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ABSTRACT

A detailed oxygen and carbon isotope study of the upper Maestrichtian-lower Paleocene section of Hole 516F from
the Rio Grande Rise reveals that large isotopic anomalies are clearly associated with the Cretaceous/Tertiary boundary.
Across the Cretaceous/Tertiary boundary, the total carbonate content reaches a maximum exceeding 80% before
rapidly decreasing in covariance with the carbon isotope record. This strong covariance between $'*C and percent
CaCO, suggests either a significant reduction in primary productivity or a rapid shoaling of the calcium carbonate com-
pensation depth. Importantly, the 8'*C record 2 Ma after the Cretaceous/Tertiary boundary remained depleted in '*C

by at least 0.5%, compared to the late Maestrichtian.

INTRODUCTION

One of the major objectives of the Leg 72 drilling ef-
fort was the recovery of older sedimentary sections with
which to reconstruct the paleoenvironmental history of
the southwestern Atlantic. Initial shipboard analysis,
later confirmed by shore-based biostratigraphic surveys
(Pujol, this volume; site chapter, Site 516, this volume),
indicated that a continuous depositional record had been
recovered across the Cretaceous/Tertiary boundary with-
in Core 516F-89. The boundary interval contains the Mi-
cula mura (upper Maestrichtian) and Markalius inversus
(NP1) calcareous nannofossil zones and the lowermost
Danian Globigerina eugubina and uppermost Maestrich-
tian Globotruncana contusa planktonic foraminiferal
zones. Placement of the exact boundary in Section 516F-
89-5 using the two microfossil groups agrees within 5-6
cm (516F-89-5, 33.5 cm based on the nannofossils; 516F-
89-5, 26-28 cm based on the planktonic foraminifers).
Preliminary biostratigraphic survey of the immediate
boundary interval indicates moderate to severe dissolu-
tion of the foraminifers. We therefore undertook an ini-
tial stable isotope (oxygen and carbon) study of the bulk
carbonate fraction of Cores 88, 89, and 90 of Hole 516F
before the analyses of individual foraminiferal species
from the upper Maestrichtian and lower Paleocene sec-
tions.

Site 516 is located in 1313 m of water on the north-
eastern flank of the Rio Grande Rise (Fig. 1). Hole 516F
was washed to a sub-bottom depth of 169 m and then
rotary-cored continuously to a depth of 1270.6 m. All
core numbers in this paper refer to cores from Hole
516F. Core 89, which contains the Cretaceous/Tertiary
boundary, was cored at a sub-bottom depth of 959 m.

! Barker, P. F., Carlson, R. L., Johnson, D, A., etal., Init. Repts. DSDP, 72: Washing-
ton (U.S. Govt. Printing Office).
2 Present address; Department of Geology, Rice University, Houston, Texas 77001.

According to X-ray diffraction of the bulk sample pow-
ders, the carbonate mineralogy is almost entirely low-
magnesium calcite in Cores 88 to 90.

MATERIALS AND METHODS

Cores (88, 89, 90) containing lower Paleocene and upper Maes-
trichtian sediments were sampled at roughly 20-cm intervals. Before
samples were processed for micropaleontologic studies, approximate-
ly 0.5 g of unprocessed sediment was removed from each 5-cm® sam-
ple for stable isotopic and total calcium carbonate determinations.
The sediment was dried and ground to a powder. Aliquots of the pow-
der were precisely weighed and analyzed for total calcium carbonate
content by a modified Hulseman technique. Duplicate analyses yield-
ed a precision of better than +2% (Table 1).

Stable oxygen and carbon isotopic analyses were performied on ad-
ditional aliquots (0.5-1.0 mg) of the same powders (Williams et al.,
1977). Briefly, the powder is roasted at 380°C in vacuo for 1 hour be-
fore acidification in purified phosphoric acid held at a constant 50°C
in vacuo. The isotopic composition of the evolved CO, gas is com-
pared with a reference CO, whose composition is known relative to
the CO, gas from the PDB standard (Epstein et al., 1953). The data
(Table 1) are presented in the standarized delta (5) notation as per mil
(%) enrichments or depletions in '®0 or '3C respectively. Replicate
analyses of the powders yielded a precision (1 ¢ about the mean) of
better than +0.1 for both 6'80 and 6'3C values.

RESULTS

The 680, §!3C, and CaCO; records for Cores 88 to
90 are plotted relative to sub-bottom depth of Hole 516F
in Figure 2. The 6'80 values for the bulk CaCO; range
from — 1.5 to —3.2%, and exhibit several long-term and
numerous short-term changes. In the upper Maestrich-
tian from Section 516F-90-6 to the lower part of Section
516F-90-1, 880 values decrease steadily by approxi-
mately 1%,; at least five rapid 0.5%, decreases occur
along this trend. From Section 516F-90-1 to a level near
the Cretaceous/Tertiary boundary in Section 516F-89-5,
6180 values increase by ~ 1%, with four rapid 0.5%, in-
creases, In the lower Paleocene, represented by plank-
tonic foraminiferal Zone Pl, the long term §!80 trend is
again toward lighter values with five to six rapid fluctu-
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Figure 1. Reconstruction of the Atlantic Ocean at 65 Ma, showing the location of Site 516 and other
DSDP sites or land-based sections (Gubbio) for which stable isotope data are available across the Cre-
taceous/Tertiary boundary. Site 153, Anderson and Schneidermann, 1973; Site 390, Létolle et al.,
1978; Site 356, Thierstein and Berger, 1978; Site 398, Létolle, 1979, and Arthur and others, 1979; Site
524, Hsii et al., 1982; Gubbio section, Scholle and Arthur, 1980.

ations of magnitudes ranging from 0.5 to 1.5%, (Fig. 2).
In planktonic foraminiferal Zone P2 of Core 88, 530
values become steadily more positive again and exhibit
very little short-term change.

The character of the carbon isotope record is quite
different from the trends exhibited in the §'80 record
(Fig. 2). The total range in §!3C values (2.3%., from 0.5
to 2.8%o) is slightly greater than that of the §!80 record
(1.7%o), and the largest change is clearly associated with
the Cretaceous/Tertiary boundary. In the upper Maes-
trichtian section from Sections 516F-90-6 to 516F-89-5,
the 6!3C values are remarkably constant, varying less
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than 0.5%, about a mean value of 2.4%,. A dramatic
1.8%, depletion in !3C occurs across the Cretaceous/
Tertiary boundary from Section 516F-89-5 into 516F-
89-4, The §'3C values then increase steadily in the upper
Paleocene, but the values in foraminiferal Zone P2 of
Core 88 remain depleted in 13C by at least 0.5%, rela-
tive to the mean 6!3C value for the upper Maestrichtian
(Fig. 2).

The character of the total calcium carbonate record is
distinctly different from that of the two isotope records
(Fig. 2). During the late Maestrichtian, the sediment of
Hole 516F had a mean total CaCOj; content of 70% and



Table 1. Oxygen and carbon isotopic results and percent calcium car-
bonte of bulk carbonate from Hole 516F.

Core-section CaCO3y
(interval in cm) 5180 sl3c (%)
88-1, 10-11 =211 £ 021(2) 1.77 £0.03(2) 74.6
29-31 -2.25 1.87 85.22
49-51 —-2.08 1.78 80.7
69-70 —-2.22 £ 0,04 (2) 1.83 + 0.01(2) 87.1
89-91 -2.19 1.34 B1.5
110-112 -2.14 1.90 79.5
130-132 -2.13 1.84 79.9
148-150  -2.29 1.89 81.6
88-2, 18-20 -2.33 1.80 81.7
38-40 -2.23 £ 0.17(2) 185 +000(2) 79.6
59-61 -2.33 1.78 84.5
78-79 -2.32 1.80 81.2
97-99 -2.45 1.69 87.6
120-122 -2.52 1.74 80.4
140-142 —-2.47 + 0.14(2) 1.80 + 0.04(2) 794
88-3, 10-12 -2.45 1.54 59.6
28-30 -2.56 1.87 70.0
51-53 -2.48 1.76 712
89-1, 19-21 -2.82 1.30 52.8
39-41 -2.80 1.35 49.4
59-60 -3.06 1.41 67.8
79-81 -294 + 0.06 (2) 1.43 = 0.01(2) 76.0
100-101 -2.92 1.43 76.1
119-121 —-3.25 £ 0.01(3) 1.46 + 0.01 (3) 60.5
140-141 -2.84 1.43 51.1
89-2, 10-12 -2.69 1.59 67.1
29-31 -2.77 1.62 65.8
49-50 -3.00 1.40 47.6
69-71 —-3.22 + 005(2) 143 £ 0.01(2) 67.7
89-91 -3.18 1.40 55.0
110-112 -3.00 1.45 65.8
126-127 —-2.28 £ 0.38(2) 1.65 £ 0.05(2) 77.5
147-149 -2.84 + 0.01 (3) 1.49 + 0.04(3) 85.2
89-3, 21-23 -2.27 £ 0.23(2) 1.59 £ 0.01 (2) B86.4
40-43 -2.92 1.39 67.1
58-60 -2.49 =+ 0.03(2) 1.24 + 0.00(2) 288
78-80 -2.83 £ 0,06 (3) 1.35 £0.03(3) 514
99-100 —2.44 = 033(3) 1.27 + 0.08 (3) 35.7
118-122 -191 + 0.04(2) 097 = 0.14(2) 238
141-143 -3.02 0.99 317 £ 1.3(2)
89-4, 9-11 -2.95 1.04 38.5
30-32 -3.15 1.21 75.9
50-52 ~2.66 0.91 40.7
67-69 -2.64 0.98 31.2
90-92 -1.92 £ 0.16(2) 0.73 + 0.16(2) 119
110-112  -2.11 + 0.00(2) 1.26 + 0.04 (2) 29.1
130-132 -3.00 1.57 85.2
149-150 -2.79 1.74 88.9
89-5, 18-19 —~2.55 1.76 83.2
44-46 =218 £ 0.07(2) 2.44 +£ 0.04(2) 745 + 8.2(2)
63-64 —1.89 + 0.23(3) 2.30 £ 0.07(3) 74.5
82-84 -1.98 2.34 60.5
100-103 —-1.98 2.34 64.8
122-124 -235 £ 000(2) 2.26 £ 0.01(2) 63.4
140-143 -2.07 2.24 56.2
89-6, 8-10 -2.21 2.46 473
27-30 —-1.96 2.47 52.0 £ 3.6(2)
50-52 -2.31 2.31 70.8
69-70 -2.51 2.48 86.7
90-92 —-2.42 2.36 40.8
109-110 -2.31 2.28 78.4
130-132 -2.36 2.28 50.3
146-147 -2.54 2.39 71.3
90-1, 10-12 -2.80 2.11 77.1
30-32 -2.73 2.10 80.5
49-5] —2.44 2.09 54.3
70-72 -2.96 2.30 74.8
90-92 -2.96 +0.18 (2) 2.18 + 0.02(2) 744
109-111 -2.75 2.30 70.8
130-132 -2.95 2.23 75.0
90-2, 8-11 -2.37 2.30 51.4
30-32 -2.76 2.26 72.9
50-52 -2.50 2.28 56.7
70-73 —2.58 2.26 78.1

STABLE ISOTOPE AND CARBONATE RECORDS

Table 1. (Continued).

Core-section CaCO3
(interval in cm) 5!%0 s13c (%)
90-2, 90-92 —-2.49 2.39 75.7

110-112  —2.60 + 0.01 ) 2.37 £ 0.05(2) 73.5
130-133  -2.72 2.30 714
148-149 —2.44 2.41 73.1
90-3, 20-22 -2.16 2.52 775
37-39 -231 2.33 73.4
60-62 -2.51 2.56 76.2
82-84 —2.56 2.32 79.0
99-102  -0.238 2.74 66.6
120-122  -2.14 + 0.08(2) 2.43 +0.01(2) 774
139-141  -2.01 2.51 46.7
90-4, 9-11 -2.17 2.40 78.1
30-32 -2.06 2.41 64.2
50-52 ~2.15 £ 0.20(2) 2.43 + 0.08(2) 822+ 1.0(Q2)
70-72 -2.28 2.29 79.3
90-91 -253 + 001 (2) 223 +002(2) 682
110-112 326
130-132  —2.41 2.57 7.8
147-149  —2.24 2.34 82.8
90-5, 20-22 -1.74 2.39 67.6
38-40 ~2.08 2.29 83.6
60-62 —1.65 £ 0.15(3) 233 = 0.01 3) 562 + 3.0(2)
80-82 —2.04 £ 0.17(2) 2.34 = 0.08 (2) 26.5
100-102  —2.08 + 0.06(2) 2.31 + 0.08(2) 782
120-122  —1.55 2.40 71.0
141-143  —1.64 + 0.16(2) 2.39 + 0.01 (2) 55.4
90-6, 11-13 =176 2.12 84.5
30-32 ~1.69 2.27 762 + 3.2 (2)
50-52 —2.42 2.33 77.0
70-72 ~2.00 2.35 54.1

Note: Numbers in parentheses indicate number of determinations. Oxygen
and carbon isotope values in %, to the PDB standard. All §!13C values
are positive numbers.

4 Sample 516F-88-1, 24 cm.

underwent at least two rapid CaCO; decreases exceed-
ing 40% (indicated by two lower arrows). However, no
long-term trends are discernible. In Section 516F-89-6
across the Cretaceous/Tertiary boundary into the low-
est Paleocene of Section 516F-89-5, the total CaCO,
undergoes a steady increase to a maximum of 82%. At
this point, two prominent CaCO; minima occur, repre-
senting decreases of 80 and 70% respectively (two upper
arrows, Fig. 2). After recovering at the boundary of
Sections 2 and 3 of Core 89, the remainder of the lower
Paleocene record is characterized by 10~20% fluctua-
tions about mean CaCOj; contents of 70-80%.

A detailed plot of the three geochemical indexes
through the upper Maestrichtian and lower Paleocene
sections of Core 89 illustrates the relationships between
the records across the Cretaceous/Tertiary boundary
(Fig. 3).

First, however, a brief lithologic examination of Core
89 is warranted, because lithification, recrystallization,
drilling disturbance, and other sedimentologic proper-
ties may be important in the interpretation of the iso-
topic and carbonate records. As is shown in Figure 3,
Core 89 is primarily a calcareous nannofossil chalk with
only six marly intervals and minimal signs of bioturba-
tion. Biostratigraphic identification of the Cretaceous/
Tertiary boundary in the upper part of Section 516F-
89-5 is well below the first of three closely spaced marly
intervals in which CaCO, contents decrease to 10, 23,
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Figure 2. Oxygen isotope, carbon isotope, and total calcium carbonate records for the upper Maestrichtian-lower
Paleocene section of Hole 516F (Cores 89, 89, 90). All analyses are based on bulk sediment; 60 and §'*C values
in %o, to the PDB standard. The position of the Cretaceous/Tertiary boundary is placed at 516F-89-5, 30 cm, be-
tween the Cretaceous/Tertiary boundaries as defined by the calcareous nannofossils and planktonic foramini-

fers. Arrows indicate rapid CaCO, changes.

and 30%, respectively. The potential influence of dia-
genesis on the 6'®0 signal cannot be unequivocally ruled
out at this time, however.

A lead-lag relationship appears to exist among the
records (Fig. 3). Approximately 40 cm below the Creta-
ceous/Tertiary boundary, as determined from the cal-
careous nannofossils, the %0 record begins a promi-
nent decrease of > 1.2%, across the boundary. The start
of this 80 depletion precedes the beginning of the 1.8%,
13C depletion across the Cretaceous/Tertiary boundary
by 20 cm. Both of these isotopic depletions occur within
the broad CaCO; maximum (> 70%) spanning the Creta-
ceous/Tertiary boundary and precede the major CaCO,
drop of 80% in the lower Paleocene by a significant in-
terval of 60-80 cm (Fig. 3). The carbonate minimum of
10% in Section 516F-89-4 coincides precisely with the
most depleted §!3C value, and both these minima occur
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at a time when the 880 values have become 1%, more
positive. Although the CaCO; record shows little corre-
lation with the carbon isotope record below the Creta-
ceous/Tertiary boundary, they exhibit a high degree
of covariance (low CaCO;, less positive $13C values)
throughout the Paleocene section of Core 89. Intervals
where the correspondence is particularly strong can be
seen in Figure 3. The significance of this relationship is
illustrated by a CaCO;/8'3C plot for Core 89 (Fig. 4),
which clearly shows that below the Cretaceous/Tertiary
boundary, 8!3C values are systematically positive regard-
less of carbonate content and that, above the boundary,
a strong linear correlation (r = 0.84; r2 = 0.71) exists
between low CaCO; and less positive §'3C values. A
CaC0,/8'%0 plot for Core 89 (Fig. 5) shows that no
such relationship exists between the §'%0 and CaCO,
values with regard to stratigraphic position above and be-
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Figure 3. Detailed 6'%0, §'*C, and CaCO, plots for Core 516F-89, across the Cretaceous/Tertiary boundary showing both the graphic lithology and
the placement of this boundary according to the calcareous nannofossils (dotted line) and planktonic foraminifers (dashed line). Oxygen and car-
bon isotope values in %, to the PDB standard. Key for graphic lithology given in Explanatory Notes chapter (Coulbourn, this volume).

low the Cretaceous/Tertiary boundary. More important-
ly, perhaps, more negative §'80 values above the Creta-
ceous/Tertiary boundary are associated with high car-
bonate values and not vice versa (except in the case of a
few samples, which are identified by asterisks in Fig. 5).
Early or late cementation of the chalk, however, may
still have had an effect on the §'80 values during the
high carbonate intervals (Arthur, pers. comm., 1982).

Figure 3, shows that, above a 60-cm interval across
the Cretaceous/Tertiary boundary in Sections 516F-89-5
and 516F-89-4 where the 6!%0 and 6!3C records are both
becoming negative, the 680 record undergoes a signifi-
cant 1%, 80 enrichment as the 3'*C record continues
to decrease. The 6'%0 record continues to exhibit rapid
0.5-1.3%, positive and negative events, whereas the §13C
record begins a gradual increase but does not achieve
values as positive as those characteristic of preboundary
samples (Fig. 3). Additionally, little direct correlation is
evident between individual fluctuations in the §'%0 and
CaCOs; records, although somewhat of a general trend
exists toward more negative §!80 and higher CaCO, val-
ues in Sections 1 to 3 of Core 89.

DISCUSSION: IMPLICATIONS OF THE DATA

The stable isotope and carbonate records from the
late Maestrichtian-early Paleocene section of Hole 516F
clearly imply that significant changes in productivity oc-
curred'in the South Atlantic during this critical time in
earth history. An age model was constructed using the
known ages of the biostratigraphic boundaries to ap-

proximate rates and duration of these changes (Fig. 6).
Sedimentation rates for the early Paleocene section were
estimated using principally the planktonic foraminiferal
zonations from the shipboard analysis of Pujol (this vol-
ume; see also site chapter, Site 516, this volume). Abso-
lute ages for the top of Zones P3, P2, and P1 were taken
from Hardenbol and Berggren (1978) as 58, 60, and 62
Ma, respectively. The Cretaceous/Tertiary boundary was
assumed to be at 65 Ma and located at 516F-89-5, 30 cm,
midway between the planktonic foraminiferal and cal-
cerous nannofossil datum levels. In the Late Cretaceous
section of Hole 516F, the late Maestrichtian/early Maes-
trichtian boundary between Cores 92 and 93 was assumed
to be 67.5 Ma, as used by other authors (Arthur et al.,
1979). This age model is preliminary and subject to revi-
sion as detailed biostratigraphic and paleomagnetic data
become available and accumulation rate estimates can
be made using the bulk density determinations.
According to our age model, the upper 900,000 yr. of
the late Maestrichtian is represented by our data, with
a sample spacing of approximately 20,000 yr. (Fig. 6).
Only the 6!'%0 record showed any trends through this in-
terval with an apparent warming (depleted values) near
65.3 Ma and two relative cold periods at 65.8 Ma and
just before the Cretaceous/Tertiary boundary. The §!80
and 63C changes that are associated with the Cretaceous/
Tertiary boundary actually preceded the boundary by
~ 60,000 and ~ 20,000 yr. respectively. The shift toward
lighter 813C values continued for more than 100,000 yr.
after the Cretaceous/Tertiary boundary, and then the
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Figure 4. §'*C/CaCO, plots for Core 516F-89, showing the strong positive covariance between less positive
8'3C values and low CaCO, values in the earliest Paleocene (r* = 0.71). No relationship exists for samples
below the Cretaceous/Tertiary boundary (circled data points). Diagonal line represents the linear regres-
sion analysis; 8'3C values in %, to the PDB standard.

813C values began a slow, steady recovery toward pre-
boundary values over the next 800,000 yr. (Fig. 6). The
830 record, on the other hand, underwent numerous
increases and decreases every 100,000-200,000 yr. Total
carbonate values steadily increased for a 175,000-yr. per-
iod across the Cretaceous/Tertiary boundary, reaching
a CaCO; maximum 50,000-75,000 yr. after the Creta-
ceous/Tertiary boundary. The major CaCO; minimum
did not occur until at least 100,000 yr. after the Creta-
ceous/Tertiary boundary (Fig. 6). Over the next 700,000-
yr. period, percent CaCOj; approached preboundary
CaCQO, values several times, at intervals of 100,000 and
200,000 yr., and attained another broad CaCO; maxi-
mum lasting 50,000-75,000 yr. at approximately 64.55
Ma (Fig. 6). A lack of core recovery in Core 88 pro-
duced an apparent break in the records from 64.1 to
63.2 Ma. During the interval from 63.2 to 62.7 Ma, all
of these records showed very little change. Two million
years after the Cretaceous/Tertiary boundary, however,
the 613C record remained depleted by at least 0.5%, com-
pared to the preboundary section (Fig. 6).

Numerous researchers have used the isotopic records
from either DSDP or land-based sections to postulate
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the cause(s) of the major biotic changes heralding the
transition from the Mesozoic to the Cenozoic (e.g.,
Douglas and Savin, 1971; Anderson and Schneider-
mann, 1973; Coplen and Schlanger, 1973; Douglas and
Savin, 1973; Létolle et al., 1978; Thierstein and Berger,
1978; Arthur et al., 1979; Létolle, 1979; Scholle and Ar-
thur, 1980; Hsii et al., 1982). Based on anomalously
high amounts of iridium in these and other sedimentary
sections containing the Cretaceous/Tertiary boundary,
some type of extraterrestrial event, involving an asteroid
or cometary impact, has gained widespread favor as the
cause of the terminal Cretaceous extinctions (Alvarez et
al., 1980; Ganapathy, 1980; Smit and Hertogen, 1980;
Emiliani, 1980; Hsii, 1980, 1981; Hsii et al., 1982). A
prominent iridium anomaly of 0.95 + 0.18 ppb is as-
sociated with the Cretaceous/Tertiary boundary at Site
516 (Michel et al., this volume). Our interpretation is
restricted, however, to what the isotope and CaCO, rec-
ords of Site 516 suggest about the response of the South
Atlantic to the events at the end of the Cretaceous.

For at least 800,000 yr. before the Cretaceous/Ter-
tiary boundary, the South Atlantic was characterized by
a relatively deep, stable calcium carbonate compensa-
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Figure 5. §'%0/CaCOj, plot for Core 516F-89, showing the lack of correlation between these
variables across the Cretaceous/Tertiary boundary. Asterisks denote the few samples that
had more positive §'80 values and high CaCO, values above the Cretaceous/Tertiary
boundary. Circled data points represent samples below the Cretaceous/Tertiary boundary;

5'30 values in %o, to the PDB standard.

tion depth (CCD) and a diverse calcareous nannoplank-
ton flora; 6!3C values were typical of marine biogenic
carbonate (Fig. 6). Preservation of the nannofossil as-
semblages is good, but preservation of the planktonic
foraminifers is only moderately good (Pujol, this vol-
ume; site chapter, Site 516, this volume). A strict inter-
pretation of the late Maestrichtian §!80 data in terms of
isotopic paleotemperatures (Epstein et al., 1953) sug-
gests that the South Atlantic was warm with extremes
ranging between 25 to 18°C (assuming the diagenetic ef-
fects were minimal and the isotopic composition of the
South Atlantic, éw, was —1.0%.).

The cooling just prior to the Cretaceous/Tertiary
boundary and the subsequent temperature increase
across the boundary amounted to a rapid 5-6°C in-
crease (~ — 1.2%,) lasting slightly more than 100,000 yr.
(Fig. 6). Such large paleotemperature estimates, how-
ever, may be the result of the influence of cementation
of the chalk. Although the total CaCOj; content through
this interval remains high, few foraminifers are present
in the greater-than-150 micron fraction. Beginning with
the iridium anomaly at the end of the Cretaceous and

continuing for a little more than 100,000 yr., the sharp
813C decrease, the covariance between the 6'*C and
CaCO; record after the Cretaceous/Tertiary boundary,
and the elimination of the Maestrichtian nannofossil
population suggest a near total collapse in the primary
productivity of the South Atlantic in agreement with
carbon isotope records from other South Atlantic sites,
356 and 524 (Thierstein and Berger, 1978; Hsii et al.,
1982). At the time of lightest §!3C values in the entire
Hole 516F record (about 64.9 Ma), either a rapid shoal-
ing of the CCD or greatly decreased productivity re-
duced the CaCO, content from a maximum of nearly
90% to a minimum of less than 12%. The positive co-
variance between low CaCO; and negative §'3C values
throughout the lower Paleocene (Fig. 4) illustrates how
the two parameters are closely related. The 6!80 record
indicates that a brief cooling was coincident with the
early Paleocene §!3C and CaCO; minima (Fig. 6). As the
Paleocene calcareous nannoplankton flora became es-
tablished, the §!3C values and CaCQj; contents increased
and the South Atlantic remained warm (21-28°C). By
63 Ma, the isotope and CaCO; records had stabilized at
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Figure 6. The age model for the stable isotope and carbonate records from the late Maestrichtian-
early Paleocene section of Hole 516F. Sedimentation rates were estimated using the preliminary
planktonic foraminiferal biostratigraphy (Pujol, this volume). Oxygen and carbon isotope values

in %, to the PDB standard.

levels similar to those before the Cretaceous/Tertiary
boundary. The events contained in the isotope and
CaCOj records of Hole 516F are consistent with those
from other South Atlantic DSDP sites, but a direct com-
parison with Site 524 is not possible because of the low
CaCO, contents (< 20%) across the Cretaceous/Tertiary
boundary and the presence of numerous turbidite events
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between the pelagic intervals of that site (Hsi et al.,
1982).

SUMMARY

We believe that the stable isotope and calcium car-
bonate records across the Cretaceous/Tertiary bound-
ary at Site 516 portray in detail the events that affected



the South Atlantic during the transition from the Meso-
zoic to Cenozoic. The sedimentary record of Site 516 ap-
pears to be near-continuous and undisturbed from the
Maestrichtian into the Danian interval of the Paleocene.
Thus, we believe that the short-term events in the iso-
tope and CaCO, records reveal the rate and duration of
changes occurring in the South Atlantic. As further pa-
leomagnetic, geochemical, and paleontologic data be-
come available for Site 516, the age model presented
here can be refined, and the response of the South At-
lantic can be more accurately compared to the changes
occurring in the North Atlantic, Pacific, and Tethyan
regions.

ACKNOWLEDGMENTS

The authors gratefully acknowledge David Johnson for obtaining
the Leg 72 samples, Michael Arthur and Thomas Anderson for re-
viewing the manuscript, Susan Chapnick for drafting and analytical
assistance, Donna Black for typing the manuscript, and the National
Science Foundation for the financial assistance to conduct the re-
search at the University of South Carolina.

REFERENCES

Alvarez, L. W., Alvarez, W., Asaro, F., and Michel, H. V., 1980.
Extraterrestrial cause for the Cretaceous-Tertiary extinction. Sci-
ence, 208:1095-1098.

Anderson, T. F., and Schneidermann, N., 1973, Stable isotope rela-
tionships in pelagic limestones from the central Caribbean: Leg 15,
Deep Sea Drilling Project. Jn Edgar, N. T., Saunders, J. B., et al.,
Init. Repts. DSDP, 15: Washington (U.S. Govt. Printing Office),
795-803.

Arthur, M. A., Scholle, P. A., and Hasson, P., 1979, Stable isotopes
of oxygen and carbon in carbonates from Sites 398 and 116 of the
Deep Sea Drilling Project. In Sibuet, J.-C., Ryan, W. B. F., etal.,
Init. Repts. DSDP, 47, Pt. 2: Washington (U.S. Govt. Printing Of-
fice), 477-491,

Coplen, T. B., and Schlanger, S. O., 1973. Oxygen and carbon iso-
tope studies of carbonate sediments from Site 167, Magellan Rise,
Leg 17. In Winterer, E. L., Ewing, J. 1., et al., Init. Repts. DSDP,
17: Washington (U.S. Govt. Printing Office), 505-509.

Douglas, R. G., and Savin, S. M., 1971. Isotopic analyses of plank-
tonic foraminifera from the Cenozoic of the northwest Pacific,
Leg 6. In Fischer, A. G., Heezen, B. C., et al., Init, Repts. DSDP,
6: Washington (U.S. Govt. Printing Office), 1123-1127.

STABLE ISOTOPE AND CARBONATE RECORDS

__,1973. Oxygen and carbon isotope analysis of Cretaceous
and Tertiary foraminifera from the central North Pacific. Jn Win-
terer, E. L., Ewing, J. L., et al., Init. Repts. DSDP, 17: Washing-
ton (U.S. Govt. Printing Office), 591-605.

Emiliani, C., 1980. Death and renovation at the end of the Mesozoic.
EOS, EPSL paper, 61:505-506.

Epstein, S., Buchsbaum, R., Lowenstam, H., and Urey, H. C., 1953.
Revised carbonate-water isotopic temperature scale. Geol. Soc.
Am, Bull., 64:1315-1325.

Ganapathy, R., 1980. A major meteorite impact on the Earth 65 mil-
lion years ago: evidence from the Cretaceous-Tertiary Boundary
clay. Science, 209:921-923.

Hardenbol, J., and Berggren, W. A., 1978. A new Paleogene numeri-
cal time scale. In Cohee, G. V., Glaessner, M. F., and Hedberg, G.
V. (Eds.), Contributions to the Geologic Time Scale: Tulsa, Ok
(Am. Assoc. Pet. Geol.), pp. 213-234.

Hsii, K. J., 1980. Terrestrial catastrophe caused by cometary im-
pact at the end of the Cretaceous. Nafure, 285:201-203.

1981. Origin of geochemical anomalies at Cretaceous-
Tertiary boundary. Asteroid or cometary impact? Oceanol. Acta,
4:129-133.

Hsu, K. J., He, Q., McKenzie, J. A., Weissert, H., Perch-Nielsen, K.,
Oberhinsli, H., Kelts, K., LaBrecque, J., Tauze, L., Krahenbiihl,
U., Percival, S. F., Wright, R., Karpoff, A. M., Petersen, N.,
Tucker, P., Poore, R. Z., Gombos, A. M., Pisciotto, K., Carman,
M. F., and Schreiber, E., 1982. Mass mortality and its environ-
mental and evolutionary consequences. Science, 216:249-256.

Létolle, R., 1979. Oxygen 18 and carbon 13 isotopes from bulk car-
bonate samples, Leg 47B. In Sibuet, J.-C., Ryan, W. B. F., et al.,
Init. Repts. DSDP, 47, Pt. 2: Washington (U.S. Govt. Printing
Office), 493-496.

Létolle, R., Renard, M., Bourbon, M., and Filly, A., 1978. O'® and
C'3 isotopes in Leg 44 carbonates: a comparison with the Alpine
series. In Benson, W. E., Sheridan, R. E., et al., Init. Repfts.
DSDP, 44: Washington (U.S. Govt. Printing Office), 567-573.

Scholle, P. A., and Arthur, M. A., 1980. Carbon isotope fluctuations
in Cretaceous pelagic limestones: potential stratigraphic and petro-
leum exploration tool. Am. Assoc. Pet. Geol. Bull., 64:67-87.

Smit, J., and Hertogen, J., 1980. An extraterrestrial event at the Cre-
taceous-Tertiary boundary, Nature, 285:198-200.

Thierstein, H., and Berger, H., 1978, Injection events in earth his-
tory. Nature, 276:461-464.

Williams, D. F., Sommer, M. A., and Bender, M. L., 1977. Carbon
isotopic compositions of Recent planktonic foraminifera of the In-
dian Ocean. Earth Planet. Sci. Lett., 36:391-403.

Date of Initial Receipt: November 22, 1982

929



