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ABSTRACT 

The composition of 31 samples of Lower Cretaceous (Valanginian to Aptian) sandstone from ODP Sites 638 
through 641 was analyzed using the Gazzi-Dickinson point-counting method. The results show that the source of the 
Valanginian to Hauterivian sand was a continental block, dominated by granitic and/or high-grade-metamorphic rocks. 
Although these petrologic results do not allow discrimination between various potential continental block provinces, 
they suggest, in conjunction with seismic profiles and regional considerations, that the source was the Galicia margin or 
western Iberia. In contrast, the Barremian and Aptian sand is dominated by carbonate grains that were derived from a 
carbonate platform, probably on Galicia Bank. 

INTRODUCTION 

Ocean Drilling Program (ODP) Leg 103 documented a change 
from carbonate- to siliciclastic-dominated sedimentation on the 
outer Galicia margin. The change occurred during the Valangin­
ian (Boillot et al., 1985; Boillot, Winterer, et al., 1987), and as 
sand-sized material is common throughout the Valanginian to 
lower Aptian section, its composition was studied in order to 
identify potential source areas for the clastic influx and to aid in 
reconstructing the tectonic history of the outer Galicia margin. 

METHODS OF INVESTIGATION 
Forty-four samples, each of roughly 10 cm3 volume, were selected 

from the lower Aptian to Tithonian sections of Holes 638B, 638C, 
639A, 639D, 640A, and 641C. The average grain size of these samples is 
greater than 0.0625 mm (very fine sand; Wentworth, 1922). Samples are 
typically moderately well sorted with subangular to angular grains that 
range in size from fine to very coarse. The samples were impregnated 
before being reduced to thin sections, which were stained for potassium 
feldspar and plagioclase using the method of Norman (1974). 

The sections were point counted using the Gazzi-Dickinson method 
(Gazzi, 1966; Gazzi et al., 1973; Dickinson, 1970; Dickinson and Su­
czek, 1979), a method that is employed to determine source-rock lithol­
ogies. It does so by lessening the compositional effects of grain size 
(i.e., related to depositional environment and climate; Suttner, 1974; 
Suttner et al., 1981) on the point-count data. Criteria for the identifica­
tion of the counted parameters in Table 1 are described in Dickinson 
(1970), Dickinson and Suczek (1979), Ingersoll and Suczek (1979), Ing­
ersoll (1983), and Ingersoll et al. (1984). Operationally, only grains 
larger than 0.0625 mm were counted. To be counted as a lithic frag­
ment, the cross hairs of the eyepiece had to overlie a mineral smaller 
than 0.0625 mm within a grain larger than 0.0625 mm. If the cross hairs 
fell on a mineral larger than 0.0625 mm, it was counted as that mineral 
rather than as a lithic fragment. 

An additional and somewhat unorthodox parameter also was used, 
that of framework-replacement carbonate. Replacement and cementa­
tion by carbonate is pervasive in these samples, and in many cases, 
grains are either entirely replaced or altered beyond recognition. Where 
carbonate replaced a grain that was still identifiable, it was counted as 
the original framework grain. Where the replacement was so extensive 
that the original grain could not be identified, it was counted as replace­
ment carbonate. In some cases, it was unclear whether or not the car-
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bonate beneath the cross hairs was within the original grain boundary; 
judgement was used in these cases. Use of the Gazzi-Dickinson method 
requires strict adherence to a set of rules governing grain definition. Be­
cause of the ambiguity in defining grain boundaries where there is ex­
tensive replacement, samples with more than 10% carbonate replace­
ment typically are not studied using this technique (R. V. Ingersoll, 
pers, comm., 1986). In order to study enough samples to establish 
trends, however, the upper limit of acceptability was extended to 23% in 
this study, although it is acknowledged that this reduces the accuracy of 
the point count. Even with this generous limit of acceptability, only 31 
of the original 44 samples could be used. 

DESCRIPTION OF THE SANDSTONE 
CONSTITUENTS 

The sandstones can be divided into two groups (Tables 1 and 
2): those with dominantly carbonate grains (samples from Hole 
641C) and those with dominantly siliciclastic grains (samples 
from Holes 63 8B, 63 8C, 63 9D, and 640A). Detailed description 
of the first group is the subject of the carbonate petrology pa­
pers in this volume, and details of the second group only are 
presented here. 

Quartz and Feldspar 
Quartz is the most abundant framework constituent, averag­

ing 52% of the total quartz, feldspar, and lithic fragments com­
position (Table 2). It is dominantly monocrystalline, and the 
few grains that are polycrystalline typically have a nontectonite 
fabric. Most grains have undulatory extinction, many are rutila-
ted, and some have Bourne lamellae. These features suggest that 
the predominant source of the quartz was a plutonic and/or 
high-grade-metamorphic terrane (Young, 1976). A few quartz 
grains are well rounded and have silica overgrowths, suggesting 
an additional input from a sedimentary source. 

Feldspar abundance averages 36% of the total quartz, feld­
spar, and lithic fragments composition (Table 2), and plagio­
clase is less common than potassium feldspar (P/F = 0.42; Ta­
ble 2). Plagioclase is typically untwinned, partially albitized, 
and finer grained than the potassium feldspar. Plagioclase ap­
pears to be preferentially replaced by carbonate (see section on 
replacement). 

Lithic Fragments 
The abundance of lithic fragments averages 12% of the total 

quartz, feldspar, and lithic fragments composition, and most 
are sedimentary and metasedimentary (Tables 1 and 2). Tradi­
tionally, sedimentary and metasedimentary lithic fragments have 
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Table 1. Counted parameters of Leg 103 samples, normalized to 100%, excluding replacement carbonate. 

Age 

late 
Aptian 
early 

Aptian 
early Aptian/ 
late Barremian 

Hauterivian 

late 
Valanginian/ 

early 
Hauterivian 

Valanginian 

Tithonian 

Sample 

641C-7R-1, 140-143 cm 

11R-3, 126-128 cm 
11R-3, 135-138 cm 
14R-1, 51-53 cm 
15R-2, 134-137 cm 

640A-7R-2, 6-8 cm 
9R-1, 13-16 cm 

638B-36R-2, 149-151 cm 
36R, CC (2-4 cm) 
37R-1, 0-2 cm 
38R-1, 65-68 cm 
40R-1, 26-28 cm 
41R-1, 65-67 cm 
42R-1, 65-67 cm 
44R-1, 9-12 cm 
44R-1, 105-107 cm 
45R-3, 93-95 cm 
45R, CC (1-4 cm) 

638C-1R-1, 69-72 cm 
3R-1, 45-48 cm 
4R-1, 140-143 cm 
5R-1, 37-40 cm 
6R-3, 1-2 cm 
7R-3, 38-40 cm 
8R-1, 131-133 cm 
8R-2, 18-20 cm 
9R-3, 13-15 cm 
10R-1, 9-12 cm 
14R-1, 147-150 cm 
14R-2, 90-92 cm 

639D-8R-2, 23-25 cm 

Quartz 
Polycrystalline 

Tectonite 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.1 
0.4 
0.0 
0.0 
0.0 
0.0 

0.0 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Non-
tectonite 

0.4 

0.0 
0.4 

0.0 
0.0 
0.4 
2.1 
2.4 
1.2 
1.3 
0.8 
2.1 
2.5 
0.8 
1.1 
2.0 
1.9 
2.0 
2.0 
1.6 
3.4 
2.4 
1.3 
2.3 
3.2 
2.6 
0.9 
1.7 
1.2 
2.5 
2.4 

Mono­
crystalline 

0.7 

0.4 
2.7 
2.5 
2.5 

43.6 
43.5 
46.2 
42.0 
41.2 
43.5 
45.6 
42.3 
49.8 
45.7 
52.5 
47.5 
47.4 
58.7 
45.8 

49.6 
52.0 
47.9 
40.2 
48.4 
41.0 
54.4 
57.2 
41.8 
52.9 

46.8 

Feldspar 

Plagioclase 

0.4 

1.6 
2.7 
2.1 
3.2 

15.2 
20.5 
14.1 
16.4 
17.6 
16.9 
15.9 
13.0 
14.5 
13.2 
12.3 
17.6 
20.3 
7.9 

14.2 

13.3 
12.2 
19.5 
13.8 
10.1 
12.9 
11.8 
14.8 
8.8 
9.9 

18.0 

Potassium 
feldspar 

0.0 

0.8 
3.0 
2.5 
2.1 

32.1 
12.1 
18.5 
19.2 
21.0 
21.1 
18.4 
26.4 
18.9 
24.3 
17.6 
19.5 
17.1 
15.1 
22.1 

17.8 
18.7 
19.9 
22.2 
16.8 
16.4 
11.8 
11.5 
27.5 
21.5 
15.6 

Vitric 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Volcanic 

Felsitic 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.4 
0.0 
0.0 
0.7 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 

Micro­
litic 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.4 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Lithic fragments 

Lath-
work 

0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
2.1 

0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.4 
0.0 
0.0 
0.0 
0.0 
0.4 
0.0 
0.0 
0.4 
0.0 
0.0 

Meta-
volcanic 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.4 
0.0 
0.0 
0.0 
0.0 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.4 
0.0 
0.4 
0.4 
0.4 
0.0 
0.0 
0.0 

Meta­
sedimentary 

0.4 

0.0 
2.7 
0.8 
0.4 
2.5 
0.0 
7.2 
9.5 
8.4 
5.5 
6.7 
9.6 
8.4 
8.2 

10.7 
6.4 
5.6 

10.3 
9.9 
8.7 
9.8 
6.4 

10.0 
11.1 
12.9 
13.5 
9.3 

11.5 
8.7 

2.0 

Sedimentary 

Silici­
clastic 

0.4 

0.0 
0.4 
0.0 
0.0 
0.4 
1.7 

0.0 
0.0 
0.8 
1.3 
1.7 
0.0 
0.8 
1.1 
0.4 
0.7 
1.2 
0.8 
1.6 

1.9 
0.4 
0.8 
1.2 
1.4 
1.7 
2.5 
1.3 
0.8 
0.4 
1.2 

Carbonate 

78.9 

87.5 
78.7 

72.0 
72.5 

1.7 
13.8 
2.4 
2.8 
3.8 
0.9 
0.4 
0.0 
0.0 
1.1 
0.8 
0.0 
0.0 
0.8 
1.2 

1.5 
0.0 
0.0 
1.5 
0.4 
6.5 
0.4 
0.4 
0.8 
1.6 

12.8 

Phyllo­
silicate 

0.4 

0.0 
1.9 
0.8 
0.0 
3.3 
0.85 
7.6 
6.9 
5.5 
8.0 
8.8 
5.0 
6.0 
3.2 
3.3 
4.9 
6.0 
2.8 
3.2 

3.4 
3.7 
3.8 
8.4 
3.2 
3.9 
3.0 
2.6 
6.4 
2.1 
1.2 

Dense 
mineral 

0.0 

0.0 
0.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.4 
0.4 
0.4 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.4 
0.0 
0.0 
0.0 
0.4 
0.4 
0.8 
0.0 
0.0 

Other 

Shell 
fragment 

18.6 

9.3 
6.8 

19.3 
19.3 
0.0 
2.1 
0.0 
1.2 
0.0 
0.8 
0.0 
0.0 
0.0 
0.7 
0.0 
0.4 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
2.2 
0.0 
0.0 
0.0 
0.0 
0.4 
0.0 

Organic 

0.0 

0.4 
0.0 
0.0 
0.0 
0.8 
0.0 
1.2 
0.4 
0.4 
0.8 
0.0 
0.8 
0.0 
0.4 
0.0 
1.1 
0.4 
1.6 
0.4 

0.0 
0.0 
0.0 
0.0 
2.5 
0.9 
0.9 
0.4 
0.0 
0.0 
0.0 

Framework 
replacement 
carbonate 

6.6 

17.6 
12.3 
20.3 
6.6 

19.0 
20.3 
17.0 
18.3 
20.7 
21.0 
20.3 
20.3 
17.0 
6.6 

18.6 
11.0 
16.3 
16.0 
15.6 

12.0 
18.0 
21.3 
13.0 
7.0 

22.6 
21.0 
21.3 
16.3 
19.3 
16.6 



COMPOSITION OF LOWER CRETACEOUS SANDSTONE 

Table 2. Calculated parameters. 

Age 

late 
Aptian 
early 

Aptian 

early Aptian/ 
late Barremian 

Hauterivian 

late 
Valanginian/ 

early 
Hauterivian 

Valanginian 

Tithonian 

Sample 

641C-7R-1, 140-143 cm 

11R-3, 126-128 cm 
11R-3, 135-138 cm 

14R-1, 51-53 cm 
15R-2, 134-137 cm 

640A-7R-2, 6-8 cm 
9R-1, 13-16 cm 

638B-36R-2, 149-151 cm 
36R, CC (2-4 cm) 
37R-1, 0-2 cm 
38R-1, 65-68 cm 
40R-1, 26-28 cm 
41R-1, 65-67 cm 
42R-1, 65-67 cm 
44R-1, 9-12 cm 
44R-1, 105-107 cm 
45R-3, 93-95 cm 
45R, CC (1-4 cm) 

638C-1R-1, 69-72 cm 
3R-1, 45-48 cm 

4R-1, 140-143 cm 
5R-1, 37-40 cm 
6R-3, 1-2 cm 
7R-3, 38-40 cm 
8R-1, 131-133 cm 
8R-2, 18-20 cm 
9R-3, 13-15 cm 
10R-1, 9-12 cm 
14R-1, 147-150 cm 
14R-2, 90-92 cm 

639D-8R-2, 23-25 cm 

Mean 

Range 

Quartz 

1.5 

0.5 
3.5 

3 
3 

46 
47 

53 
47 
45 
49 
52 
48 
54 
50 
57 
53 
53 
64 
49 

55 
57 
51 
47 
56 
48 
58 
61 
46 
57 

50 

52 

45 
64 

Feldspar 

9.5 

2.5 
6.5 

6 
7 

49 
34 

36 
39 
41 
42 
38 
42 
36 
39 
31 
40 
40 
24 
38 

32 
32 
41 
39 
29 
29 
25 
27 
39 
32 

34 

36 

24 
49 

Lithe 
fragments 

98 

97 
90 

91 
90 

5 
19 

11 
14 
14 
9 

10 
10 
10 
11 
12 
7 
7 

12 
13 

13 
11 
8 

14 
15 
23 
17 
12 
15 
11 

16 

12 

5 
23 

Volcanic 
lithic 

fragments 

0 

0 
0 

0 
0 

0 
18 

4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
4 
0 
0 
5 
4 
0 
0 
3 
0 

0 

1 

0 
5 

Microlitic 
volcanic 

lithic 
fragments 

1 

0 
3 

1 
1 

55 
0 

72 
77 
65 
72 
76 

100 
92 
79 
90 
89 
82 
87 
78 

70 
92 
88 
79 
82 
60 
83 
85 
85 
81 

13 

78 

13 
100 

Sedimentary 
lithic 

fragments 

99 

100 
97 

99 
99 

45 
82 

24 
23 
35 
28 
24 
0 
9 

21 
10 
11 
18 
13 
22 

27 
4 

12 
21 
13 
36 
17 
15 
12 
19 

87 

21 

0 
87 

Qp/Q a 

0.009 
0.046 

0.050 
0.028 
0.030 
0.019 
0.044 
0.056 
0.016 
0.045 
0.045 
0.038 
0.040 
0.033 
0.033 

0.064 
0.052 
0.026 
0.054 
0.063 
0.054 
0.015 
0.029 
0.028 
0.045 

0.049 

0.039 

0.009 
0.064 

P / F b 

1.00 

0.67 
0.47 

0.45 
0.60 

0.32 
0.63 

0.43 
0.46 
0.46 
0.44 
0.46 
0.33 
0.43 
0.35 
0.41 
0.47 
0.54 
0.34 
0.39 

0.43 
0.39 
0.49 
0.38 
0.37 
0.44 
0.50 
0.56 
0.24 
0.32 

0.54 

0.42 

0.32 
0.56 

Lsc/Lc 

0.99 

1.00 
0.96 

0.99 
0.99 

0.36 
0.73 

0.24 
0.23 
0.29 
0.11 
0.05 
0.00 
0.00 
0.10 
0.07 
0.00 
0.00 
0.07 
0.09 

0.12 
0.00 
0.00 
0.12 
0.03 
0.29 
0.03 
0.04 
0.06 
0.15 

0.80 

0.12 

0.00 
0.29 

Lm/Lms 

0.004 

0.00 
0.03 

0.01 
0.005 

0.55 
0.00 

0.75 
0.77 
0.65 
0.72 
0.76 
1.00 
0.92 
0.79 
0.90 
0.89 
0.82 
0.87 
0.78 

0.72 
0.96 
0.88 
0.79 
0.86 
0.62 
0.83 
0.85 
0.85 
0.81 

0.13 

0.79 

0.62 
1.00 

a Ratio of nontectonite polycrystalline quartz to total quartz. 
Ratio of plagioclase to total feldspar (plagioclase and potassium feldspar). 

c Ratio of carbonate lithic fragments to total lithic fragments (volcanic, metamorphic, and sedimentary). 
Ratio of total metavolcanic and metasedimentary lithic fragments to total metamorphic and sedimentary lithic fragments. 

been distinguished as separate categories. However, Ingersoll et 
al. (1984) suggested that they be combined because their distinc­
tion is highly subjective in some cases. Both approaches have 
been used here. The combined category of sedimentary and meta­
sedimentary lithic fragments averages 99% of all lithic fragments, 
and of these, on average, 79% are metamorphic (Table 2 and 
Fig. 1). 

The sedimentary lithics are a mixture of siliciclastic mud­
stone and very fine-grained sandstone and carbonate rock frag­
ments. A few grains of siltstone are strongly cemented with oxi­
dized iron, suggesting a red-bed source. Most of the metasedi­
mentary grains are greenschist facies, with chlorite as the most 
abundant mafic mineral. Figures 2-4 are photomicrographs show­
ing typical sedimentary and metasedimentary lithic fragments. 
Figure 5 is a photomicrograph of a typical volcanic lithic frag­
ment. 

Minor Constituents 
Mica is present in all samples, comprising from 0.85% to 

8.8% of all framework grains (Table 1). The most common mi­
cas are chlorite and chloritized biotite; muscovite is rare. Woody 
fragments and plant debris (up to 2.5% of all framework grains) 
are common, especially in the fine-grained samples. Calcareous 
shell fragments are also present in some samples, as well as trace 
amounts of glauconite. 

Carbonate Replacement 
Most of the sandstone samples are strongly cemented and re­

placed with ferroan calcite (shipboard determination using the 
staining method of Dickson, 1965). Shipboard carbonate-bomb 
analysis shows that carbonate abundance in the sandstone sam­
ples ranges from 5% to 35% of the whole rock and averages 
22.5% (Boillot, Winterer, et al., 1987). The carbonate has a 
sparry to microsparry texture, and locally, the spar crystals are 
of the same size as the framework grains and poikolitically en­
close them. 

The extent of carbonate replacement varies from slight to 
complete. In some cases, replacement has affected only the sur­
face of the grains or individual twin lamellae (Figs. 6 and 7). In 
other cases, the entire grain has been replaced. The latter results 
in diagenetically produced voids in the grain framework (Fig. 8). 
It appears that plagioclase has been the most extensively re­
placed mineral, but quartz and potassium feldspar also have 
been affected. It is thus likely that the original P / F ratio was 
somewhat higher than the presently measured average value. 

SOURCE OF VALANGINIAN A N D HAUTERIVIAN 
SAND 

The average quartz-feldspar-lithic fragments composition of 
the Valanginian and Hauterivian sandstone is 52%-36%-12%, 
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I I I 1 1 
Volcanic 0.5 Sedimentary 

Figure 1. Ternary plot of volcanic, metamorphic, and sedimentary lithic 
fragments for Hauterivian and older samples. See Tables 1 and 2 for raw 
data. 

Figure 2. Photomicrograph of a lithic fragment of very fine-grained 
sandstone, crossed nicols. Sample 103-640A-9R-1, 13-16 cm; field of 
view 1.06 mm across. 

respectively (Table 2 and Fig. 9), a composition that lies just on 
the edge of the compositional field that suggests a continental 
block source of moderate maturity and stability (Dickinson and 
Suczek, 1979; Dickinson and Valloni, 1980). Likewise, the abun­
dance and variety of quartz suggests a granitic and/or high-grade-
metamorphic source (Young, 1976); such a source is consistent 
with a continental block province. The presence of sedimentary 
and metasedimentary lithic fragments is not inconsistent with a 
continental block source terrane. 

Potential continental block sources for the Valanginian and 
Hauterivian sand are numerous and widespread. Pre-drift recon­
structions of the North Atlantic generally place Galicia Bank 
against the Grand Banks of Newfoundland near the Flemish 
Cap (Pitman and Talwani, 1972; Le Pichon et al., 1977; Kris-
tofferson, 1978; Sibuet and Ryan, 1979; Masson and Miles, 

Figure 3. Photomicrograph of a carbonate lithic fragment, plane light. 
Sample 103-640A-9R-1, 13-16 cm; field of view 1.06 mm across. P = 
plagioclase; M = mica; Q = quartz. 

Figure 4. Photomicrograph of a greenschist-facies metasedimentary 
lithic fragment, plane light. Sample 103-640A-9R-1, 13-16 cm; field of 
view 1.06 mm across. Q = quartz. 

1984; Olivet et al., 1984; Srivastava and Tapscott, in press). Re­
sults of ODP Leg 103 show that the rift stage of plate separa­
tion between Iberia and the Grand Banks began in the Valangin­
ian (Boillot et al., 1985); the results do not preclude earlier 
aborted rift stages. The interpretation of magnetic anomaly pat­
terns in the North Atlantic suggests that the drift phase of sepa­
ration began somewhat later, in the late Hauterivian (Srivastava 
and Tapscott, in press). Thus, the oldest Valanginian sandstones 
sampled were deposited early in the rifting phase and may have 
been derived either from the east, the Galicia margin and west­
ern Iberia, or from the west, the Grand Banks (Sibuet and 
Ryan, 1979). The possibility of mass transport parallel to the 
axis of spreading enlarges the potential source area both north­
ward and southward. 

Both western Iberia and the Grand Banks are continental 
block provinces that may contain the required source litholo­
gies. Dredge hauls on Galicia margin have recovered granitic 
rocks (biotite and biotite-hornblende tonalites, peraluminous and 
calcalkaline granites, and cataclastically deformed biotite-bear-
ing granodiorites), metasedimentary rocks (greenschist and low-
pressure-amphibolite facies phyllite and schist), metarhyolite, 
granulite, and Permo-Carboniferous sandstone (Mougenot et 
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Figure 5. Photomicrograph of a volcanic lithic fragment, crossed nicols. 
Sample 103-640A-9R-1, 13-16 cm; field of view 1.06 mm across. 

Figure 7. Photomicrograph of ferroan calcite partially replacing a feld­
spar grain, crossed nicols. Sample 103-640A-9R-1, 13-16 cm; field of 
view 0.53 mm across. P = plagioclase; C = calcite. 

Figure 6. Photomicrograph of the etched and indented boundary of a 
quartz grain, crossed nicols. Sample 103-638C-8R-2, 18-20 cm; field of 
view 0.53 mm across. C = calcite; Q = quartz. 

al., 1985; Capdevila and Mougenot, this volume). Capdevila 
and Mougenot (this volume) have shown that except for the 
granulites, which are Proterozoic, all the rock types dredged on 
the Galicia margin have equivalents in the Hercynian complex, 
which is widely exposed, along with older basement rocks, on­
shore in western Iberia (Servicos Geologicos de Portugal, 1952). 

Drilling and dredging on the Grand Banks and Scotian Shelf 
also show that basement consists of Paleozoic and older granitic 
and metasedimentary rocks and Paleozoic sedimentary rock 
(Jansa and Wade, 1974; Given, 1977; King et al., 1985). Similar 
rocks crop out on Newfoundland and Nova Scotia (Geological 
Survey of Canada, 1968). 

Based on the petrologic results of this study, each of these 
continental block provinces is a valid potential source area for 
the Valanginian and Hauterivian sand of the Galicia margin. 
More detailed chemical and petrologic work on these samples, 
on contemporaneous circum-North Atlantic samples, and on 
the potential source rocks themselves may help to limit the num­
ber of potential source areas. 

Other, nonpetrologic methods help to identify the location 
of the source area. An east-west seismic profile suggests that the 

Figure 8. Photomicrograph of a feldspar grain nearly entirely replaced 
by ferroan calcite, leaving a void in the grain framework, crossed nicols. 
Sample 103-638B-37R-1, 0-2 cm; field of view 0.53 mm across. C = 
calcite; P = plagioclase; Q = quartz. 

Valanginian-Hauterivian package thickens into a half-graben 
eastward from Site 638 (Boillot et al., 1985; Boillot, Winterer, et 
al., 1987). This implies that the development of the half-graben 
was at least partially contemporaneous with deposition of the 
Valanginian-Hauterivian clastic sequence and that the uplifted 
edge of the half-graben was a barrier to direct sediment influx 
from the west. A western source is not entirely excluded, how­
ever, because transport could have been through a break in or 
around a termination of the uplifted margin. Interpretation of a 
number of seismic profiles across Galicia Bank suggests that it 
may have been exposed during the Early Cretaceous, making it 
the most likely source for the sand (Boillot et al., 1979; Monta­
dert et al., 1979; Winterer et al., 1986). 

LITHOLOGIC VARIATION 
The two most striking lithologic variations in the samples 

studied are (1) an abrupt influx of siliciclastic sand in the Valan­
ginian and (2) an influx of carbonate sand that is first mani­
fested in the Hauterivian (Samples 103-640A-7R-2, 6-8 cm, and 
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Figure 9. Ternary plot of total quartz, total feldspar, and total lithic 
fragments. See Tables 1 and 2 for raw data. Provenance fields from 
Dickinson and Suczek (1979). 

103-640A-9R-1, 13-15 cm); the carbonate sand dominates the 
composition of the Barremian and Aptian samples (Tables 1 
and 2; Boillot et al., 1985; Boillot, Winterer, et al., 1987). 

Influx of Siliciclastic Sand 
Results of ODP Leg 103 show that on the outer Galicia mar­

gin, an Upper Jurassic dolomite is overlain by a Valanginian cal-
pionellid marlstone. This is in turn overlain by a Valanginian 
and Hauterivian siliciclastic sequence containing turbidite sand­
stone (Boillot, 1985; Boillot, Winterer, et al., 1987). This influx 
of siliciclastic detritus is part of a regional, circum-North At­
lantic transition from carbonate- to siliciclastic-dominated sedi­
mentation that occurred during the Late Jurassic and Early Cre­
taceous and is commonly termed Purbeckian-Wealdan (Allen, 
1965; Casey, 1971). Within this broad, diachronous change in 
composition, the Valanginian is commonly marked by an influx 
of sand (Vail et al., 1977; Vail and Todd, 1981). A complete de­
scription of the regional change in composition and the influx 
of coarse elastics in the Valanginian is beyond the scope of this 
paper; however, a few examples from areas presently and palin-
spastically near the Galicia margin are described in the follow­
ing. 

In the Lusitanian Basin in western Portugal, the change from 
carbonate to siliciclastic sedimentation occurs in the Upper Ju­
rassic (lower Kimmeridgian) (Rey, 1972). At Ericeira, the base 
of the Valanginian is an erosional unconformity where approxi­
mately 50 m of fluvial sandstone and pebbly conglomerate over­
lies fine-grained coastal plain deposits (Rey, 1972). In the San-
tander area of northern Spain, the Wealdan sequence is roughly 
2000 m thick and consists of two unconformity-bounded mega-
sequences (Pujalte, 1981). The base of the lower megasequence 
is a 75-m-thick conglomerate, the Saja Formation, barren of 
fossils but thought to be latest Jurassic (Malm) in age. It uncon­
formably overlies Middle Jurassic (Dogger) carbonates. The lower 
part of the upper megasequence is Valanginian sandstone and 
conglomerate, the Barcena Mayor Formation (Pujalte, 1985). 
At Deep Sea Drilling Project (DSDP) Sites 370 and 416 in the 
deep Moroccan basin, the Tithonian and Berriasian section is 

finer grained and more calcareous than the Valanginian and 
Hauterivian (Lancelot et al., 1978, 1980). 

On the other side of the Atlantic, on the Scotian Shelf and 
Grand Banks, the transition from carbonate (Scaterie Member 
and Whale unit of the Verrill Canyon Formation) to siliciclastic 
sedimentation (MicMac Formation, dominantly mudstone with 
only local occurrences of sandstone) occurs in the Middle Juras­
sic (Bathonian) (Jansa and Wade, 1974, 1975). A major influx 
of sand occurs at the base of the Missisauga Formation, which 
is Early Cretaceous (Berriasian?) in age. Farther south, on 
Georges Bank, in the shoreward COST well, G-l, the transition 
occurs in the Middle Jurassic (Bajocian). In the more basinward 
COST well, G-2, the transition is more gradual and occurs 
higher, in the Upper Jurassic (Oxfordian). In each well there is 
an influx of sand in the Valanginian (Poag, 1982). 

These are just a few of the many examples that can be cited 
showing the change from carbonate- to siliciclastic-dominated 
sedimentation throughout the North Atlantic. In the cited ex­
amples, the change was diachronous, ranging from Middle Ju­
rassic (Bajocian) to Early Cretaceous (Hauterivian). The overall 
compositional change probably was controlled by the opening 
of the North Atlantic and associated changes in atmospheric 
and oceanic circulation. Abrupt influxes of sand, such as the 
one in the Valanginian, commonly overlie sequence boundaries 
that formed during tectonically enhanced eustatic sea-level falls 
(Vail et al., 1977; Vail and Todd, 1981). 

Influx of Carbonate Sand 
The second major lithologic variation is the influx of car­

bonate sand that began in the Hauterivian. The abundance of 
lithic fragments in the total quartz-feldspar-lithic fragments com­
position rises from an average of 12% in the Valanginian to 
more than 90% in the Barremian and Aptian (Table 2). The car­
bonate percentage of lithic fragments increases from an average 
of 12% in the Valanginian to more than 96% in the Barremian 
and Aptian (Tables 1 and 2). 

The change from siliciclastic- to carbonate-dominated shelves 
was widespread in the eastern North Atlantic during the late 
Early Cretaceous. For example, in the Santander basin of north­
ern Spain, carbonate deposition was reestablished during the 
Aptian with the formation of the "Urgonian Complex" (Pu­
jalte, 1981, 1985; Pascal, 1983). On the Goban Spur, DSDP Site 
549 recovered lower Barremian to Albian calcareous siltstone 
and Cenomanian and younger chalk overlying lower Barremian 
to upper Hauterivian noncalcareous sandy mudstone (de Gra­
ciansky et al., 1985). 

In sharp contrast to the eastern North Atlantic, carbonate 
sedimentation was not reestablished on the Grand Banks or 
Scotian Shelf until latest Cretaceous time (Jansa and Wade, 
1974; Gradstein et al., 1975; Given, 1977). On Georges Bank 
and Cape Hatteras, there was no Cretaceous carbonate deposi­
tion, except for a few thin Upper Cretaceous limestones (Poag, 
1982; van Hinte et al., 1985). The absence of Hauterivian to 
Aptian carbonate sedimentation along the western margin of 
the North Atlantic between Cape Hatteras and the Flemish Cap 
shows, not surprisingly, that these areas could not have been the 
source of the Hauterivian to Aptian sands recovered on ODP 
Leg 103. 

The depositional history of the Lusitanian Basin onshore in 
Portugal does not match well with that interpreted from the sec­
tion recovered on Leg 103, making it an unlikely source for the 
carbonate sand found on the outer Galicia margin. The Lusita­
nian Basin had widespread carbonate deposition in the Hauter­
ivian, mixed carbonate and siliciclastic in the Barremian and 
dominantly nonmarine siliciclastic in the Aptian; widespread 
carbonate sedimentation was not reestablished until the Albian 
(Rey, 1972). Paleotransport directions measured in the Aptian 
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section suggest some input from a western source (Rey, 1972), 
implying that Galicia Bank was high at the t ime. Galicia Bank 
could have been a carbonate platform during the Hauterivian to 
Aptian, shedding detritus bo th eastward into the Lusitanian Ba­
sin and westward into the area drilled during Leg 103. 

S U M M A R Y 

The composition of Valanginian and Hauterivian sandstone 
recovered on O D P Leg 103 indicates derivation from a conti­
nental block province. Indirect evidence suggests that the Gali­
cia margin a n d / o r western Iberia were the most likely source of 
the sand. The change from carbonate- to siliciclastic-dominated 
sedimentation in the Valanginian on the outer Galicia margin 
was par t of a regional circum-North Atlantic transition that oc­
curred during the Late Jurassic and Early Cretaceous. 

Carbonate grains dominate the composit ion of the Barre­
mian and Aptian sand. These were probably derived from a car­
bonate platform on Galicia Bank. 

ACKNOWLEDGMENTS 
I am grateful to USSAC for their financial support of this research 

and to E. L. Winterer for first suggesting the study. I am indebted to R. 
V. Ingersoll for his counsel on the methods used to analyze the samples. 
R. Hiscott provided useful information on the onshore geology of west­
ern Iberia. I thank A. W. Meyer, G. Boillot, and two anonymous review­
ers for their comments that greatly helped to improve the manuscript. 

REFERENCES 
Allen, P., 1965. L'age du Purbecko-Wealdien d'Angleterre. Mem. BRGM, 

34:321-326. 
Boillot, G., Auxietre, J.-L., Dunand, J.-P., Dupeuble, P.-A., and Mauf­

fret, A., 1979. The northwestern Iberian Margin: a Cretaceous pas­
sive margin deformed during Eocene. In Talwani, M., Hay, W., and 
Ryan, W.B.F. (Eds.), Deep Drilling Results in the Atlantic Ocean: 
Continental Margins and Paleoenvironment: Am. Geophys. Union, 
Maurice Ewing Sen, 3:138-153. 

Boillot, G., Winterer, E. L., Applegate, J., Baltuck, M., Bergen, J. A., 
Comas, M., Davies, T. A., Evans, C. A., Girardeau, J., Goldberg, 
D., Haggerty, J. A., Jansa, L. F , Johnson, J. A., Kasahara, J., Lo­
reau, J.-P, Luna, E., Meyer, A. W, Moullade, M., Ogg, J., Sarti, 
M., Thurow, J., and Williamson, M. W , 1985. Evolution of a pas­
sive margin. Nature, 317:115-116. 

Boillot, G., Winterer, E. L., et al., 1987. Proc. ODP, Init. Repts., 103: 
College Station, TX (Ocean Drilling Program). 

Casey, R., 1971. Facies, faunas and tectonics in Late Jurassic-Early 
Cretaceous Britain. Geol. J. Spec. Issue, 4:153-168. 

de Graciansky, P. C , Poag, C. W, Cunningham, R., Jr., Loubere, P., 
Masson, D. G., Mazzullo, J. M., Montadert, L., Muller, C , Ot-
suka, K., Reynolds, L. A., Sigal, J., Snyder, S. W., Townsend, H. 
A., Vaos, S. P., and Waples, D., 1985. The Goban Spur transect: ge­
ologic evolution of a sediment-starved passive continental margin. 
Geol. Soc. Am. Bull., 96:58-76. 

Dickinson, W. R., 1970. Interpreting detrital modes of graywacke and 
arkose. J. Sediment. Petrol., 40:695-707. 

Dickinson, W. R., and Suczek, C. A., 1979. Plate tectonics and sand­
stone composition. AAPG Bull., 63:2164-2182. 

Dickinson, W. R .̂, and Valloni, R., 1980. Plate settings and provenance 
of sands in modern ocean basins. Geology, 8:82-86. 

Dickson, J.A.D., 1965. A modified staining technique for carbonates in 
thin section. Nature, 205:587. 

Gazzi, P., 1966. Le arenarie del flysch sopracretaceo dell'Appennino 
modenese; correlazioni con il flysch di Monghidoro. Mineral. Pe-
trogr. Acta, 12:69-97. 

Gazzi, P., Zuffa, G. G., Gandolfi, G., and Paganelli, L., 1973. Prove-
nienza e dispersione litoranea delle sabbie delle spiagge adriatiche 
fra le foci dell'Isonzo e del Foglia; inquadramento regionale. Mem. 
Soc. Geol. Itai., 12:1-37. 

Geological Survey of Canada, 1968. Geological map of Canada. 1: 
5,000,000. 

Given, M. M., 1977. Mesozoic and Early Cenozoic geology of offshore 
Nova Scotia. Bull. Can. Pet. Geol., 25:63-91. 

Gradstein, F. M., Williams, G. L., Jenkins, W.A.M., and Ascoli, P., 
1975. Mesozoic and Cenozoic stratigraphy of the Atlantic continen­

tal margin, eastern Canada. In Yorath, C. J., Parker, E. R., and 
Glass, D. J. (Eds.), Canada's Continental Margins and Offshore Pe­
troleum Exploration: Can. Soc. Pet. Geol., 103-131. 

Ingersoll, R. V., 1983. Petrofacies and provenance of Late Mesozoic 
forearc basin, northern and central California. AAPG Bull., 67: 
1125-1142. 

Ingersoll, R. V., Bullard, T. F , Ford, R. L., Grimm, J. P., Pickle, J. D., 
and Sares, S. W, 1984. The effect of grain size on detrital modes: a 
test of the Gazzi-Dickinson point-counting method. J. Sediment. 
Petrol., 54:103-116. 

Ingersoll, R. V., and Suczek, C. A., 1979. Petrology and provenance of 
Neogene sand from Nicobar and Bengal fans, DSDP Sites 211 and 
218. J. Sediment. Petrol., 49:1217-1228. 

Jansa, L. F , and Wade, J. A., 1974. Geology of the continental margin 
off Nova Scotia and Newfoundland. Pap. Geol. Surv. Can., 74-30: 
51-105. 

, 1975. Paleogeography and sedimentation in the Mesozoic 
and Cenozoic, southeastern Canada. In Yorath, C. J., Parker, E. R., 
and Glass, D. J. (Eds.), Canada's Continental Margins and Offshore 
Petroleum Exploration: Can. Soc. Pet. Geol., 79-102. 

King, L. H., Fader, G. B., Poole, W. H., and Wanless, R. K., 1985. 
Geological setting and age of the Flemish Cap granodiorite, east of 
the Grand Banks of Newfoundland. Can. J. Earth Sci., 22:1286-
1298. 

Kristofferson, Y., 1978. Sea-floor spreading and the early opening of 
the North Atlantic. Earth Planet Sci. Lett., 38:273-290. 

Lancelot, Y, Seibold, E., Dean, W. E., Jansa, L. F , Eremeev, V, Gard­
ner, J., Cepek, P., Krasheninnikov, V. A., Pflaumann, U., Johnson, 
D., Rankin, J. G., and Trabant, P., 1978. Site 370: deep basin off 
Morocco. In Lancelot, Y, Seibold, E., et al., Init. Repts. DSDP, 41: 
Washington (U.S. Govt. Printing Office), 421-491. 

Lancelot, Y, Winterer, E. L., Bosellini, A., Boutefeu, A. G., Boyce, R. 
E., Cepek, P., Fritz, D., Galimov, E. M., Melguen, M., Price, I., 
Schlager, W., Sliter, W , Taguchi, K., Vincent, E., and Westberg, J., 
1980. Site 416: in the Moroccan basin. In Lancelot, Y, Winterer, E. 
L., et al., Init. Repts. DSDP, 50: Washington (U.S. Govt. Printing 
Office), 115-301. 

Le Pichon, X., Sibuet, J . -C, and Francheteau, J., 1977. The fit of the 
continents around the North Atlantic Ocean. Tectonophysics, 38: 
169-209. 

Masson, D. G., and Miles, P. R., 1984. Mesozoic seafloor spreading be­
tween Iberia, Europe and North America. Mar. Geol., 56:279-287. 

Montadert, L., de Charpal, O., Roberts, D., Guennoc, P., and Sibuet, 
J . -C, 1979. Northeast Atlantic passive continental margins: rifting 
and subsidence processes. In Talwani, M., Hay, W., and Ryan, W.B.F. 
(Eds.), Deep Drilling Results in the Atlantic Ocean: Continental 
Margins and Paleoenvironments: Am. Geophys. Union, Maurice 
Ewing Ser., 3:154-186. 

Mougenot, D., Capdevila, R., Palain, C , Dupeuble, P.-A., and Mauf­
fret, A., 1985. Nouvelles donnees sur les sediments ante-rift et le so­
cle de la marge continentale de Galice. C. R. Acad. Sci., Ser. 2, 301: 
323-327. 

Norman, M. B., 1974. Improved techniques for selective staining of 
feldspar and other minerals using amaranth. J. Res. U.S. Geol. Sur., 
2:73-79. 

Olivet, J.-L., Bonnin, J., Beuzart, P., and Auzende, J. M., 1984. Cine­
matique de l'Atlantique Nord et Central. Publ. Cent. Nath Exploit. 
Oceans, Rapp. Sci. Techn. Fr., 54. 

Pascal, A., 1983. L'urgonien, systemes biosedimentaires et tectono-
genese. In Vue sur le Cretace Basco-Cantabrique et Nord-Iberique: 
Mem. Geol., Inst. Sci. Terre, 9:45-76. 

Pitman, W. C , and Talwani, M., 1972. Sea-floor spreading in the 
North Atlantic. Geol. Soc. Am. Bull., 83:619-646. 

Poag, C. W., 1982. Stratigraphic reference section for Georges Bank ba-
sin-depositional model for New England passive margin. AAPG 
Bull., 66:1021-1041. 

Pujalte, V, 1981. Sedimentary succession and paleoenvironments within 
a fault-controlled basin: the "Wealden" of the Santander area, North­
ern Spain. Sediment. Geol., 28:293-325. 

, 1985. The "Wealden" basin of Santander: excursion no. 9, 
sedimentation and tectonics. In Mila, M. D., and Rosell, J. (Eds.), 
Excursion Guidebook: Int. Assoc. Sedimentol. 6th Meeting (Lleida, 
Spain), 351-371. 

Rey, J., 1972. Recherches geologiques sur le Cretace inferieur de l'estre-
madura (Portugal). Mem. Serv. Geol. Port., 21. 

511 



J. A. JOHNSON 

Servicos Geologicos de Portugal, 1952. Carta geologica de Portugal. 1: 
1,000,000. 

Sibuet, J . -C, and Ryan, W.B.F., 1979. Site 398: evolution of the west 
Iberian passive continental margin in the framework of the early 
evolution of the North Atlantic Ocean. In Sibuet, J . -C, Ryan, 
W.B.F., et al., Init. Repts. DSDP, 47, Pt. 2: Washington (U.S. Govt. 
Printing Office), 761-775. 

Srivastava, S. P., and Tapscott, C R., in press. Plate kinematics of the 
North Atlantic. In Tucholke, B. E., and Vogt, P. R. (Eds.), The Ge­
ology of North America: The Western Atlantic Region: Geol. Soc. 
Am., DNAG Series. 

Suttner, L., 1974. Sedimentary petrographic provinces: an evaluation. 
In Ross, C A. (Ed.), Paleogeographic Provinces and Provinciality: 
Spec. Publ. Soc. Econ. Paleontol. Mineral., 21:75-84. 

Suttner, L. J., Basu, A., and Mack, G. H., 1981. Climate and the origin 
of quartz arenites. J. Sediment. Petrol., 51:1235-1246. 

Vail, P. R., Mitchum, R. M., Jr., and Thompson, S., 1977. Seismic stra­
tigraphy and global changes of sea level, Part 4: Global cycles of rel­
ative changes of sea level. In Payton, C E. (Ed.), Seismic Stratigra­
phy: Applications to Hydrocarbon Exploration: Mem. Am. Assoc. 
Pet. Geol., 26:83-97. 

Vail, P. R., and Todd, R. G., 1981. Northern North Sea Jurassic uncon­
formities, chronostratigraphy and sea-level changes from seismic stra­
tigraphy. In Illing, L. V, and Hobson, G. D. (Eds.), Petroleum Geol­
ogy of the Continental Shelf of North West Europe: London (Insti­
tute of Petroleum), 216-245. 

van Hinte, J. E., Wise, S. W, Jr., Biart, B.N.M., Covington, J. M., 
Dunn, D. A., Haggerty, J. A., Johns, M. W , Meyers, P. A., Moul­
lade, M. R., Muza, J. P., Ogg, J. G., Okamura, M., Sarti, M., and 
von Rad, U , 1985. Site 603: first deep (> 1000 m) penetration of the 
continental rise along the passive margin of eastern North America. 
Geology, 13:392-396. 

Wentworth, C. K., 1922. A scale of grade and class terms for clastic sed­
iments. J. Geol., 30:377-392. 

Young, S. W, 1976. Petrographic textures of detrital polycrystalline 
quartz as an aid to interpreting crystalline source rocks. J. Sediment. 
Petrol., 46:595-603. 

Date of initial receipt: 7 January 1987 
Date of acceptance: 22 April 1987 
Ms 103B-127 

512 


