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ABSTRACT

Five heavy mineral associations occur in the Paleocene and Eocene sediments recovered during Leg 81 of the Deep
Sea Drilling Project (DSDP) in the SW Rockall area. Association 1, consisting of augite, iddingsite, and olivine, was
derived from the basaltic rocks of the northern part of the Rockall Plateau. Association 2 consists of epidote group
minerals, including piedmontite, and amphiboles of actinolite, actinolitic hornblende, and magnesio-hornblende com-
positions, and was derived from the metamorphic basement of south Greenland. Association 3 comprises garnet, au-
gite, apatite, and edenitic and pargasitic amphiboles and has a provenance in the southern Rockall Plateau. Associa-
tions 4 (garnet, apatite, edenitic/pargasitic amphiboles) and 5 (garnet, apatite) are intrastratal solution derivatives of
Association 3, with successive removal of first pyroxene and then amphibole with increasing depth of burial.

Throughout the SW Rockall Plateau area there is a significant change in the spectrum of the above assemblages in the
lower part of the Eocene. This change has been noted at Sites 403, 404, 553, and 555 and is defined by the last appear-
ance of Association 2. This level therefore marks the cessation of sediment supply from southern Greenland and is the
result of the final separation of Rockall and Greenland immediately prior to magnetic Anomaly 24.

INTRODUCTION

Of the four sites drilled during Leg 81 of the Deep Sea
Drilling Project (DSDP) SW Rockall Plateau, three (Sites
552, 553, and 555) encountered sand-grade terrigenous
sediments of Paleocene to Eocene age (Fig. 1). Previous
work on the heavy minerals of Paleogene sediments drilled
during DSDP Leg 48 in the same area (Harrison et al.,
1979) indicated that major changes in sediment supply
took place during the interval related to the onset of sea-
floor spreading between Rockall and Greenland. The pur-
pose of this study was to discover whether similar heavy
mineral changes occur within the Leg 81 sediments, to
elucidate more fully the sediment source areas, and to
consider the factors controlling heavy mineral distribu-
tion.

METHOD OF ANALYSIS

Heavy minerals were extracted from the 30-40 (63-125 µm) sand
fraction by gravity-settling in bromoform of s.g. 2.80, following disag-
gregation using an ultrasonic probe. Three carbonate-cemented sam-
ples from Hole 553A were treated with dilute HC1 to aid disaggrega-
tion. Although this evidently caused partial dissolution of apatite grains,
as shown by the development of etch features on grain surfaces, apa-
tite proportions have not been significantly reduced in terms of grain
count.

The resulting heavy mineral separates were examined optically; non-
opaque detrital heavy mineral proportions were estimated by counting
200 grains using the ribbon method of Galehouse (1971). The compo-
sition of some of the heavy mineral groups present, particularly the
amphiboles, was investigated by electron microprobe, using an energy-
dispersive X-ray analyzer, and the surface textures of some grains were
examined under an ISI60a scanning electron microscope.

Roberts, D. G., Schnitker, D., et al., Init. Repts. DSDP, 81: Washington (U.S. Govt.
Printing Office).

2 Address: British Geological Survey, Keyworth, Nottingham NG12 5GG, United
Kingdom.

HEAVY MINERAL ASSEMBLAGES

The nonopaque heavy minerals identified during the
study are allanite, andalusite, anatase, apatite, augite,
clinozoisite, epidote, garnet, hornblende, hypersthene,
iddingsite, kyanite, olivine, piedmontite, rutile, sphene,
spinel, tourmaline, tremolite, and zircon. Their abun-
dances are shown in Tables 1-3. The varieties present are
similar in most respects to those described by Harrison
et al. (1979) from the Leg 48 material, and further de-
scription is not warranted. However, four additional points
should be made.

1. Iddingsite was not encountered in the Leg 48 sedi-
ments because of incomplete sampling, but it is an im-
portant member of some assemblages from the Leg 81
material. It occurs as deep red rounded or subrounded
grains which have variable extinction and birefringence,
some with wavy extinction patterns. Where the extinc-
tion is well developed, birefringence is moderate or strong.
Iddingsite is not a mineral in the strictest sense, in that it
does not have a definite structure and chemical compo-
sition (Gay and le Maitre, 1961), but the range in com-
position shown by the grains analyzed in this study (Ta-
ble 4) is not dissimilar to the range of iddingsite compo-
sitions given by Ross and Shannon (1925) and Gay and
le Maitre (1961).

2. The second point concerns the clinopyroxene en-
countered in the Leg 81 sediments. Two types, I and II,
can be distinguished on optical grounds. Type I is com-
monly green or brown, ranging to dark brown or pur-
plish brown in color, the more strongly-colored varieties
being slightly pleochroic, with some grains enclosing pla-
gioclase laths. Type II is predominantly colorless, pale
pink or pale green, and strongly resembles the variety
diallage, as described by Kerr (1959, pp. 308-309). Type
I occurs at all sites, but type II, although the dominant
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Figure 1. Paleogeographical reconstructions of the North Atlantic at Anomaly 24 time, after Roberts et al.
(1979), showing locations of the DSDP holes discussed in this chapter.

Table 1. Results of heavy mineral analyses of samples from DSDP Leg 81, Site 552. Proportions of heavy minerals denoted in percentages; those be-
low 0.5% are represented as R (rare). Figures in parentheses denote actual grain count and are shown for samples with less than 100 detrital
grains.

Total
Sample Anda- Augite Horn- Hyper- Iddiπg- Tour- Tre- grain

(interval in cm) lusite Anatase Apatite (I) Epidote Garnet blende sthene site Olivine Rutile Sphene maline molite Zircon count

Hole 552

9-3, 125-127
12-4, 30-32
13-1, 86-88
14-3, 31-33
16-1, 70-72
18-1, 44-46
18-2, 29-31
21-3, 13-15

Hole 552A

38-1, 51-53
38-3, 99-102

0.5

(1) (2)
(2)

82.0
96.5
98.5
99.0
99.5
(4)
(4)
(4)

75.0
87.5

(1)
(1)

R

(1)
(1)

0.5
R
R

(19)
(57)

0.5

(4)
(1)

17.5
1.5
0.5
0.5

(1)

25.0
1.5

1.5
1.0
0.5
0.5

0.5

(1)

(1)

(1)

(3)

200
200
200
200
200

6
32
71

200
200

Table 2. Results of heavy mineral analyses of samples from DSDP Leg 81, Site 553. (See Table 1 for explanation.)

Sample
(interval in cm)

Alla-
nite

Anda-
lusite Apatite

Augite

(I)

Clino-
zoisite Epidote Garnet

Horn-
blende

Hyper-

sthene
Idding-

site Kyanite Olivine
Pied-

montite Rutile Sphene Spinel maline molite

Total
grain

Zircon count

10-7, 48-50
11-5, 27-28
12-1,25-26
12-3, 142-144
13-1, 82-85
13-2, 90-92
14-3, 116-118
15-1, 127-129
18-2, 24-25
19-2, 90-91
20-2, 118-120
22-5, 75-76
24-2, 14-17
26-1, 116-118
28.CC
29.CC
32,CC
34-1, 9-13
36-2, 46-48

1.0
0.5
0.5
0.5

0.5
1.0
0.5

0.5
0.5

R
0.5

4.5

(2)

4.0

3.5

6.0

2.5

2.0

3.0

7.0

2.5

6.5

5.5

2.0

1.0

1.5

85.0

97.0

98.0

1.0

(10)

6.0

1.5

1.0

2.0

2.5

1.0

0.5

0.5

1.0

R
1.0

0.5

0.5

(1)

2.5

1.5

1.5

1.0

1.5

0.5

1.0

1.0

2.5

1.5

2.0

2.5

2.0

0.5

11.5

(36)

19.5

27.5

32.0

14.0

15.5

10.5

14.0

16.5

25.0

17.5

23.0

30.0

18.5

2.0

(1)

2.0

0.5

0.5

1.0

1.5

0.5

2.0

0.5

1.0

1.0

0.5

1.5

1.5

(1.5

1.0

1.0

65.5

(40)

55.0

59.5

51.0

70.0

71.5

75.0

67.5

67.5

57.5

66.5

65.0

57.5

69.5

0.5

0.5

R

0.5

R
0.5

14.5
1.0
0.5

0.5
R

3.0
(3)
2.0
4.0
4.5
2.5
1.5
2.5

0.5
1.0
3.0

(1)

2.0

1.0

1.0

0.5

0.5

1.5

0.5

0.5

1.5

R
0.5

0.5

8.5

2.5

1.0

1.0

2.0

1.5

5.0

3.5

4.0

2.5

3.0

3.0

3.0

3.0

2.0

2.5

2.5

0.5

0.5

1.5

0.5

1.0

0.5

1.0

0.5

1.0

0.5

1.0

1.0

1.0

200

200

200

168

96

116

200

200

200

200

200

200

200

200

200

200

200

200

200
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Table 3. Results of heavy mineral analyses of samples from DSDP Leg 81. Site 555. (See Table 1 for explanation.)

Sample Alla-
(interval in cm) nite

Hole 555

27-1,0-15
27-2, 4-6
28-1, 12-14
30.CC
31-1, 82-84
31-2, 12-14
32-2, 26-28
33-2, 102-103
34-2, 110-112
34-4, 57-58 R
34.CC (12-14)
36-1, 125-127
38-2, 62-64 R
41-2, 33-35
44-3, 103-105
47-4, 122-124
51-1, 12-14
54-6, 43-46
58-2, 85-88
60-6, 15-18
64-3, 115-117
67-1, 13-15
69-6, 45-48
70-2, 42-44
84-1, 38-40
87-5, 12-14
88-5, 10-13
92-2, 120-123

Anatase

0.5
0.5

0.5

0.5
R

0.5
0.5
1.0

1.5
R
R
R
R

0.5

R

R
0.5

Anda-
lusite Apatite

5.0
1.5
4.0
8.0

11.5
22.0
27.5

R 22.0
18.0

8.0
3.5
3.0
4.0

15.0
16.5
12.0
3.5

11.0
32.0
14.0
15.0
16.5
15.5
12.0
24.5
21.0
46.5
44.0

Augite
(I)

1.5
37.5

5.0
13.5
20.0
17.5
11.5
6.0

Augite
(II)

17.5
6.0

13.5
42.0
23.5
21.0

5.0
1.0
2.5
1.5
1.0
0.5
4.5

2.0
1.0

2.0
4.0
8.5
5.0
0.5

Clino-
zoisite

R

R

0.5
1.5
1.5
2.0
1.5
1.0

2.5
2.0

0.5

3.0

Epidote

0.5

1.5

1.0
1.0
0.5
7.5
6.0

24.5
28.5
23.5
26.5
11.5
2.0
1.5

25.0
23.0

1.0
0.5
2.5
5.0
1.0
3.5
1.0

37.5
2.0
3.5

Garnet

53.5
33.0
72.0
54.5
11.0
24.0
21.0

9.0
15.5

1.0
0.5
R
1.5

21.0
26.0
27.5

7.5
6.0

16.0
15.0
17.0
23.0
15.5
15.5
25.0
17.5
43.5
45.5

Horn-
blende

27.5
8.5

10.0
5.0
8.0
7.5

15.0
45.0
55.0
57.0
59.0
63.0
61.5
43.0
57.0
54.5
56.0
45.5
48.5
62.5
61.0
47.5
56.0
60.5
45.5

5.0
1.0
0.5

Hyper-
sthene

R
1.0
0.5
0.5
1.0
0.5
1.5
0.5

0.5

Idding-
site Olivine

6.5 R
0.5

R
R
R
R
R

Pied-
montite

R
R
R
R

R

R

R

Rutile Sphene

R 2.5
R
R

1.0

0.5 1.0
3.0

0.5 3.0
4.5
2.5
1.5
1.0
0.5
3.0
7.0
0.5
1.5
R

1.5
0.5
1.0

7.0
1.5
0.5

Tour-
maline

2.0

R
0.5

1.0
0.5
0.5

R

5.0

Tre-
molite

0.5

0.5
0.5
1.0
2.0
1.5
1.0

0.5

1.0

0.5

Zircon

R
0.5
1.0
5.0
4.5
3.5
1.0
5.0
1.5
1.5
1.0

1.0

1.0
1.0
4.0
2.0
1.0
2.5
2.5
1.5
2.0
3.5
4.0
5.5
5.5

Total
grain
count

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
151
200
200
200
200
200
200
200
200
200
200

Table 4. Comparison of published iddingsite compositions with
those of iddingsite grains from Leg 81 sediments. Published id-
dingsites determined by chemical methods; those of Leg 81 de-
termined by electron microprobe.

CaSiO,

Compound

Iddingsite range
(Ross and Shannon, 1925;
Gay and le Maitre, 1961)

Range of "iddingsite"
grains in this study

SiO2

A12O3
Cr2O3
Fe2O3
FeO
MnO
MgO
CaO
Na2O
K2O

Total

17.52-44.38
0.00-0.70
0.00-8.00

n.d.
20.70-57.27
0.00-4.64

0.45a

2.50-24.00
1.64-3.60
O.18-O.31b

O.28-O.31b

81.52-95.80

15.46-25.97
1.94-4.17
8.28-12.25
0.00-0.28

36.32-50.81
0.00-0.27
0.84-2.44
0.29-0.52
0.49-1.42
0.33-1.83

75.76-85.06

j* Only one analysis determined MnO.
b Only two analyses determined Na2O and K2O.
c All Fe calculated as FeO.

type at Site 555, is absent from Sites 552 and 553 and
from the Leg 48 sediments. However, the two types are
virtually indistinguishable on compositional grounds, as
determined by electron microprobe analysis (Fig. 2); there-
fore, in Tables 1,2, and 3 they are termed augite and re-
ferred to as types I and II.

3. The terms hornblende and tremolite as used in Ta-
bles 1,2, and 3 are varieties of amphibole distinguished
on optical grounds, the hornblende being brown, brown-
green, green, or bluish-green clinoamphibole and the
tremolite being colorless clinoamphibole. Analysis of 165
amphibole grains by electron microprobe reveals strong
compositional variations, from pargasite to tremolite-
actinolite (Fig. 3). Two distinct amphibole populations
can be delineated on compositional grounds, as dis-
cussed later.

o Type I augite

X Type II augite

50
FeSiO3

Figure 2. Variations in composition of detrital clinopyroxenes in Leg
81 sediments as determined by electron microprobe analysis. No-
menclature follows that of Poldervaart and Hess (1951).

4. The single grain of spinel encountered in the Leg 81
sediments is deep brown and is probably picotite, whereas
the Leg 48 spinel is the bluish-green variety, pleonaste.

HEAVY MINERAL ASSOCIATIONS

As Tables 1,2, and 3 show, there are major variations
in heavy mineral assemblages in the Paleogene sediments
recovered during Leg 81. Particularly variable are the
proportions of apatite, augite, epidote, garnet, and horn-
blende, and these variations define five distinct groups,
or associations, as follows:

Association 1: Dominated by type I augite, common-
ly with iddingsite (up to 25%) and minor olivine.

Association 2: Largely consisting of epidote group min-
erals (epidote, clinozoisite, and piedmontite, averaging
22.5%) and amphiboles (bluish-green hornblende and tre-
molite, averaging 65.5%). Apatite occurs in quantities
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°>0.5 "

Compositional range of Associations 3 + 4 amphiboles

Compositional range of Association 2 amphiboles

A Amphiboles from Sample 555-36-1, 125-127 cm

• Amphiboles from Sample 553A-19-2, 90-91 cm

Δ Amphiboles from Sample 555-60-6, 15-18 cm

ü Amphiboles from Sample 555-31-1, 82-84 cm

× Rockall Bank amphiboles

Figure 3. Compositional ranges of amphiboles from Leg 81 sediments, as determined by electron microprobe analysis.

up to 7%; garnet and augite are only minor, neither ex-
ceeding 2%.

Association 3: Contains type II augites, garnet, horn-
blende (brown or green varieties), and apatite, all pres-
ent as major phases in variable proportions. Hyper-
sthene is also present; epidote is minor, rarely exceeding
1%; and piedmontite is absent.

Association 4: An apatite-garnet-hornblende associ-
ation, with apatite averaging 17.5%, garnet 20%, and
brown-green hornblende 54%. Minor amounts of type
II augite and hypersthene occur; most display etch fea-
tures similar to those shown in Figures 4 and 5. Epidote
is minor, piedmontite absent.

Association 5: An apatite-garnet association, with
apatite averaging 45% and garnet 44.5%. Hornblende
(brown-green) is minor, and extremely etched (Fig. 6);
epidote rarely exceeds 2%.

Not all these associations represent sediment from dif-
ferent source areas. Associations 3,4, and 5 are virtually
confined to Site 555, and their distribution here is de-
pendent on burial depth. Pyroxenes are only common
above 350 m below the sea bed, and amphiboles become
rare below 860 m. These minerals show extreme etch
features close to their critical depths (Figs. 4, 5, and 6),
indicating that their disappearance downhole is the result
of depth-related dissolution processes. This is substanti-
ated by the lack of any statistically significant difference
between the amphibole populations of a sample belong-
ing to Association 3 (Sample 551-31-1, 82-84 cm) and
one belonging to Association 4 (Sample 555-60-6, 15-18
cm) (Table 5). It is known that burial depth is a major

5µm

Figure 4. Augite grain showing well-developed etch facets, Sample
555-27-2, 4-6 cm.

control on intrastratal solution processes (Füchtbauer,
1970; Morton, 1979, 1982, and in press), and the order
of stability shown at Site 555 (pyroxene < amphibole <
epidote, apatite and garnet) is in full agreement with ac-
cepted orders of stability (Füchtbauer, 1970; Morton, in
press).

On the other hand, there can be no doubt that Asso-
ciations 1,2, and 3 (and its diagenetic derivatives) repre-
sent genuine differences in sediment source. Association
1 is clearly different from the other two in that it con-
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20 µm

Figure 5. Hypersthene grain showing development of skeletal form,
Sample 555-27-2, 4-6 cm.

lOµm

Figure 6. Highly etched amphibole grain, Sample 555-84-1, 38-40 cm.

Table 5. Average compositions of amphibole populations from the
Leg 81 sediments.

(interval in cm)

553A-19-2, 90-91
555-36-1, 125-127
555-31-1, 82-84
555-60-6, 15-18
Combined association 2
Combined associations 3 and 4

Heavy
mineral

ation

2
2
3
4

M

7.173
6.935
6.722
6.756
7.073
6.764

Si

S

0.381
0.374
0.368
0.418
0.393
0.390

(Na +

M

0.405
0.509
0.665
0.618
0.449
0.642

K)A

s

0.212
0.186
0.202
0.240
0.208
0.221

Mg/Mg

M

0.610
0.605
0.475
0.529
0.608
0.501

+ Fe

S

0.119
0.147
0.169
0.231
0.131
0.202

No. of

analyzed

49
36
42
38
85
80

Note: M = mean, S = standard deviation. The parameters Si, (Na + K)A• and Mg/Mg + Fe are those
used by Leake (1978) to distinguish amphibole types, except that Leake used the ratio Mg/Mg +
Fe^ + , which cannot be determined from electron microprobe analyses.

tains mineral species not present in Associations 2 and
3. Although there are species common to Associations 2
and 3, there are significant differences, particularly in
the ratio of epidote to garnet. Epidote/epidote + gar-
net is consistently over 0.9 in Association 2 and consis-
tently less than 0.1 in Associations 3, 4, and 5. Neither
of these minerals has been adversely affected by intra-
stratal solution processes in the Leg 81 sediments, both
occurring in some abundance in the most deeply buried

sediments recovered (epidote group minerals exceeding
40% of the assemblage from Sample 555-87-5, 12-14 cm,
and garnet exceeding 45% of the assemblage from Sam-
ple 555-92-2, 120-123 cm).

The primary depositional difference between the as-
sociations is further emphasized by the difference in am-
phibole compositions, as determined by electron micro-
probe analysis (Fig. 3; Table 5), with Association 2 being
dominated by actinolites, actinolitic hornblendes, and
magnesio-hornblendes, and Association 3 being domi-
nated by edenites and pargasites. One hundred sixty-five
detrital amphiboles were analyzed in this way, drawn
from four samples, two belonging to Association 2 (Sam-
ples 553A-19-2, 90-91 cm and 555-36-1, 125-127 cm),
one from Association 3 (Sample 555-31-1, 82-84 cm),
and one from Association 4 (Sample 555-60-6, 15-18
cm). Statistical treatment of the data in Table 5 indicates
that there is no significant difference between the popu-
lations from Associations 3 and 4, and although the Si
and (Na + K)A values are somewhat different between
the two samples from Association 2, there is no signifi-
cant difference in Mg/Mg + Fe. The variation in Si and
(Na + K)A is here attributed to the presence of a num-
ber of amphiboles of Association 3 type in the sample
from Site 555, because this site is closer to the source of
this association than is Site 553 (see later). Grouping the
two amphibole populations indicates that on all three cri-
teria (Si, (Na + K)A, and Mg/Mg + Fe values) the
chances that the amphiboles from Association 2 and
those from Associations 3 and 4 are drawn from the
same population are negligible, thus confirming the
view that Associations 2 and 3 were derived from differ-
ent source areas.

The assemblages examined from Sites 552 and 553
belong wholly to one of the three associations without a
significant degree of mixing, which makes it relatively
easy to plot the changes in influence of the associations
at these sites (Figs. 7, 8). This is not the case with Site
555, where all three associations interplay to varying ex-
tents. As stated earlier, Association 2 is characterized by

200 -

300 H

///////////

//////////////////

/////////////////

'////////////////A

λWWWWWWWW

v\\\\\\\\\\\\\\\\\
Key

>' >

Sample
(interval in cm)

9-3, 125-127

12-4. 30-32

13-1.86-88

14-3, 31-33

16-1.70-73

18-2, 29-31

21-3; 13-15

Association 1

Association 3

Interval with scarce
heavy minerals

Figure 7. Distribution of heavy mineral associations at Site 552.
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3 0 0 -

4 0 0 -

5 0 0 -

Sample
(interval in cm)

10-7
12-1

12-3.
14-3.
15-1,

, 48-50
, 25-26
142-144
116-118
127-129

*:'„•*.'• .'.'»'•;

18-2, 24-25

19-2, 90-91
20-2, 118-120

22-5, 75-76

24-2, 14-17

26-1, 116-118

28,CC
29.CC

32,CC

34-1,9-13

36-2,46-48

Key

Association 1

Association 2

Figure 8. Distribution of heavy mineral associations at Site 553.

a higher epidote/epidote + garnet ratio (>0.9) than
Associations 3, 4, and 5 (<O.l). The degree of interplay
of the two associations in a mixed assemblage can there-
fore be determined by its epidote/epidote + garnet ra-
tio (for example, the assemblage from Sample 555-41-2,
33-35 cm has a ratio of 0.37, indicating that Associa-
tion 2 comprises about 34% of the assemblage and As-
sociation 3, 66%). Mixed assemblages of Association 1
and 3 are segregated by assuming the type I augite + id-
dingsite content to be representative of Association 1,
and the rest therefore of Association 3. The relative in-
fluences of Associations 1, 2, and 3 at Site 555 are
shown in Figure 9.

SEDIMENT PROVENANCE

As the preceding discussion has shown, sediment was
supplied to the SW Rockall area from three separate
source areas during the early Paleogene, each character-
ized by a distinct heavy mineral assemblage. It is, there-
fore, pertinent here to discuss the provenance of these
associations.

Association 1

The association of augite, often enclosing plagioclase
laths, with iddingsite and olivine indicates a basaltic source
for Association 1, but whether it is of terrigenous or py-
roclastic input is not immediately clear. Many of the as-
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Key

Association 1

Association 2

Association 3, 4, and 5

Figure 9. Distribution of heavy mineral associations at Site 555.
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sociated tuffs contain accessory augite (Morton and
Keene, this volume), and one also contains iddingsite
(Sample 552-19,CC). The relationship between the abun-
dance of heavy minerals of Association 1 to that of ash-
fall volcanic glass is instructive in ascertaining which of
these two mechanisms is the more important. This was
investigated by determining the proportions of heavy min-
eral grains and of volcanic glass (and its alteration prod-
ucts) by point-counting thin sections of those sediments
containing Association 1 from Site 552. It is immedi-
ately clear from the data (Table 6) that the basaltic heavy
minerals are more abundant in the nonvolcanogenic
sediments than in the tuffs. This impression is verified
by statistical treatment: There is clearly a reciprocal re-
lationship between the proportions of volcanic glass and
of heavy minerals (correlation coefficient, r = 0.80).
Therefore, although it is clear from thin-section exami-
nation that some of the augite and iddingsite are of ash-
fall origin, it seems that the major contribution has
been made by erosion of pre-existing basalts.

The interval dominated by Association 1 thickens to-
wards the Rockall Plateau (thicker, for example, at Sites
552 and 404 than at Sites 553 or 403), suggesting that the
sediment source lay on the plateau. Lower Tertiary ba-
salts are known to occur in the northern parts of the
Rockall Plateau (Roberts et al., 1971) and contain the
augite and iddingsite that characterize Association 1
(Sabine, 1972). It seems most likely, therefore, that the
sediments containing Association 1 have derived through
erosion of basalts in the northern part of the Rockall
Plateau.

Association 2
The association of epidote, clinozoisite, and piedmon-

tite with amphiboles of magnesio-hornblende, actinolitic
hornblende, and actinolite compositions is indicative of
derivation from metamorphic basement. However, base-
ment rocks of this mineralogy have not been recorded
from the Rockall Bank, although dredging on the Lousy
Bank to the north recovered glacial erratics with suitable
compositions (Carruthers et al., 1923). The distribution

Table 6. Thin-section point-count data of heavy
mineral and volcanic particle proportions from
Site 552, showing a good correlation between
V and 1/H (correlation coefficient, r - 0.80).

Sample
(interval in cm)

552-9-3, 125-127
552-9-5, 97-99
552-12-2, 106-108
552-12-4, 30-32
552-12-7, 25-27
552-13-1, 138-140
552-14-2, 127-130
552-14-4, 35-37
552-15-1, 38-44
552-16-1, 70-73
552-17-1, 23-25
552-19.CC
552A-37-1, 123-126

Percent
volcanic
particles

(V)

6
15
94
10
6

13
44
36
50
13
9

29
94

Percent
heavy

minerals
(H)

10
3
0.5
8
4
5
1
1
1
2
1
3
1

i

1

H

0.10
0.33
2.00
0.13
0.25
0.20
1.00
1.00
1.00
0.50
1.00
0.33
1.00

of sediments of Association 2 also seem to argue against
a Rockall source, in that they are better represented at
Sites 403 and 553 to the southwest of the plateau than at
Site 555, situated on the plateau.

Magnetic anisotropy studies of sediments of Associa-
tion 2 indicate a derivation from the NW (Hailwood
and Sayre, 1979), that is, from southern Greenland. In
view of the inferred proximity of Greenland to the Rock-
all area (Fig. 1) during Paleocene and early Eocene
times, such a source seems reasonable. Moreover, an in-
vestigation by Crommelin (1937) on modern beach sands
from the south coast of Greenland revealed the presence
of very similar assemblages, dominated by hornblende
and epidote, even to the extent of the discovery of pied-
montite in one sample. This indicates beyond all reason-
able doubt that the source for Association 2 lay in south-
ern Greenland.

Association 3
With the exception of one sample from Site 404 (Harri-

son et al., 1979) and two from Site 552, Association 3
has only been noted at Site 555, strongly suggesting a lo-
cal source. Roberts et al. (1972, 1973) have shown that
metamorphic basement outcrops over a wide area of the
southern part of the Rockall Bank, and the cores and
dredge hauls that they describe have very similar mineralo-
gies to the sediments of Association 3. Furthermore,
electron microprobe analyses of amphiboles from such
cores indicate that they fall within the compositional
range of Association 3 amphiboles (Fig. 3). There can
be no doubt that Association 3 was derived from the
metamorphic basement of the southern Rockall Bank.

STRATIGRAPHY
Apart from the obvious geographical variations in

heavy mineral distribution, there are also significant strati-
graphical changes. In the sediments from Leg 48, Sites
403 and 404, a sharp change in mineralogy was noted
within the lower Eocene, from epidote-hornblende (As-
sociation 2) below to augite (Association 1) or "diop-
side-hypersthene" (Association 3) above (Harrison et al.,
1979). The change was not seen at Site 552 because drill-
ing was abandoned before reaching this level, but it clearly
occurs at Site 553 (Fig. 5). The uppermost sample to
contain a 100% Association 2 sample at Site 555 is from
Sample 555-34-4, 57-58 cm (Fig. 6). At both Sites 553
and 555 this change takes place close to the NP 10/NP
11 boundary (Backman, this volume). Information from
the dinoflagellates is more limited, but the occurrence
of Wetzeliella meckelfeldensis above the disappearance
datum of Association 2 at Site 555 (Brown and Downie,
this volume) is consistent with the results from Leg 48,
where the heavy mineral break lies within Zone lb of
Costa and Downie (1979). It seems therefore that the
disappearance of Association 2 occurred almost synchro-
nously over the area, indicating both its value as a strati-
graphic marker horizon and that a major change in sed-
iment source took place at this time. The break is close
to the base of magnetic Anomaly 24 (Fig. 10) and oc-
curs at the base of or within the lower part of the glau-
conitic horizon noted by Morton et al. (this volume),
which marks a major transgression over the area. This
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Figure 10. Correlation of lower Eocene sequences drilled during DSDP Legs 48 and 81 in the SW Rockall Plateau area. Datum level is the base of the
glauconitic horizon noted by Morton et al. (this volume). Note the disappearance of heavy mineral Association 2 slightly above this level, indicat-
ing cut-off in supply from southern Greenland at this time. Nannoplankton zone assignments for Sites 552, 553, and 555 are from Backman (this
volume): for the Leg 48 material, Müller's (1979) assignments have been redefined to follow the criteria used by Backman (this volume). Dinofla-
gellate cyst zonation follows Costa and Downie (1979) and Brown and Downie (this volume).

transgression resulted from the final separation of the
Rockall and Greenland landmasses immediately prior to
Anomaly 24 time (Morton et al., this volume). It is not
surprising, therefore, that Greenland-derived sediments
disappear from the area at about the same time. Their
persistence in minor amounts to levels slightly above the
base of glauconitic horizon is probably the result of re-
working of underlying sediment during the major trans-
gression referred to above.

This change is the most significant event within the
lower Paleogene sequence, but two other points should
be made. Above the glauconitic horizon at Sites 404 and
552, there is a zone where heavy minerals are particular-
ly scarce between zones where Associations 1 and 2 domi-
nate (Fig. 10). This depletion is probably the combined
effect of two factors. The first is that the major trans-
gression will inevitably have forced back the coastline
and even perhaps partially inundated the source area,
thus temporarily restricting terrigenous input. The other
is that the high organic productivity associated with the

zone (as shown by the change from a dominantly clastic
sediment below to a dominantly biogenic sediment above)
has caused a relative dilution in heavy mineral content.

Below the heavy mineral break, Greenland-derived sed-
iment is overwhelmingly dominant, to the extent that
Rockall-derived material is restricted to Site 555, and
even here, brief influxes of the former have occurred
(Fig. 9). It is noteworthy that the intervals dominated
by Greenland-derived detritus at Site 555 are precisely
those characterized by a low dinoflagellate cyst content
relative to pollen (Brown and Downie, this volume).
Fluctuations in the dinoflagellate/pollen ratio are be-
lieved to represent fluctuations in the position of the
coastline, with low dinoflagellate proportions indicating
nearshore conditions, and the reverse indicating off-
shore conditions (Brown and Downie, this volume). On
this basis the variation in dinoflagellate cyst content
may be used as a local measure of relative sea level. It
therefore appears that the Greenland-derived assem-
blages are associated with the most regressive phases,
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and that Rockall-derived assemblages appear with the
transgressions. This implies that during transgressive pe-
riods there lay a shallow ephemeral seaway between Site
555 and the Greenland massif which cut off the Green-
land-derived sediment (much as with the major trans-
gression which took place in late NP10). During regres-
sive phases the sea retreated, allowing rivers to transport
the Greenland material across to Site 555. It also seems
that either Site 553 lay to the west of this seaway, or that
it terminated to the north of the site, because Greenland
detritus dominates the entire sequence here, even where
the dinoflagellate/pollen ratio rises. Insufficient geo-
graphical coverage of the area exists to distinguish be-
tween these two alternatives.

CONCLUSIONS
Five heavy mineral suites occur in the lower Paleogene

sediments in the SW Rockall area. Association 1 is dom-
inated by augite of basaltic type, with iddingsite and mi-
nor olivine. It was largely derived through erosion of
basalts on the northern part of the Rockall Plateau, but
a minor contribution was also made through pyroclastic
volcanism.

Association 2 is characterized by epidote group min-
erals, including the distinctive species piedmontite, and
amphiboles of magnesio-hornblende, actinolitic horn-
blende, and tremolite-actinolite type. The distribution
of the association, its similarity to shore sands of south-
ern Greenland, and its northwesterly derivation indicated
by magnetic fabric studies all point to a source in south-
ern Greenland.

Association 3 contains apatite, augite (diallage variety),
garnet, and amphibole of edenitic and pargasitic com-
positions, and is similar in most respects to basement
rocks drilled and dredged on the Rockall Bank. Such a
derivation is consistent with its distribution, being virtu-
ally wholly confined to the Rockall Plateau Site 555.

Association 4 is identical to Association 3 in mineral-
ogy and mineral composition, except that augite pro-
portions are much diminished. This coincides with an
increase in etching intensity on augite grains and occurs
with increasing burial depth. Association 4 is therefore
considered to be a diagenetically modified Association 3,
with augite dissolution having taken place through bur-
ial depth-related processes.

Association 5 represents a more extreme development
of the same process, with the dissolution of amphiboles
producing an apatite-garnet suite. The disappearance of
amphibole has taken place at a greater depth than that
of augite, testifying to its greater resistance to intrastrat-
al solution. Associations 4 and 5 therefore also repre-
sent derivation from Rockall Bank metamorphics.

During the NP9 and NP10 times, sedimentation was
dominated by the Greenland source, with Rockall-de-
rived sediment restricted to Site 555, and even here brief
influxes of Greenland detritus occur. Towards the end of
NP10 times a major change in paleogeography took place,
caused by the separation of Rockall and Greenland. This
cut off sediment supply from the Greenland source and
initiated the rapid subsidence of the continental mar-
gins.

In the phase immediately following the initiation of
spreading, only Site 555 received significant amounts of
fresh terrigenous sediment, with heavy minerals at the
other sites being scarce and possible reworked. However
in NP11 times sediments of basaltic origin, derived from
the northern Rockall Plateau, reached the basin.
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