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INTRODUCTION

Thirty-four cores from eight sites drilled in the
Norwegian-Greenland Sea were examined for
tetrapyrrole pigment content. (See Table 1 for sample
description.)

The major thrust of this investigation was to discover
the distribution of tetrapyrrole pigments with respect to
geologic age and depth of burial. The bulk of the con-
clusions drawn here is based on the UV-visible absorp-
tion data obtained from the core extracts.

SAMPLES AND PROCEDURES
All cores were stored frozen until the time of

analysis. Where sample size permitted, 100 g (wet
weight) were used for each analysis. Since only small
core wedges were provided from Sites 341 and 344, 50 g
(wet weight) of sample were examined.

The procedures followed for the extraction and isola-
tion of tetrapyrrole pigments from these cores have
been described in previous Initial Reports (Baker and
Smith, 1973; Smith and Baker, 1974; Baker and Smith,
1975a). An experimental flow sheet is presented in
Figure 1.

A Beckman ACTA CUI ultraviolet-visible scanning
spectrophotometer was used to obtain absorption spec-
tra. Mass-spectral data were obtained using a DuPont
21-491-BR mass spectrometer equipped with a solid
sample probe inlet system and digital mass marker. The
pigment sample was applied to the rounded end of a 2
X 15 mm sealed-glass capillary tube inserted into the
probe rounded end out. This method of sample in-
troduction brings the sample closer to the electron
beam, and a larger portion of nonvolatile tetrapyrrole
is carried into the ion beam as compared to the conven-
tional method.

RESULTS AND DISCUSSION
UV-visible absorption spectral data are presented in

Table 1. Of the 34 cores examined, 14 contained a non-
detectable level of pigment. These nonproductive core
samples ranged from Pleistocene to Eocene in age. In
general, pigments were more abundant in the Miocene
to Eocene sediments than in Pleistocene sediments
(Table 1).

Site 338
Cores 11 and 17 from Site 338 contained pigments

with chlorin-type spectra. In addition, another pigment
fraction having the UV-visible spectrum shown in
Figure 2 was isolated. A fraction of this pigment from
Core 17, eluted with THF from Grade III Alumina,

had a mass spectrum bearing some resemblance to
those of chlorins reported by Baker (1970) and Baker
and Smith (1973, 1975a). At this time, we will only
report the m/e values, as a structure has yet to be
assigned (see "chlorin 635," Table 2).

Site 341
Small amounts of pigment having a chlorin-like visi-

ble spectrum were found in the upper 15 to 30 meters of
Pleistocene sediment (Cores 2 and 4, respectively), with
increasing amounts at 64 to 67 meters (Cores 6 and 8,
respectively). A marked decrease in chlorin was noted
at 70 meters (Core 10). Vanadyl porphyrin was present
in these Pleistocene sediments (Core 4 at 35 m).
(Vanadyl porphyrin was again observed in Core 344-5,
Pliocene-Pleistocene, at about 30 m depth.) The com-
bination of free-base chlorin and vanadyl porphyrin is
unusual and unexpected. Only one occurrence of
vanadyl porphyrin in DSDP sediments has been
reported previously (Baker, 1971). It is generally be-
lieved that vanadyl porphyrins are thermodynamically
more stable and therefore that they represent a later
stage in diagensis of the chlorophyll molecule than free-
base chlorins. Probably these deposits, collected from
the Lofoten Basin, were derived from a mixture of very
old and very young sediments. A typical UV-visible
spectrum was obtained for the vanadyl porphyrin in
Core 341-4 (Figure 3); in addition, there was a small
peak at 590 nm; this may be due to small amounts of
rhodo-type porphyrins (Baker, 1971). Only a truncated
series, with the largest m/e peak at 541, was obtained
mass spectrometrically (Table 2). A complete series
would be: 583, 569, 555, 541, 527, 513, and 499, each 14
m/e units apart (Baker, 1971). The m/e peak appearing
at 577 does not fit the normal expected series, however,
it is indicative of the rhodo series: 456 + 65 + 14 n
(Baker et al., 1967).

Miocene sediments (384 to 451 m) collected at Site
341 contained pigments with chlorin-type spectra,
nickel porphyrin chelates, and pigments having spectra
similar to pigments from Site 338 ("chlorin 635"). Free-
base porphyrin was also indicated by UV-visible spec-
tra. Free-base porphyrin (DPEP) has only been noted
at 2 sites (Baker and Smith, 1975a) out of more than 40
DSDP sites examined. These core samples (Cores 341-
28, 30, 32, 34) were combined in order to have workable
amounts of pigments (Table 1). The nickel porphyrin
fraction isolated from Alumina Grade III with 1% 1,2
dichloroethane in benzene displayed a 1:1 a\ß ratio
(Figure 4). Such a ratio is markedly different than the
usual 3:1 ratio. Although mass spectral analyses were
attempted on this fraction, no interpretable spectra
were obtained.
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TABLE 1
Tetrapyrrole Pigments in Core Samples From Leg 38

Section

336-11-2(T)
336-22-4(T)

336-35-4(B)

3-38-11-2(B)

338-17-5 (T)

338-30-5(B)
341-2-1
341-4-1

341-6-2

341-8-3

341-10-5

341-20-3
341-234

341-25-5

341-28-5
341-28-5d

341-30-5d

341-32-5d

341-34-5d

342-6-1 (B)

343-l-2(B)
343-7-3(T)
343-15-1 (T)
344-5-5

344-7-5
344-9-5
344-11-1
344-154
344-27-3
344-31-2

345-164(B)
345-21-5 (T)
345-264(T)
3464-3(B)
346-104(B)
346-154(T)

Geologic Age

Pliocene
Oligocene
or Eocene
M. or L.
Eocene

M. Miocene

E. Miocene

Undated
Pleistocene
Pleistocene

(Mixed)
Pleistocene
(Mixed)

Pliocene or
Pleistocene

Pliocene or
Pleistocene
Pleistocene
Pliocene or
Pleistocene
Pliocene or
Pleistocene

M. Miocene
M. Miocene
M. Miocene

M. Miocene
M. Miocene
E. Miocene

E. Pleistocene
E. Eocene
E. Eocene
Pliocene-

Pleistocene
Undated
Undated
Undated
Pliocene
Pliocene

Miocene or
E. Pliocene
Oligocene
Oligocene
L. Eocene

M. Miocene (?)
M. Miocene

Eocene

Depth of
Buriala

115
240

430

110

165

290
15
30

64

67

70

242
309

337

384
384
413

432
451
147

1.5
207
274
40

54
73
92

130
244
320

336
526
687

30
87

130

Organic
Carbona

(% by wt)

0.33
0.21

0.58

0.80

1.50

0.41
0.60
0.66

0.94

0.67

0.44

0.34
0.61

0.16

0.92
0.92
1.52

2.05
1.43
1.08

0.46
0.97
0.55
1.25

.37

.62
1.16
1.0
1.21
0.67

0.38
0.29
0.29
0.28
1.32
0.36

Individual
Pigment
Yieldb

(µg/g)

0.011
None detected

Trace amount

0.062
c

Trace amount
0.120

c
c

0.008
0.022
0.019
0.076

c
Trace amount

0.030
c

0.027

None detected
None detected

0.179
0.001

c
0.016
0.002d

c

0.034
c

None detected
None detected
None detected

0.024
0.037

None detected
None detected
None detected
None detected
None detected
None detected

None detected
None detected

0.004
0.001
0.005
0.036

410

392

410
402

(393-5
410

402
402

407
(410)

402
395
410
402
410

(410)
393
402

396
399

(405)
402

410
407

392

394

UV-Visible Absorption Spectra

500

500

520

495

510

512

(550)
(530)

530

547

520
(550)

545

530

548

550

(nm)

584

585
580

570

(585)

(585)

585

556
585

584

570

590

615

635

635

637

637

638

635

660

662
662

662-
665
660

(665)
665
662

662-
665
667

667
660
660

662

660

655

662
(660)

660

660
660

Pigment Type

Chlorin

Metallo porphyrin?

Chlorin
"Chlorin 635"

Metallo porphyrin?
Chlorin

"Chlorin 635"
"Chlorin 635"

Chlorin
Chlorin

Vanadyl porphyrin
Chlorin

"Chlorin 635"
Metallo porphyrin?

Chlorin
"Chlorin 635"

Chlorin

Chlorin
Nickel porphyrin

"Chlorin 635"
Chlorin

Nickel porphyrin
"Chlorin 635" and
free-base porphyrin

Chlorin
"Chlorin 635"

Chlorin
Vanadyl porphyrin

Nickel porphyrin
Chlorin
Chlorin

Nickel porphyrin

aData obtained from Leg 38 summary.

"Pigment yield calculated by using the following molar extinction coefficients:
550 nm; vanadyl porphyrin = 26140 at 570 nm.

cNot calculated.
d341-28, -30, -32, and -34 combined.

pheophytin "a" = 64000 at 660 nm; nickel porphyrin = 34820 at

Site 342

Chlorin-type spectra were obtained for Core 6 (early
Miocene) as well as pigments with 402, 584, 635, 660
nm spectra. This is not an uncommon occurrence, since

chlorins were found in Oligocene to late Eocene
sediments collected during earlier legs (Baker and
Smith, 1975b). The amount of chlorin found in 342-6-
1(B) (0.034 µg/g) is similar to the amount of
chlorin (0.024 to 0.09 µg/g) reported for Miocene
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Sediment cores frozen at -20°C

I
Ball mill extraction with acetone: methanol , 9:1

U.V.-visible spectra of total extracts
I

Sephadex LH20 chromatography with THF as solvent

Chlorins Porphyrins & metalloporphyrins

i f
Diazomethane - Esterification

U.V.-visible

Sugar chromatography with cyclohexane, benzene, ethyl ether
U.V.-visible of sugar fractionsI
Alumina grad III chromatography

1,2 Dichloroethane 50* 1,2 Dichloroethane
in benzene in benzene

Nickel
Porphyrins

MSA demetallation
U.V.-visible

I
neutralization-

Vanadyl
Porphyrins

Free base porphyrins
and chlorins

-»-Mass Spectrometry-*-

Figure 1. Experimental flow sheet.

350
WAVELENGTH (nanometers)

Figure 2. UV-visible spectrum of "chlorin 635" from 338-
17.

samples from Leg 31 sediments (Baker and Smith,
1975a).

Site 346
Small amounts of chlorin were found at 30 and 87

meters (Cores 4 and 10, respectively). Core 4 was ex-
amined to a greater extent for comparison with Cores
341-4 and 344-5, also from approximately 30 meters

depth. The absence of vanadyl porphyrin in Core 346-4
may reflect a difference in geological setting: Site 346
was on the east slope of Jan Mayen Ridge, whereas
Sites 341 and 344 were in the Lofoten Basin.

Core 15 (at 130 m) contained relatively large
amounts of nickel porphyrin (0.036 µg/g). The nickel
chelate was converted to the free base by treatment with
MSA at 100°C for 1 hour, and the free-base porphyrin
with the following UV-visible spectrum was obtained
after neutralization with sodium carbonate and extrac-
tion with ethyl ether: 395, 495, 520, 563, 618 nm. Based
on the nature of this absorption spectrum and mass
spectral data (Table 2), this pigment was interpreted to
be a mixture of DPEP and etioporphyrin (Baker, 1969).
The mass spectrum displays these two series: etio = 422
+ 14w and DPEP = 420 + 14 n (Baker, 1969), both
series incorporating the natural abundance of Ni58

(67.8%) and Ni60 (26.2%). Thus, the m/e peaks appear
in groups of three, for example, m/e 532, 534, 536. A
precise interpretation of the mass spectrum would re-
quire lower background than was achieved with the
small amount of sample available for this study. We es-
timate the DPEP: etio ratio to be 2:1 based on relative
mass spectral peak intensities and the free-base absorp-
tion spectrum.

SUMMARY
Tetraypyrrole pigments were found in sediments

ranging from Pleistocene to Eocene in age. Although
chlorins were abundant in Miocene sediments, their
presence was generally characteristic of younger
(Pleistocene) sediments. No mass spectral analyses were
made on chlorins isolated during this study. Nickel
porphyrins were found in the older (Pliocene-Eocene)
sediments collected during Leg 38. The distribution of
these pigments is not unlike those reported in previous
DSDP studies (Smith and Baker, 1974; Baker and
Smith, 1975a, b). Nickel DPEP and nickel
etioporphyrin were present in at least one Eocene sedi-
ment (Core 346-15). We cannot make any statements
concerning the nature of the other nickel chelates;
higher concentrations would be needed in order to
study their structures in greater detail.

In two Pleistocene samples vanadyl porphyrins and
chlorins were found together. In Core 341-4, they were
present in approximately qual concentrations, while in
Core 344-5 the chlorins were one-third as abundant as
the vanadyl porphyrin. Previously, vanadyl porphyrins
were noted in Tertiary sediments (Baker, 1971); we
suggest that the combination of chlorins and vanadyl
porphyrins found here is not a normal distribution and
may be due to mixing of older with younger sediments.

The presence of free-base porphyrins was indicated
(by UV-visible spectra) in middle Miocene sediments of
Site 341. Their occurrence was coupled with chlorin
(Core 341-28), nickel porphyrin and "chlorin 635"
(Cores 341-28, 30, 32, and 34). The occurrence of free-
base porphyrin was noted earlier by Baker and Smith
(1975a) in two Pliocene-Miocene sites. No judgment
can be made concerning this rather odd mixture of
tetrapyrrole pigments present in these middle Miocene
sediments without a more complete study. "Chlorin
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Core

338-17
341-4
346-15

872 830 814 641

532
a20

TABLE 2
Mass Spectra of Leg 38 Tetrapyrrole Pigments

626

513
38

Mass Spectrum (m/e)

578
577
504

5 7

569
541
492

61

554 538
527 513
478 464
100 91

524

450
63

414 386 368 313

Pigment Type

"Chlorin 635"
Vanadyl porphyrin
Nickel porphyrin

Peak intensities (normalized to 100 for the largest m/e peak).

350
WAVELENGTH (nanometers

Figure 3. UV-visible spectrum of nickel porphyrin from core
341 (28-32).

635," present in three Pleistocene or Pliocene and five
Miocene-Eocene sediments, has not been reported in
earlier DSDP sediments.
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