6.38 -—-25.04 0.03 0.20 8H-2 25-30 562 -—-2466 002 0.17
3H-5 12-13 6.65 —24.15 0.03 0.25 8H-3 25-30 532 -2335 002 0.14
3H-5 30-31 6.28 -2390 0.02 0.17 8H-4 35-40 515 -24.38 0.04 025
3H-5 52-53 7.05 —-24.62 0.03 0.18 8H-5 25-30 530 -23.56 0.06 0.17
3H-5 54-59 5.17 -22.88 0.03 0.18 9H-1 103-108 532 -23.36 0.02 0.08
3H-5 74-75 8.17 -2354 0.02 0.11 9H-2 104-110 537 -27.28 0.03 041
3H-6 4-5 6.89 -2533 0.02 0.15 9H-3 104-110 529 -2351 005 0.38
3H-6 22-23 6.18 -23.79 0.02 0.14 9H-4 104-110 4.61 -26.20 0.03 0.26
4H-1 35-40 5.19 -2745 0.02 0.09 9H-5 105-111 6.43 —-2440 002 0.15
4H-2 32-37 4.71 -25.93 0.02 0.07 10H-1 15-20 9.14 —-2343 0.07 0.20
4H-3 35-40 4.71 -26.39 0.02 0.10 10H-2 15-20 5.16 -—24.04 0.04 0.36
4H-4 35-40 5.27 —-2593 0.03 0.07 10H-3 15-20 516 -—25.33 0.02 0.21
4H-5 35-40 5.18 —-23.35 0.04 0.38 10H-4 15-20 6.51 —22.83 003 030
4H-6 35-40 5.93 -23.85 0.03 0.20 10H-5 15-20 5.75 —2348 0.03 0.16
5H-1 82-87 526 -23.39 0.03 0.30 11H-2 18-23 3.94 2398 0.04 0.39
5H-2 30-35 5.88 -2321 002 0.9 11H-1 18-23 471 —=23.78 0.04 0.36
5H-3 30-35 459 -2597 0.05 0.39 11H-2 18-23 582 -2403 0.02 0.11
5H-4 30-35 4.57 -2540 0.03 0.27 11H-3 18-23 4.56 -—-24,14 0.04 0.33
5H-5 30-35 6.25 -23.15 0.03 021 11H-4 18-23 4,11 —-24.01 0.04 0.37
5H-6 30-35 526 -23.17 0.03 021 11H-5 18-23 5.45 -23.29 0.02 0.11
6H-1 20-27 9.11 -24.24 0.07 0.18 646B-1H-1 1-3 586 -—2423 0.04 034
6H-1 38-43 3.03 -24.37 003 0.23 1H-1 18-20 7.05 —-24.81 0.05 0.49
6H-1 46-52 8.78 -2425 0.05 0.22 1H-1 36-38 5.53 -—-2480 0.06 0.59
6H-1 60-66 7.81 —2428 0.05 0.15 1H-1 58-60 5.62 -—23.05 005 033
6H-1 79-85 10.37 -26.26 0.04 0.16 1H-1 78-80 540 -23.29 0.03 0.17
6H-1 100-106 8.89 —-2449 0.06 0.20 1H-1 100-101 5.62 —24.01 003 0.20
6H-1 115-121 9.16 -24.16 0.07 0.29 1H-1 119-120 8.08 —-24.24 003 0.19
6H-1 140-146 7.05 -2485 0.07 0.28 1H-1 141-142 6.36 —22.50 0.01 0.09
6H-2 18-23 6.63 -2494 0.05 047 1H-2 11-12 7.17  -24.16 0.03 0.22
6H-2 44-50 748 -24.18 0.06 0.20 1H-2 30-31 7.71 -24.59 0.03 033
6H-2 60-65 7.55 -2515 0.05 020 1H-2 50-51 9.82 -22.85 0.08 0.31
6H-2 77-82 7.60 -24.69 0.06 0.64 1H-2 70-71 6.09 —-26.23 0.02 0.15
6H-2 100-106 6.30 -24.69 0.07 0.28 1H-2 90-91 5.64 —22.03 003 0.19
6H-2 121-127 9.38 -2438 0.06 0.19 1H-2 110-111 6.63 -22.66 0.03 0.22
6H-2 138-144 3.56 -2475 0.04 0.10 1H-2 130-131 594 -2344 003 0.27
6H-3 18-24 7.81 -2447 0.07 0.21 1H-2 146-148 6.34 -—-2262 0.03 025
6H-3 38-42 398 -2439 0.04 0.29 1H-2 148-149 566 -—2323 0.04 0.22
6H-3 43-48 8.95 -24.24 0.07 022 1H-3 20-21 6.68 —-23.11 0.03 0.21
6H-3 59-64 6.36 -—-2440 0.06 0.26 1H-3 39-40 6.39 -2299 0.05 0.30
6H-3 76-80 9.69 -26.05 0.11 041 1H-3 60-61 6.40 —23.21 0.03 021
6H-3 96-102 6.80 —-24.19 0.06 0.28 1H-3 B0-81 5.71 -23.73 0.03 0.52
6H-3 122-128 6.00 -2443 0.09 042 1H-3 100-101 6.24 -2476 0.03 034
6H-3  140-145 8.26 -24.01 0.06 0.14 1H-3 121-122 533 -23.31 0.04 0.15
6H-4 20-26 944 -25.12 010 0.30 1H-3 140-141 6.54 —-23.63 0.02 0.12
6H-4 39-44 550 -23.76 0.03 0.22 1H-4 9-10 378 -2433 0.03 031
6H-4 44-50 8.68 -24.23 0.08 0.27 1H-4 29-30 5.55 —-23.66 0.02 0.13
6H-4 59-65 9.87 -25.00 0.08 023 1H-4 49-50 5.32 -26.55 0.02 0.27
6H-4 80-86 9.91 -2389 0.06 0.17 1H-4 69-70 4.97 —-23.48 0.03 0.25
6H-4 101-108 10.76 -25.25 0.06 0.21 1H-4 89-90 4.28 —-2494 0.04 023
6H-4 121-127 8.79 -2405 0.05 0.17 1H-4 109-110 5.38 -22.88 0.06 0.24
6H-4 141-147  11.13 -24.76 0.06 0.29 1H-4 129-130 6.62 —2291 0.05 0.39
6H-5 21-28 10.26 -—-2536 0.07 0.26 1H-5 3-4 6.89 —-24.09 0.04 0.36
6H-5 30-35 6.16 —-24.01 0.04 0.29 1H-5 20-21 7.04 2290 002 0.19
6H-5 42-48 8.27 -2406 0.06 0.26 1H-5 39-40 597 -23.20 0.03 0.26
6H-5 64-70  10.29 —2572 0.02 0.08 1H-5 59-60 485 —22.58 0.03 021
6H-5 80-86 8.79 -2421 0.06 0.19 1H-5 79-80 7.2 -23.09 003 0.20
6H-5 102-108 8.87 -24.10 0.05 0.32 IH-5 99-100 6.29 -26.32 0.03 0.38
6H-5 121-128 8.10 -23.84 0.05 0.32 2H-3 4-5 6.74 -26.93 0.01 0.28
6H-5 141-148 7.63 -2476 0.06 0.34 2H-3 21-22 6.18 -23.13 0.02 0.16
6H-6 20-26 4.00 -2520 0.14 0.15 1H-5 120-121 7.61 —-23.87 0.04 033
6H-6 41-47 8.20 -25.14 0.06 0.37 2H-3 39-40 5.72 -23.22 0.03 0.28
6H-6 60-67 10.29 -23.72 0.08 0.19 IH-5 139-140 7.22 -23.05 0.03 0.17
6H-6 80-87 8.03 -2439 0.06 0.26 2H-3 59-60 6.97 -—-23.69 0.04 027
6H-6 100-106 6.47 —-25.27 0.04 0.56 IH-6 9-10 4.02 -22.75 0.04 0.27
6H-6 38-43 5.35 -23.14 0.02 0.17 2H-3 79-80 5.94 -23.32 004 0.32
6H-6 120-126 564 -2403 0.06 0.26 1H-6 29-30 5.73 -2293 0.4 027
6H-6 139-145 8.15 —-24.15 0.04 0.32 2H-3 100-101 3.83 —-23.87 0.05 041
6H-7 20-26 7.93 -25.50 0.07 024 1H-6 50-51 341  -22.61 003 0.26
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Appendix (continued). Appendix (continued).
Sample Sample
Core and interval N C Core and interval N C

section em) N Bc @) (W) section em) "N sB¥c  (m) (W)
646B-2H-3  120-121  5.86 —23.74 0.05 0.56 646B-4H-1 144-145 626 -26.02 0.02 0.28
IH-6 70-71 500 -2232 0.04 0.29 4H-2 18-19 6.88 -26.06 0.02 022
2H-3 140-141 6.24 -25.06 002 0.11 4H-2 38-39 594 -2390 0.02 0.08
1H-6 90-91 652 —-23.34 0.03 0.28 4H-2 58-59 8.17 -2426 0.05 023
1H-6 130-131 1031 -2425 0.04 0.13 4H-2 79-80 6.19 -23.81 0.02 0.5
2H-4 39-40 6.44 -23.83 0.02 0.15 4H-2 99-100 563 -23.55 0.02 020
2H-4 60-61 582 -—-2444 0.03 0.19 4H-2 119-120 944 2405 0.03 0.22
1H-7 9-10 49 -23.13 002 0.13 4H-2 139-140 556 -24.11 0.02 0.17
2H-4 79-80 633 -2405 0.03 0.12 4H-3 18-19 6.16 —2465 0.06 034
2H-4 100-101 6.40 -2466 0.03 0.29 4H-3 38-39 6.15 -—-2452 002 014
2H-4 110-111 449 -24.16 0.03 0.73 4H-3 58-59 6.26 —23.90 0.02 0.14
2H-4 137-138 599 -2391 0.04 031 4H-3 79-80 8.84 -23.76 0.02 0.5
2H-5 3-4 7.41  -2439 0.07 0.22 4H-3 99-100  7.29 -23.90 0.02 0.17
2H-5 20-21 8.11 -2448 0.03 0.22 4H-3 119-120 523 -2464 0.02 0.18
2H-5 60-61 6.11 -=24.19 0.02 021 4H-3 139-140 692 -26.56 0.02 0.18
2H-5 39-40 6.17 -—2448 0.03 0.26 4H-4 18-19 6.59 -2348 0.02 0.10
2H-5 B0-81 543 -2575 0.02 0.34 4H-4 38-39 7.08 -2386 0.02 0.16
2H-5 100-101 6.05 -23.76 0.03 0.22 4H-4 58-59 489 -2434 002 028
2H-5 120-121 626 —22.47 0.02 0.13 4H-4 79-80 593 -2437 0.03 043
2H-5 140-141 599 -26.92 0.02 027 4H-4 99-100 677 -—23.86 0.02 047
2H-6 7-8 609 -—-2388 003 022 4H-4 119-120 693 -2476 0.02 0.19
2H-6 30-31 7.41 -23.52 0.02 0.13 4H-4 139-140 463 -27.54 0.03 0.06
2H-6 50-51 599 -2537 0.01 0.14 4H-5 18-19 5.19 -23.72 0.03 021
2H-6 64-65 6.80 -25.17 0.02 0.20 12H-1 75-80 593 -25.62 0.02 0.19
3H-1 19-20 8.41 -23.06 0.03 0.20 12H-2 75-80 5.09 -2504 0.01 0.20
3H-1 39-40 4.14 -2220 0.05 0.22 12H-3 75-80 4.56 —25.52 0.04 045
3H-1 59-60 6.19 -2300 002 0.6 12H-4  75-80 9.69 -25.63 0.06 0.30
3H-1 79-80 5.63 -22.88 003 0.22 12H-5 20-25 7.16 -27.37 0.02 031
3H-1 99-100  5.15 -22.74 0.04 0.31 13H-1  20-25 400 -26.16 0.04 046
3H-1 119-120 550 -23.44 0.02 0.18 13H-2 20-25 6.22 -27.37 0.08 0.38
3H-1 139-140  6.09 -23.28 0.02 0.44 13H-3  20-25 590 -23.68 0.03 0.15
3H-2 8-9 497 -23.06 0.04 0.32 13H-4 20-25 747 -2492 003 036
3H-2 29-30 6.00 -23.27 0.02 041 13H-5 20-25 568 —2529 0.03 0.27
3H-2 48-49 540 -23.10 0.04 0.34 14H-1 35-40 6.31 —-25.14 0.03 023
3H-2 69-70 7.04 -23.07 004 0.28 14H-2 35-40 438 -2344 0.05 0.17
3H-2 88-89 6.26 -2343 003 0.27 14H-2 35-40 9.26 -24.68 0.06 0.32
3H-2 109-110 632 -2245 003 0.02 14H-3 35-40 545 -—-24.65 0.04 049
3H-2 128-129 6.44 2340 0.03 0.25 14H-4 35-40 6.69 -24.69 0.04 027
IH-2  145-146  8.64 2369 007 0.30 14H-5  35-40 498 -2528 0.03 0.19
3H-3 12-13 6.60 —-24.11 0.03 0.30 14H-6 35-40 574 -23.87 0.04 038
3H-3 29-30 539 -2420 0.08 0.36 18X-1 40-45 5.5 -2445 0.04 033
3H-3 49-50 5.81 -23.8 004 024 18X-2  28-33 7.83 -25.29 0.04 0.22
3H-3 69-70 560 -24.02 0.03 037 18X-3 28-33 6.23 -25.00 0.04 030
3H-3 90-91 8.03 -23.42 002 0.15 20X-1  27-32 6.56 —24.82 0.03 0.21
3H-3 109-110 9.00 -2474 0.03 0.21 20X-2 27-32 544 —-2540 0.05 039
3H-3 129-130  7.57 —24.61 0.03 0.25 20X-3  27-32 5.02 -2533 010 048
3H-3 147-148 6.84 -2421 003 023 20X-4 27-32 4.8 -25.08 005 0.36
3H-4 7-8 842 -24.13 0.05 0.27 20X-5  27-32 7.67 -23.43 006 0.26
3H-4 28-29 6.0 -23.72 0.02 0.19 20X-6 27-32 440 -25.89 0.04 0.30
3H-4 48-49 575 -23.23 0.03 023 21X-1 17-22 6.44 —-24.69 0.07 0.57
3H-4 68-69 6.28 -—23.02 0.02 0.16 21X-2 17-22 470 -2374 0.05 042
3H-4 88-89 7.97 -25.12 0.03 0.15 21X-3 17-22 503 -24.18 0.04 037
3H-4  109-110  8.17 —24.86 0.06 0.22 21X-4  17-22 405 -23.84 006 0.54
3H-4 128-129 6.63 —23.56 0.02 0.20 21X-5 17-22 5.50 —23.30 0.04 0.26
3H-4 147-148 879 -23.78 0.06 023 22X-1 65-70 410 -23.89 0.03 0.58
3H-5 10-11 6.07 -23.44 0.03 022 22X-2  64-69 472 -23.71 0.02 0.58
3H-5 29-30 553 -25.16 0.02 1.18 22X-3 65-70 476 -2425 0.02 0.14
3H-5 50-51 6.69 —2423 0.03 0.18 22X-4 64-69 472 -23.11 0.02 0.1
3H-5 90-91 580 -24.23 002 0.20 2X-6  64-69 5.66 —23.15 0.02 0.12
3H-5 109-110 6.74 -24.03 0.04 023 22X-7 5-10 4.11 -2394 0.03 022
3H-6 2-3 7.51 -24.23 0.04 0.26 23X-2 35-40 8.14 -2475 0.10 0.54
3H-6 19-20 5.14 -24.81 005 0.38 26X-1 39-44 6.63 —23.74 0.04 0.35
3H-6 39-40 6.61 —-24.36 0.05 043 26X-2 39-44 4.61 —-23.58 0.05 0.39
3H-6 61-62 559 -26.11 0.03 041 26X-3 39-44 635 -23.07 0.04 029
3H-6 74-75 7.85 -26.01 002 0.39 26X-4  39-44 9.58 -23.78 0.10 0.33
3H-6 91-92 548 -23.04 0.02 023 26X-5 39-44 454 -24.17 0.04 040
3H-6  109-110  7.39 -23.64 0.03 0.17 29X-1  40-45 4.66 —24.08 0.04 037
3H-6  131-132  6.69 -24.02 0.02 0.13 29X-2  40-45 448 —-24.87 0.04 0.41
3H-6 147-148 7.78 -25.54 0.02 0.14 29X-3 40-45 3.61 —23.88 0.03 0.39
3H-7 9-10 572 -23.53 0.02 0.3 29X-4 40-45 453 -2461 0.05 040
3H-7 29-30 6.01 -23.37 002 0.10 29X-5 40-45 475 -23.76 0.05 0.30
4H-1 6-7 49 -2596 0.02 0.27 29X-6 40-45 5.41 -23.87 0.02 0.21
4H-1 26-27 543  -23.86 002 0.22 30X-1 39-44 7.64  -2432 0.04 031
4H-1 46-47 5.89 -23.59 0.03 022 30X-2 39-44 450 -2521 0.04 033
4H-1 66-67 510 -=2361 0.02 0.15 30X-3 39-44 525 -2378 0.06 0.39
4H-1 86-87 6.08 -23.31 002 0.18 30X-4  39-44 526 -23.77 0.04 032
4H-1 106-107 8.88 -23.59 0.02 0.2 30X-5 39-44 533 -23.21 0.04 041
4H-1 126-127 5.58 -2454 0.03 0.18 I0X-6 39-44 562 -2452 0.04 040



Appendix (continued).

Sample
Core and interval N C

section em) N Bc (m) (W)
646B-31X-1  27-32 3.90 -2348 0.05 029
3IX2  27-32 551 —23.86 0.04 0.28
31X3  27-32 445 -2352 005 033
31X-4  27-32 517 —23.48 0.04 0.40
X5 27-32 396 —23.06 004 035
X6 27-32 497 -2433 0.03 039
2X-1 18-23 3.83  —2341 0.05 0.35
32X-2  18-23 589 —23.71 0.06 0.48
32X-3 18-23 713 -23.94 0.2 042
32X-4  18-23 535 —23.18 0.06 0.43
312X-5  27-23 499 -2335 0.06 043
2X-6  27-23 371 —23.63 0.04 0.48
33%X-1  25-30 433 —2334 0.07 049
33X-2  25-30 6.17 -23.80 0.10 0.48
33X-3  25-30 637 —2530 0.05 0.57
33X-4 2530 503 —26.15 0.04 0.36
33X-5  25-30 508 —2425 0.10 0.42
35%X-1  22-28 6.14 —2334 006 044
35X-2  23-28 530 —23.84 0.03 0.28
X2 71-76 3.54 -2355 0.04 0.29
36X-3 8-13 534 —2408 0.04 0.41
36X-4  53-55 475 -23.68 0.05 033
36X-5  14-17 6.86 —23.89 0.13 0.39
36X-6  114-119 601 -24.16 0.04 034
36X-7 1-3 674 —27.10 0.04 0.09
37X-1  30-35 7.10 -24.43 0.06 027
37X-2  30-35 390 -23.80 0.07 0.33
37X-3  30-35 640 —2364 0.07 0.34
37X-4  30-35 536 —24.16 0.04 0.29
37X-5  30-35 684 —2444 004 023
37X-6  30-35 417 -2449 0.05 031
37X-7 24-29 5.80 —23.84 0.04 028
38X-1  58-61 398 —23.63 0.03 022
38X-2  58-61 501 —25.42 0.03 0.39
38X-3  53-56 515 —23.78 0.04 0.30
38X-4  58-61 7.60 —2550 0.11 028
38X-5  57-60 461 -2328 0.04 022
9X-1 19-24 542 -22.06 0.02 031
9X-2  19-24 562 —23.07 0.03 0.23
39X-3 19-24 4.68 —24.57 0.04 027
39X-4  19-24 653 -2423 0.08 0.49
39X-5  19-24 5.06 —2271 0.04 0.30
9X-6  19-24 533 -2359 0.04 023
40X-1  21-26 538 —23.14 0.03 0.26
40X-2  21-26 6.73 -23.88 0.04 0.31
40X-3  21-26 554 —25.02 0.03 034
40X-4  21-26 630 -24.00 0.03 027
40X-5  21-26 464 -2371 0.04 0.51
40X-6  21-26 678 —23.66 0.03 0.0
40X-7  17-22 6.12 -2349 0.03 0.22
41X-2  26-30 533 —2401 0.04 032
41X-3 27-31 410 -23.13 0.04 0.26
41X-4  19-23 443 -2403 004 0.29
41X-5  27-31 567 —24.17 0.04 025
41X-6  27-31 483 —-2408 0.03 0.52
42X-1  16-21 6.51 -2695 0.10 0.61
42%-2 9-14 5.09 -23.51 006 027
42X-3 9-14 471 -23.83 005 034
42X-4 9-14 5.26 —2674 0.04 028
42X-5 8-14 423 -26.59 0.05 0.09
42X-6  17-22 444 -2371 0.04 0.30
43X-3  111-116  3.61 —24.58 0.04 0.37
46X-2  64-67 659 -2528 0.04 0.34
49X-2 2328 491 -2472 0.06 0.59
S0X-1  72-77 469 -2408 0.04 0.28
50X-3 0-5 490 -2375 0.03 025
51X-1  107-112  5.31  —24.14 0.05 0.36
56X-1 7-10 514 —2384 003 0.17
56X-2  17-20 484 2448 005 0.29
56X-3  20-23 475 -2349 0.06 024
61X-1  100-103  5.54 —23.85 005 043
62X-1  66-70 485 -2373 005 0.07
62X-2  19-23 515 —23.20 0.05 0.27
62X-4 6-10 4.9 -2578 0.07 0.12
62X-5  18-20 3.58 —2391 0.04 027
63X-1  46-50 6.66 —2478 0.08 0.18
63X-2  54-56 538 —2432 0.09 0.28
63%X-3  14-16 478 -24.14 0.05 0.38
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Appendix (continued).

Sample
Core and interval N C

section em) N ¢ m) (W)
646B-65X-1  40-44 576 -—23.87 0.04 0.28
65X-2  54-59 497 —2403 0.04 0.28
65X-3 5-8 434 -2388 0.04 0.30
65X-4 7-11 488 —2484 004 0.42
65X-5  88-93 516 —24.12 0.03 031
66X-1 1115 474 -2493 0.03 0.5
67X-1  16-17 597 -2489 0.09 0.54
67X-2 7-8 549 —2409 0.0 0.35
67X-3  15-16 577 —2457 0.4 047
67X-4 4-5 491 -23.53 0.06 0.28
67X-5  17-18 560 -—2521 0.05 0.34
67X-6  25-26 6.67 -23.97 0.07 023
68X-1  30-35 476 —24.41 005 0.27
68X-2 1-6 6.57 -2448 006 0.32
68X-3 8-13 465 -2583 0.04 0.30
68X-4  11-13 641 —2573 0.1 0.38
69X-1  47-52 234 —2450 0.04 0.28
71X-1  43-48 447 -2379 0.05 0.19
71X-2  43-48 5.56 —24.46 0.04 0.41
71X-3  43-48 403 -23.50 0.04 0.31
71X-4  51-56 7.60 -25.17 0.09 0.30
71X-5  30-35 485 —2553 0.04 024
71X-6  11-16 488 —2481 006 0.29
72X-1  40-43 4.63 —23.65 0.04 0.28
72X-2  37-40 6.65 -26.18 0.07 0.20
73X-1  83-87 467 -2291 0.04 0.39
74X-1  44-45 7.64 —24.18 0.06 0.15
74X-2  20-24 509 —25.04 003 025
74X-4 0-1 482 -2467 004 0.26
75X-1  52-53 622 —24.06 0.05 0.21
75%-1  53-56 6.04 —2475 0.10 0.42
75X-2  21-22 533 -2442 008 0.24
75X-3 21-22 509 —2364 0.03 0.8
75X-4  66-70 48 -2393 004 0.33
76X-3 3-4 418 -2409 0.08 098
77X-4  68-73 7.28 -2375 0.11 0.19
78X-5  12-16 441 -24.14 004 033
79%-1 1418 497 -—2485 003 0.23
79X-2  19-25 755 -2394 007 0.5
647A-1R-1 58-64 6.66 —22.68 0.03 0.5
IR-2 63-69 7.83 -2391 0.02 0.5
1R-6 82-88 929 -2365 0.02 0.14
2R-1 7-12 8.69 —2601 0.04 0.08
4R-1 92-96 631 -2570 0.03 0.06
4R-2 69-74 573 -2483 0.02 0.23
4R-3 36-41 493 —2407 003 0.25
4R-4 43-48 851 -24.12 0.03 027
4R-5 86-91 575 —24.53 0.02 0.22
6R-1 43-48 6.57 —2523 0.09 0.7
6R-2 43-48 618 —23.89 0.02 0.20
6R-3 43-48 378 -2444 0.03 0.16
6R-4 43-48 832 —2494 0.02 0.2
6R-5 43-48 456 —24.39 002 0.19
6R-6 43-48 6.55 -2423 0.05 0.20
TR-1 3-8 497 -2440 003 0.25
7R-2 3-8 6.08 -2433 003 0.23
7R-3 3-8 5.1 -2428 0.03 0.20
TR-4 3-8 560 —25.63 001 0.8
7R-S 3-8 533 —2434 002 017
TR-6 3-8 5.02 -2578 0.02 0.5
8R-1 21-26 517 -2477 0.02 0.16
8R-2 21-26 450 -25.61 0.02 0.40
8R-3 21-26 930 -24.08 0.02 0.21
9R-1 15-20 373  -2406 0.03 0.26
9R-2 15-20 3.54 -2572 0.03 0.07
9R-3 15-20 747 -25.58 0.06 022
10R-1 9-14 477 -25.00 0.03 0.16
10R-2 9-14 463 -2670 0.04 0.28
10R-3 9-14 248 -2454 003 0.12
10R-4 9-14 488 —2451 003 0.5
1IR-1  29-34 550 -2473 0.07 0.30
1IR-2  29-34 574 -2476 0.04 0.31
1IR3 29-34 5.1 —25.00 0.05 0.33
11R-4  29-34 224 -2658 0.02 0.06
12R-1  33-38 6.22 -2407 0.03 0.24
12R-2  33-38 545 -2449 0.07 0.63
12R-3  33-38 408 —2475 0.05 0.46
12R4  28-33 3.94 -2398 0.1 0.54

229
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Appendix (continued). Appendix (continued).
Sample Sample
Core and interval N % Core and interval N [ &

section (cm) 5N ¢ (M) (%) section (cm) 55N s'3c (%) ()
647A-13R-1 16-21 503 -2462 003 0.07 647B-2H-5 120-125 805 -2390 005 033
13R-2 16-21 448 -26.09 0.02 0.10 2H-5 140-145 530 -2535 0.02 0.04
13R-3 16-21 509 -2403 001 0.09 2H-6 20-25 9.55 -2498 0.02 0.12
13R-4 16-21 7.27 —-24.82 002 0.10 2H-6 40-45 5.71 —24.31 0.02 045
13R-5 16-21 448 -2537 0.02 0.3 2H-6 60-65 7.95 -25.23 0.02 0.05
14R-1 26-32 6.61 -27.16 0.02 0.09 2H-6 B80-85 527 -2361 0.02 0.17
14R-2 28-33 3.81 -24.62 0.02 0.12 2H-6 100-105 8.57 -24.04 0.05 0.36
14R-3 26-31 487 -26.27 0.02 0.15 2H-6 120-125 8.78 -24.07 0.04 031
15R-1 20-26 3.59 -25.72 0.03 0.27 2H-6 140-145 9.56 -24.17 0.02 0.17
15R-2 19-25 7.53 -2496 0.06 0.46 2H-7 20-25 7.30 -22.27 0.04 0.18
15R-3 18-24 4,10 -2533 006 043 2H-7 40-45 3.93 -2440 0.01 0.16
16R-1 34-40 3.78 -2497 0.05 027 2H-7 60-65 872 -2451 002 038
16R-2 32-38 383 -26.66 0.04 033 2H-7 BO-85 697 -2424 0.02 0.15
18R-1 15-20 4.56 -2477 0.02 0.21 3H-1 80-85 528 -2436 0.02 0.16
18R-2 15-20 722 -26.03 0.03 0.07 3H-1 100-105 9.04 -2545 006 0.19
647B-1H-1 20-26 6.63 —-2419 002 0.19 3H-1 120-125 9.16 -25.23 0.02 0.11
1H-1 40-46 6.30 -23.19 0.02 0.21 3H-1 140-145 3.80 -2424 0.01 033
1H-1 60-66 6.21 -23.84 0.02 0.19 3H-2 20-25 277 -2445 0.04 0.17
1H-1 80-86 544 -26.15 0.02 0.11 3H-2 40-45 7.97 -25.26 0.08 0.09
1H-1 100-106 940 -2494 0.04 0.12 3H-2 60-65 847 -23.09 0.02 0.09
1H-1 120-126 633 -2333 002 0.18 3H-2 80-85 740 -2593 0.03 0.05
1H-1 140-146 6.02 -23.78 004 031 3H-2 100-105 11.51 -26.74 0.02 0.20
1H-2 20-26 6.76 —19.83 0.03 0.21 3H-2 120-125 11,72 -24.86 0.04 0.25
1H-2 40-46 7.29 -2361 0.08 027 3H-2 140-145 479 -2631 001 029
1H-2 60-66 6.12 -2456 002 0.17 3H-3 20-25 9.55 —-25.18 0.08 0.34
1H-2 80-86 7.30 -23.55 0.05 027 3H-3 40-45 6.48 -—-2432 009 0.52
1H-2 100-106 633 -2460 002 021 3H-3 60-65 511 =25.06 002 032
1H-2 120-126 7.18 -23.92 003 0.29 3H-3 80-85 6.31 -25.09 0.02 0.19
1H-2 140-146 538 -24.01 003 0.19 3H-3 100-105 2,15 -2398 003 0.19
1H-3 20-26 566 ~—25.24 002 020 3H-3 120-125 5.87 -2427 0.02 020
1H-3 40-46 7.74 -24.13 0.05 0.18 3H-3 140-145 5,60 -26.72 0.01 0.01
1H-3 60-66 4.51 -23.98 002 0.14 3H-4 20-25 736 -23.61 0.02 035
1H-3 80-86 6.01 —-23.60 0.02 0.15 3H-4 40-45 6.11 -26.72 0.02 0.53
1H-3 100-106 822 -2493 003 024 3H-4 60-65 7.56 -22.09 0.02 0.03
1H-3 120-126 458 -2731 0.02 0.2 JH-4 BO-85 7.54 -23.00 0.05 0.48
1H-3 140-146 9.18 -24.56 0.05 0.20 3H-4 100-105 697 -—2522 0.04 034
1H-4 20-26 559 -22.19 0.02 0.26 3H-4 120-125 556 -24.11 002 0.27
1H-4 40-46 993 -25.06 0.02 0.16 JH-4 140-145 432 -23.8 0.03 0.8
1H-4 60-66 9.29 -2449 0.03 0.17 3H-5 20-25 450 -2348 0.02 0.30
1H-4 80-86 7.18 -26.24 0.07 0.14 3H-5 40-45 6.30 -2471 005 044
1H-4 100-106 6.58 —24.50 005 0.14 3H-5 60-65 943 -26.13 004 039
1H-4 120-126 7.13 -2490 003 0.16 3H-5 83-88 6.47 -2449 003 020
1H-4 140-146 7.66 -23.75 0.02 0.31 3H-5 100-105 7.25 -25.34 0.02 046
1H-5 40-46 746 —2538 002 0.29 3H-5 120-125 471 -24.14 0.02 1.01
1H-5 60-66 566 —2422 004 022 3H-5 140-145 3.08 -29.74 0.06 0.14
2H-1 20-26 9.52 -25.07 0.06 0.21 3H-6 20-25 7.02 -25.63 0.02 047
2H-1 40-46 8.08 -25.56 0.04 022 3H-6 40-45 7.28 -25.34 0.01 037
2H-1 60-66 7.25 -25.81 0.02 0.9 3H-6 60-65 773 -2415 002 0.19
2H-1 80-86 9.56 —23.90 004 042 3H-6 80-85 589 -23.70 0.02 0.34
2H-1 100-106 849 -27.62 0.02 0.11 3H-6 100-105 8.16 -25.16 0.02 027
2H-1 119-125 692 -2395 0.02 0.20 3H-6 120-125 509 -2392 0.02 026
2H-1 140-146 623 -24.08 0.03 0.26 3H-6 140-145 6.51 -—24.65 0.02 0.30
2H-2 20-26 7.20 —-24.21 0.08 0.24 3H-7 20-25 8.95 -24.22 003 023
2H-2 40-46 731 -2442 010 0.39 3H-7 40-45 9.01 -25.11 0.04 0.18
2H-2 60-66 3.26 -2449 0.03 039 4H-1 20-25 696 —25.08 0.02 0.33
2H-2 80-86 8.24 -2498 0.05 0.19 4H-1 40-45 589 -2491 0.06 0.32
2H-2 100-106 8.10 -2452 0.06 0.11 4H-1 60-65 366 -—24.52 002 0.22
2H-2 120-126 6.97 -—-24.14 0.09 049 4H-1 B0-85 566 —25.01 0.04 0.54
2H-2 140-146 6.61 -2438 0.12 048 4H-1 100-105 6.14 -2437 0.03 0.29
2H-3 19-25 552 -22.87 0.01 0.30 4H-1 120-125 3.44 -2451 004 032
2H-3 40-46 468 -24.13 0.02 023 4H-1 140-145 8.00 -2441 003 0.20
2H-3 60-66 8.23 -23.89 003 020 4H-2 20-25 733 -2395 0.02 0.13
2H-3 80-86 8.08 -23.20 0.05 0.15 4H-2 40-45 221 -2451 009 0.18
2H-3 100-106 8.88 -2423 0.02 038 4H-2 60-65 562 -25.02 0.04 021
2H-3 120-126 7.58 -2544 002 0.10 4H-2 80-85 8.12 -24.52 0.02 0.06
2H-3 138-144 9.95 —-24.37 0.07 0.3 4H-2 100-105 9.60 -24.41 0.04 0.18
2H-4 20-25 8.66 —2531 0.05 0.24 4H-2 120-125 10.59 -26.40 0.11 0.36
2H-4 40-45 10.19 -2497 0.05 044 4H-2 140-145 8.68 —25.53 0.06 041
2H-4 60-65 696 —2524 002 0.13 4H-3 20-25 8.86 -23.63 0.02 0.21
2H-4 80-85 666 —2598 0.02 0.11 4H-3 40-45 361 -2543 0.03 031
2H-4 100-105 6.19 -—-2345 002 0.35 4H-3 60-65 590 -2543 0.03 075
2H-4 120-125 6.15 -2434 002 0.13 4H-3 80-85 692 -—-2486 004 0.22
2H-4 140-145 975 =2543 0.06 0.27 4H-3 100-105 494 -2528 0.03 0.20
2H-5 20-25 5.28 -2329 0.04 0.50 4H-3 120-125 3.89 -23.56 0.04 0.15
2H-5 40-45 9.60 —-2587 002 0.03 4H-3 140-145 .77 -23.96 0.04 023
2H-5 60-65 10,05 -2473 0.09 041 4H-4 20-25 492 -2570 0.03 047
2H-5 BO-8 8.62 —23.10 0.05 0.24 4H-4 40-45 5.18 —-2392 0.04 027
2H-5 100-105 6.07 -24.22 0.02 047 4H-4 60-65 7.65 -26.12 0.05 0.66
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Appendix (continued). Appendix (continued).
Sample Sample

Core and interval N C Core and interval N C
section em) N ¢ (m) () section em) N ¢ W) ()
647B-4H-4 B0-85 533 -2472 0.04 0.8 5H-5 140-145 8.04 -2455 005 0.19
4H-4 100-105 7.88 -24.26 0.04 0.24 5H-6 20-25 10.73 -26.07 0.05 0.40
4H-4 120-125 7.60 -24.02 0.04 0.20 5H-6 40-45 10.59 -—-25.18 0.05 0.39
4H-4 140-145 7.91 -23.81 0.04 0.18 5H-6 60-65 7.48 —2437 0.02 021
4H-5 20-25 7.96 -—25.58 0.02 0.12 5H-6 80-85 695 —2428 0.05 0.25
4H-5 40-45 855 -2511 0.03 0.15 5H-6 100-105 6.22 -23.71 0.08 049
4H-5 60-65 8.38 -—-2490 0.02 0.15 5H-7 25-30 494 -2379 0.06 021
4H-5 80-85 5.58 —-25.20 0.06 0.63 6H-1 100-105 949 -2474 0.06 0.26
4H-5 100-105 8.62 -24.02 0.03 0.09 6H-1 120-125 9.12 -2475 0.05 0.30
4H-5 120-125 484 -24.12 0.05 0.23 6H-1 140-145 997 -25.10 0.08 047
4H-5 140-145 7.62 -2493 0.07 027 6H-2 20-25 11.65 -25.35 0.05 035
4H-6 20-25 7.61 —-2591 0.03 0.17 6H-2 40-45 11.01 -25.51 0.07 0.31
4H-6 40-45 500 -23.59 0.03 0.13 6H-2 60-65 532 -2631 0.03 044
4H-6 60-65 7.37 -—-2488 0.03 0.09 6H-2 B0-85 985 -26.80 0.07 047
4H-6 80-85 7.71 -25.11 0.02 0.10 6H-2 100-105 1049 -26.14 0.04 0.32
4H-6 100-120 10.52 -2549 0.03 0.1 6H-2 120-125 12.74 -27.51 0.08 0.39
4H-6 120-125 4.28 -26.04 0.02 0.10 6H-2 140-145 9.78 —25.67 0.02 0.23
4H-6 140-145 1039 -24.68 0.03 1.05 6H-3 20-25 11.05 -2462 0.06 049
4H-7 20-25 11.97 -27.29 0.04 049 6H-3 40-45 934 -23.99 0.04 030
4H-7 40-45 466 -2642 003 0.28 6H-3 60-65 11.46 —26.58 0.06 0.06
5H-2 20-25 532 -2426 0.04 0.40 6H-3 100-105 7.2 -2454 0.06 0.16
5H-2 40-45 5.98 —-25.03 0.13 046 6H-3 120-125 5.84 —24.81 0.07 0.36
5H-2 60-65 6.24 -2565 0.04 0.25 6H-3 140-145 7.74 —-2487 0.08 0.34
5H-2 B0-85 6.83 -24.39 0.04 0.16 6H-4 20-25 8.97 -—23.89 0.06 0.63
5H-2 100-105 9.11 -27.66 0.04 020 6H-4 40-45 6.33 -25.56 0.04 0.23
5H-2 120-125 5.57 -22.80 0.10 0.25 6H-4 60-65 6.23 -2454 0.06 0.21
5H-2 140-145 4.71 -2469 0.06 0.31 6H-4 BO-85 6.21 -25.03 0.4 024
5H-3 20-25 7.3  -27.20 003 0.16 6H-4 100-105 6.28 -—24.11 0.06 0.26
5H-3 40-45 8.73 -2559 006 024 6H-4 120-125 792 -2498 005 024
5H-3 60-65 855 -2650 0.05 020 6H-4 140-145 244 -2507 0.16 0.32
5H-3 80-85 6.75 -2440 0.03 0.20 6H-5 20-25 437 -2542 0.06 025
5H-3 100-105 7.29 -24.59 0.02 022 647B-6H-5 40-45 7.07 -24.16 0.07 034
5H-3 120-125 7.69 -24.50 0.03 046 6H-5 60-65 7.75 -23.95 0.06 0.19
5H-3 140-145 547 -25.15 005 0.14 6H-5 BO-85 6.11 -24.78 0.08 0.42
5H-4 20-25 8.65 -—25.04 0.05 0.16 6H-5 100-105 6.50 -—2543 0.11 0.66
5H-4 40-45 8.81 -25.58 0.04 033 6H-5 120-125 8.08 -23.66 0.07 0.26
5H-4 60-65 2,18 -25.89 0.02 0.19 6H-5 140-145 6.61 —-24.60 0.02 0.25
5H-4 80-85 10.73 -24.53 0.05 0.32 6H-6 20-25 7.60 -23.68 0.05 027
5H-4 100-105 932 -2469 0.04 0.10 6H-6 40-45 9.89 -24.83 006 0.20
5H-4 120-125 6.07 -23.64 0.05 045 6H-6 60-65 633 -2393 0.04 0.18
5H-4 140-145 560 -25.50 0.05 032 6H-6 B0-85 7.52 -2450 0.04 034
5H-5 20-25 6.31 -2542 0.06 0.20 6H-6 100-105 7.43 -2526 0.06 040
5H-5 40-45 576 -—-2464 0.07 023 6H-6 120-125 829 -25.55 0.08 0.16
5H-5 60-65 7.00 -24.39 0.04 0.15 6H-6 140-145 9.19 -2446 0.03 0.14
5H-5 BO0-85 5.7 -26.29 0.10 0.68 6H-7 20-25 7.28 -25.04 0.06 0.28
5H-5 100-105 8.10 -2478 0.08 0.37 6H-7 40-45 838 -2457 0.02 035

5H-5 120-125 491 -24.69 0.06 034
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