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Date occupied: 4 June 1985 
Date departed: 6 June 1985 
Time on hole: 2 day, 1 hr 
Position: 42°00.7'N, 12°27.8'W 
Water depth (sea level, corrected m, echo-sounding): 5196 
Water depth (rig floor, corrected m, echo-sounding): 5206 
Bottom felt (m, drill pipe): 5201 
Penetration (m): 232.2 
Number of cores: 9 
Total length of cored section (m): 86.8 
Total core recovered (m): 15.6 
Core recovery (%): 18 
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Deepest sedimentary unit cored: 
Depth sub-bottom (m): 232.2 
Nature: sandstone 
Age: Hauterivian 

Principal results: Site 640 is on a buried ridge where Neogene turbidites 
overlie a thick (about 2 s), acoustically incoherent unit that rests on a 
strong, laterally extensive reflector thought by many workers to rep­
resent the boundary between ductile and brittle crust, in which listric 
faults merge at depth. The main results of drilling at Site 640 are 
summarized in Figure 1. 

The sedimentary section comprises three lithologic units: 
Lithologic Unit I, 145-157 m: Brown clay composed almost en­

tirely of recrystallized clay minerals. Aside from fish teeth and rare 
agglutinated benthic foraminifers, this unit is barren of microfossils 
and is interpreted as being pelagic sediment accumulated below the 
carbonate compensation depth (CCD). 

Lithologic Unit II, 157-165 m: Aptian olive-gray clay and white 
and olive-yellow clayey ooze with abundant nannoconids. This unit 
is interpreted as being pelagic sediment. 

Lithologic Unit III, 165-232 m: Hauterivian to Barremian inter­
bedded marlstone and clayey ooze, including thin turbidites with 
plant debris, overlying Hauterivian sandy turbidites rich in mica and 
plant debris. The upper part of this unit is Barremian in age. This 
unit is interpreted as being a sequence of terrigenous turbidites grad­
ing upward into a sequence of interbedded distal terrigenous turbi­
dites and pelagic and hemipelagic sediments. 

Laboratory measurements of sound velocity in the core samples 
indicate that the top of the acoustically incoherent unit is correlated 
with the top of the Hauterivian turbidites. 

Finding Lower Cretaceous, syn-rift turbidite sediments, similar 
to those at Site 638, in the acoustically incoherent unit may force re­
assessment of the brittle/ductile-transition interpretation of the S re­
flector because the rocks above the S reflector at least partly consist 
of Early Cretaceous sediments, more or less tilted and slumped dur­
ing rifting. Thus, the S reflector, lying 2-4 km below the seafloor, 
could represent the substratum of the syn-rift Cretaceous sedimenta­
ry rocks, formed either by the top of the pre-rift platform carbon­
ates or by crystalline basement. 

BACKGROUND AND OBJECTIVES 
Between the tilted block drilled at Sites 638 and 639 and the 

peridotite ridge drilled at Site 637, the deep margin of Galicia is 
about 50 km wide. The seafloor, which slopes gently to the 
west, from 4800 to 5300 m, is broken by only one small sea-
mount at 42°09'N, 12°32'W, which marks the outcrop of a 
buried north-trending ridge bringing acoustic basement (actu­
ally a zone of incoherent reflections) close to the seafloor (Fig. 2). 
The two north-trending sedimentary basins flanking the ridge 
contain thick (2-3 km) syn- and post-rift sedimentary sequenc­
es. Clearly, the buried basin-and-range topography of the "acous­
tic basement" is pre-Albian and probably Early Cretaceous in 
age (Montadert et al., 1979; Boillot et al., 1979, 1980; Sibuet et 
al., this volume). 

This part of the margin is characterized by a deep, strong, 
and almost continuous reflector within the "acoustic basement," 
labeled "S" by Montadert et al. (1979). The S reflector is be­
tween 1.5 and 3 s (two-way traveltime) below the seafloor and 
thus too deep for ODP drilling (Fig. 3). Drilling into the upper 
part of the acoustically incoherent interval between S and the 
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SITE 640 

Location: 42°00.7'N, 12°27.8'W Water depth: 5196 meters below sea level 

Depth 
(mbsf) Lithology Age 

1 0 0 -

2 0 0 -
Unit III 

Brown clay 

Clay and ooze 

Marlstone and thin turbidites 
overlying sandy turbidites 
with wood fragments 

Total depth: 232.2 m 
Figure 1. Stratigraphic summary log, Site 640 (Hole 640A). 

prominent reflector between seismic units 3 and 4 (Fig. 3), which 
includes at least some syn-rift sediments (seismic unit 4), should 
acquire new data for interpretation of the S reflector and thus of 
the whole margin. 

The S reflector is interpreted by Montadert et al. (1979) and 
Chenet et al. (1982) as being the boundary between brittle and 
ductile continental crust, i.e., the fault surface where listric nor­
mal faults root. This interpretation implies that the upper part 
of the rocks between S and the reflector at the base of seismic 
unit 3 consists of several tilted crustal blocks, one of which con­
stitutes the north-trending ridge near the 12°30'W meridian 
(Fig. 2). According to this interpretation, the rocks above reflec­
tor S should be continental basement and/or pre-rift sediments. 
In this model, the margin would extend as far west as the east 
edge of the peridotite ridge, which is the interpretation we ac­
cept for Site 637 (see Site 637 chapter, this volume). 

Before drilling at Site 640, we considered two other hypothe­
ses as being viable: 

1. The acoustically incoherent unit above the S reflector is a 
giant slide of pre- and syn-rift sediments, including limestone 
and sandstone. The S reflector would, thus, correspond to the 
detachment surface separating the allochthonous sedimentary 
cover of low acoustic impedance from the underlying autoch­
thonous basement, which has high impedance. This hypothesis 
does not differentiate continental from oceanic basement be­
neath S. 

2. The acoustically incoherent unit above the S reflector is ba­
salt. This hypothesis results from a comparison of the deep Gali-
cia margin with the Goban Spur margin, drilled during Deep Sea 
Drilling Project Leg 80 (de Graciansky, Poag, et al., 1985). Cor­
ing at Site 551, on a crustal block thought from previous studies 
to be a continental tilted block, recovered tholeiitic basalt. A 
seismic line recorded near Site 551 shows syn-rift sediments be­
low the acoustical body identified as basalt by the drilling. This 
line suggests either that basalts are syn-rift volcanic deposits, 
resting upon thinned continental crust (Masson et al., 1985) or 
that early post-rift sediments derived from the continental mar­
gin are interbedded with ocean basalt. Basalts at Site 551 are 
similar to basalt cored at Site 550, which is clearly located on 
the oceanic crust. Thus, Site 551 also could belong to the ocean­
ic domain (Maury et al., 1985). 

If we should recover basalt at Site 640, the volcanics could be 
syn-rift extrusions or Layer 2 of a pre-Albian piece of oceanic 
crust. Horizon S would then perhaps be the boundary between 
Layers 2 and 3, and we would need to reinterpret the emplace­
ment of the peridotite ridge at Site 637. 

Drilling at Site 640 is thus crucial for the interpretation of 
the margin and of the adjacent oceanic basin. The major hy­
potheses could be tested by drilling only a few cores into the 
acoustically incoherent unit. 

OPERATIONS 

Approach to Site 640 
For the transit from Site 639 to Site 640, a multichannel seis­

mic line (Fig. 3) guided us, and the ship headed southwest from 
Site 639 to join the track of that line, following it into the cho­
sen site near shotpoint 1765. This point is on the western sum­
mit of a ridgecrest that has two summits about 1.5 km apart. 
Our effort to locate the site at exactly this shotpoint was unsuc­
cessful because, first, the satellite-navigation system does not al­
low the precision of navigation required to follow exactly along 
the multichannel line and, second, the seismic equipment on 
JOIDES Resolution (a single-channel system, digitally recorded) 
has an advance rate of the recording paper that produces real­
time records with large vertical exaggeration, which makes it 
difficult to discriminate features that are close together along 
the profile. 

The track of JOIDES Resolution during the approach to Site 
640 is shown in Figure 4, which also shows the location of the 
multichannel line and key shotpoints. During the last stages of 
the approach, we dropped the acoustic beacon at 0100 hr on 4 
June 1985, at a point about 100 m north of the multichannel 
line near shotpoint 1793, which is about 1.5 km east of shot-
point 1765, on the eastern summit of the buried ridge (Figure 3). 

Drilling and Coring Operations at Site 640 
The objective at Site 640 was to sample the acoustically com­

plex body underlying the post-rift sedimentary sequence. Be­
cause the seismic profiles show that the covering layers are doubt­
less the correlatives of the Neogene sequence cored continu­
ously at Site 637, only about 35 km to the west, we obtained 
permission to wash through the soft sediments and begin coring 
at the top of the first sign of firm material. At 0945 hr, only 
about 8 hr after we had dropped the beacon, Hole 640A was 
spudded at a depth of 5201 m below the derrick floor. Using a 
center bit, we drilled ahead without coring to a depth of 145.4 
mbsf, where firm material was encountered. Cores were recov­
ered continuously from this level to the total depth of 232.2 
mbsf, under normal drilling conditions. Below 157 mbsf, the 
section consists of Lower Cretaceous claystone and sandstone 
similar to the strata cored at Site 638. Recovery rates are disap-
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Figure 2. A. Bathymetric map of Galicia margin and surrounding area. Contour interval, 500 m. Block outlines area 
shown in B. B. Structural diagram of deep Galicia margin, with location of Sites 637, 638, 639, and 640 and of the 
seismic line shown in Figure 3. 



SITE 640 

Site 640 

Figure 3. IFP multichannel seismic line GP-102B1, from shotpoints 1470 to 1900, showing location of Site 640 (courtesy of L. Montadert). 1-3 = 
Albian-Recent post-rift sediments. 4 = syn-rift sediments. S = deep reflector in "acoustical basement." Location of seismic line is shown in Figure 
2. 
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Figure 4. Track of JOIDES Resolution during the approach to Site 640 (solid line), showing the relation of the site to the summit area of the buried 
ridge. Location of multichannel line GP-102B1 (dashed line) and key shotpoints along that line are also shown. 

pointingly low, averaging about 17% in the Cretaceous rocks. 
Table 1 gives the details on the coring record at Site 640. 

We abandoned the hole because we had established that at 
least the upper part of the acoustically complex unit beneath the 
Neogene consists of Lower Cretaceous turbidite beds. We saw 
no pressing scientific need to continue coring deeper into a for­
mation we had already sampled extensively at Site 638. 

At 0200 hr on 6 June, about 49 hr after dropping the beacon 
at the site, we had pulled out of the hole and were under way 
back to Site 639 to complete the drilling there. 

SEDIMENT LITHOLOGY 
Drilling at Site 640 penetrated only the upper part of the sed­

imentary sequence. The sedimentary section sampled (Table 2) 
consists of brown clay (lithologic Unit I), presumed to be Late 

Cretaceous or Paleogene in age, overlying a sequence of Early 
Cretaceous marlstone, sandstone, and limestone (lithologic Units 
II and III). The uppermost 145 m of section, above the brown 
clay, were not sampled. 

Lithologic Unit I (145.4-156.9 m; Core 103-640A-1R 
through Sample 103-640A-2R-2, 32 cm) 

Lithologic Unit I consists of unfossiliferous brown and yel­
lowish brown clay, faintly mottled and with diffuse banding on 
a scale of 1-10 cm. Dark-gray or black spots and patches as 
much as 0.6 cm across rich in organic matter or iron-manganese 
oxide occur throughout. Smear slides show the sediment to be 
composed almost entirely of recrystallized clay minerals and 
trace amounts of quartz silt and carbonate rhombs. Fish teeth 
are common in washed residues of the sediments. 
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Table 1. Coring summary, Site 640 (Hole 640A). 

Core 
no. 

Date 
(mo. /day) 

1985 
Time 
(hr) 

Sub-bottom 
top 
(m) 

Sub-bottom 
bottom 

(m) 

Length 
cored 
(m) 

Length 
recovered 

(m) 
Percentage 
recovered 

IR 
2R 
3R 
4R 
5R 
6R 
7R 
8R 
9R 

06/04 
06/04 
06/05 
06/05 
06/05 
06/05 
06/05 
06/05 
06/05 

1855 
2230 
0100 
0330 
0600 
0845 
1145 
1415 
1645 

145.4 
155.1 
164.7 
174.3 
184.0 
193.7 
203.3 
213.0 
222.5 

155.1 
164.7 
174.3 
184.0 
193.7 
203.3 
213.0 
222.5 
232.2 

9.7 
9.6 
9.6 
9.7 
9.7 
9.6 
9.7 
9.5 
9.7 

1.5 
2.5 
4.7 
2.0 
0.3 
1.6 
1.7 
1.1 
0.2 

15.0 
25.0 
48.0 
20.0 

3.0 
16.0 
17.0 
11.0 
2.0 

Table 2. Lithologic units sampled at Site 640. 

Lithologic 
unit/subunit Lithology Cores 

Sub-bottom depth 
(m) 

I 

11 

IIIA 

IIIB 

Brown clay 

Clayey ooze 

Marlstone and clayey ooze 

Sandstone, limestone, and 
marlstone microturbidites 

103-640A-1R-I,0cm-
103-640A-2R-2, 32 cm 

103-640A-2R-2, 32 cm-
103-640A-2R, CC 

103-640A-3R-l,0cm-
103-640A-5R-1, 4 cm 

103-640A-5R-1, 4 cm-
103-640A-9R, CC 

145.4-156.9 

156.9-164.7 

164.7-184.4 

184.4-232.2 

The upper boundary of lithologic Unit I remains unknown 
because the top 145 m of the section were not cored. The bot­
tom of lithologic Unit I is marked by an abrupt lithologic change 
to olive-gray clay, which forms the top of lithologic Unit II (Fig. 
5). This sharp boundary probably represents a major hiatus in 
sedimentation, although we found no clear evidence of this. 

In the absence of good biostratigraphic control, we can say 
with certainty only that lithologic Unit I is younger than Early 
Cretaceous. Comparison with other sites in the northeast Atlan­
tic suggests a Paleogene age (see later discussion). 

Lithologic Unit II (156.9-164.7 m; Samples 
103-640A-2R-2, 32 cm, through 103-640A-2R, CC) 
Directly beneath lithologic Unit I and extending down to the 

base of Sample 103-640A-2R, CC, lithologic Unit II consists of 
olive-gray clay and white and olive-yellow clayey ooze. The up­
permost part of lithologic Unit II is a 15-cm-thick band of ol­
ive-gray clay having limonitic patches and many blue-black lam­
inae. The sediment is barren of fossils, except some agglutinated 
foraminifers. Below the clay, the sediment is a clayey ooze com­
posed of loose crystals of recrystallized carbonate having a high 
proportion of well-preserved nannoconids. The boundary be­
tween the clay and the clayey ooze is abrupt and may be a drill­
ing contact or a hiatus in sedimentation. The ooze becomes in­
creasingly yellow and more clay-rich downward. The distinct 
lithologic change between lithologic Unit II and lithologic Unit 
III suggests that the boundary between these units (which lies 
between Cores 103-640A-2R and 103-640A-3R) may represent a 
hiatus in sedimentation. 

Lithologic Unit III (164.7-232.2 m; Cores 103-640A-3R 
through 103-640A-9R) 

Subunit IIIA (164.7-184.4 m; Core 103-640A-3R through 
Sample 103-640A-5R-1, 4 cm) 

Subunit IIIA consists of dark-gray calcareous clay and marl 
and white clayey ooze. Marl and clayey ooze alternate at inter­
vals ranging from 15 to 100 cm. In some places, the dark-gray 
marl layers have sharp bases and gradational tops; in others, 

both upper and lower boundaries are gradational. The dark-
gray marl layers are finely, though faintly, laminated and con­
tain abundant plant debris, including recognizable wood frag­
ments, one being 5 cm long. The light-gray clayey ooze layers 
are massive and faintly mottled. They consist largely of recrys­
tallized carbonate and some nannofossils, including nannoco­
nids. Some of the clayey ooze beds include intervals from 10 to 
20 cm thick that are darker and more clay-rich. The clayey ooze 
has been lithified to a clayey limestone in some intervals in 
Cores 103-640A-3R and 103-640A-4R. 

Clayey ooze is interpreted as being pelagic sediment. The 
more clay-rich intervals and the marl beds represent intervals of 
increased terrigenous input, probably as both distal turbidites 
and increased nepheloid transport. 

Subunit IIIB (184.4-232.2 m; Sample 103-640A-5R-1, 4 cm, 
through Core 103-640A-9R) 

Subunit IIIB consists of calcareous clay, silty calcareous clay, 
clayey limestone, and sandstone. Because of poor core recovery, 
the details of the contact between Subunits IIIA and IIIB are 
unknown, but the contact is most likely gradational. Drilling 
terminated before the lower boundary of Subunit IIIB was 
reached. 

The calcareous clay and silty calcareous clay in Subunit IIIB 
are interbedded on a scale of millimeters to 3 cm. Each bed is 
normally graded from dark-gray silty calcareous clay, rich in mi­
ca and plant debris, up into lighter gray calcareous clay. The 
lower part of each interval commonly shows parallel lamina­
tion. Several thin marl interbeds occur. The bedding in the clays, 
especially in Cores 103-640A-6R and 103-640A-7R, is highly con­
torted and has the appearance of slumping. 

The sandstone and clayey limestone occur as lithified inter­
beds with no obvious relationship to the clays. The clayey lime­
stone is a mudstone, according to the expanded classification of 
Dunham (Wilson, 1975) (i.e., very fine-grained and no obvious 
allochems). The sandstone is brownish gray, coarse- to fine­
grained, having foraminifers, carbonate clasts with calpionel-
lids, biotite, coalified plant debris, rock fragments, and feldspar 
as the major constituents. Sorting is poor. Some pieces of sand-
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Figure 5. Sample 103-640A-2R-2, 29-60 cm. Lithologic Unit I/Unit II 
boundary is located at Sample 103-640A-2R-2, 32 cm. 

stone show faint lamination and normally graded bedding 
(Ta.b, Td.e). The sandstone is calcite cemented and cut by calcite 
veins. 

All the cores from Subunit IIIB were fractured and disturbed 
by drilling. As in cores of similar sediments taken from Site 638 
nearby, however, the drilling disturbance in Cores 103-640A-6R 
and 103-640A-7R has only magnified pre-existing deformation 

from slumping. Cores 103-640A-8R and 103-640A-9R appear to 
be normally bedded, the bedding being nearly horizontal. 

Subunit IIIB is interpreted as being a sequence of terrigenous 
turbidites and microturbidites, some of which were subsequent­
ly transported by slumping to their current location. 

BIOSTRATIGRAPHY 
Foraminifers, nannofossils, and radiolarians were examined 

from sediments recovered at Hole 640A on the Iberian margin. 
A rare, poorly to moderately preserved deep-water agglutinated 
benthic foraminiferal assemblage was recovered from the brown 
clay of lithologic Unit I (Samples 103-640A-1R, CC, and 103-
640A-2R-2, 30-32 cm; see "Sediment Lithology" section, this 
chapter) and indicates a Late Cretaceous age with deposition 
below the CCD. Nannofossils and radiolarians are absent from 
this unit. Sediments of the underlying lithologic Unit II (clayey 
ooze) contain benthic foraminifers of late Aptian/Albian age 
(Sample 103-640A-2R-2, 32-34 cm). More precisely, in Samples 
103-640A-2R-2, 48-49 cm, 103-640A-2R-2, 56-58 cm, and 103-
640A-2R-2, CC, planktonic foraminifers indicate an early Apti­
an age. Nannofossils and radiolarians recovered from this sec­
tion indicate a middle Hauterivian to late Barremian age. The 
sandstone and limestone of lithologic Unit III contain a very 
rare and poorly preserved foraminiferal fauna, signifying late 
Hauterivian to Aptian age. A well-preserved and abundant nan-
nofossil flora indicates a Hauterivian age in Cores 103-640A-5R 
to 103-640A-9R. Radiolarians recovered from lithologic Unit III 
similarly indicate Hauterivian to Aptian ages. 

Foraminifers 
Generally rare, poorly to moderately well-preserved foramin­

ifers occur sporadically in Hole 640A. Sample 103-640A-IR, 
CC, taken from the brown clay of lithologic Unit I, contains a 
few Neogene (mainly Miocene) planktonic contaminants, a few 
agglutinated benthic species {Ammodiscus cretaceus, Paratro-
chamminoides sp., and Bathysiphon sp.), and some Paleocene 
fish teeth (P. Doyle, pers. comm., 1985). Sample 103-640A-2R-
2, 30-32 cm, just above the boundary between lithologic Units I 
and II, also contains a few agglutinants (Hormosina ovulum, 
H. ovulum crassa, Plectorecurvoides sp., Triplasia sp., Rhab-
dammina sp., Bathysiphon sp.) and Cretaceous fish teeth but is 
devoid of Neogene calcareous contaminants. These Rhabdam-
mina-like assemblages indicate a Late Cretaceous age (Krashen-
ninikov, 1974; Hemleben and Troester, 1984). 

Clayey ooze in the uppermost part of lithologic Unit II con­
tains middle Cretaceous impoverished assemblages. Sample 103-
640A-2R-2, 33-34 cm, taken just below the discontinuity that 
defines the boundary between lithologic Unit I and Unit II, 
contains a few agglutinated benthic species. This low-diversity 
assemblage includes various species of Bathysiphon and trocham-
minids, Glomospirella gaultina, Verneuilinoides neocomiensis, 
and a juvenile specimen of the calcareous benthic genus Pleuro-
stomella. The co-occurrence of the two last taxa indicates a late 
Aptian/Albian age. A few centimeters below the discontinuity, 
Samples 103-640A-2R-2, 48-49 cm, and 103-640A-2R-2, 56-58 
cm, provide a still more precise dating, based on late early Apti­
an (C13 Zone) planktonic assemblages, composed of small hed-
bergellids and globigerinelloids, including Hedbergella sigali, H. 
sp. aff. planispira (sensu Moullade), H. similis (sensu Longo-
ria), H. infracretacea, H. gargasiana, Globigerinelloides blowi, 
and G. gottisi. If the discontinuity between lithologic Units I 
and II coincides with the break-up unconformity (see "Seismic 
Stratigraphy" section, this chapter) separating the syn- and post-
rift sequences, this age assignment is consistent with the dating 
of the same event at nearby DSDP Site 398 (Sibuet and Ryan, 
1979). 

Below this short fossiliferous interval, the rest of lithologic 
Unit II and lithologic Subunit IIIA are devoid of foraminifers, 
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except rare Neogene contaminants in core-catcher samples down 
to Core 103-640A-3R. Sample 103-640A-4R, CC, contains rare 
Lower Cretaceous agglutinated and calcareous (nodosariid) ben-
thics, accompanied by rare planktonics, including Neogene con­
taminants and some Lower Cretaceous hedbergellids, having a 
poor preservation that precludes a better identification. 

Lithologic Subunit HIB cannot be dated on the basis of its fo-
raminiferal content. Sample 103-640A-5R, CC, yields very rare 
non-age-diagnostic lenticulinids and nodosariids. Sample 103-
640A-6R, CC, contains Lenticulina ouachensis, Astacolus cre-
pidularis, and poorly preserved trocholines (Trocholina cf. apti-
ensis, T. infragranulata), indicating a late Hauterivian to early 
Aptian age. Cores 103-640A-7R and 103-640A-8R are virtually 
barren of foraminifers and contain only extremely rare and tiny 
nodosariids or Rhabdammina-like agglutinated forms. 

These impoverished foraminiferal assemblages, chiefly com­
posed of tiny calcareous specimens, are thought to have been 
transported to Site 640 by turbidity currents, whereas the "primi­
tive" agglutinated component is interpreted as being an in-situ 
microfauna. The absence of autochthonous calcareous benthic 
species implies that most if not all the section drilled at Hole 
640A was deposited below or near the CCD. 

Nannofossils 
Hauterivian to late Barremian nannofossil assemblages are 

present in sediment recovered from the only hole drilled at Site 
640 (Cores 103-640A-2R through 103-640A-9R). The clays in 
Core 103-640A-1R through Sample 103-640A-2R-2, 47 cm, are 
barren. Nannofossil evidence indicates that part of the upper 
Hauterivian (and possibly some of the lower Barremian) is ei­
ther absent or was not recovered between Cores 103-640A-4R 
and 103-640A-5R, which are dated according to nannofossil oc­
currence as early Barremian and early late Hauterivian. Upper 
Barremian sediment is in direct contact with upper Hauterivian 
sediment at Site 638. 

Nannofossils are common to abundant in almost all Lower 
Cretaceous sediments. A decrease in abundance seen in Core 
103-640A-9R is associated with an influx of silt-sized material. 
In general, preservation is moderate to excellent in claystone 
and poor to moderate in more calcareous-rich sediment. 

Samples 103-640A-2R-2, 48-49 cm, through 103-640A-3R, 
CC, are dated as late Barremian and are assigned to the Micran-
tholithus hoschulzii Zone (CC-6; Sissingh, 1977). The absence 
of Rucinolithus irregularis and Chiastozygus litterarius in addi­
tion to the occurrence of Haysites radiatus in this interval is evi­
dence of an age no younger than late Barremian. 

Sample 103-640A-4R, CC, contains Calcicalthina oblongata 
and Lithraphidites bollii and is dated as early Barremian to late 
Hauterivian. C. oblongata is found at the top of Core 103-640-
4R; however, L. bollii is not observed above 103-640A-4R, CC. 
Cores 103-640A-5R through 103-640A-9R all contain assemblages 
that include Calcicalathina oblongata, Lithraphidites bollii, Spee-
tonia colligata, Cruciellipsis cuvillieri, and Tubodiscus verenae. 
This interval is assigned to the middle to late Hauterivian, Cre-
tarhabdus loriei Zone (CC-4b). 

Radiolarians 
Radiolarian preparations were made for all core-catcher sam­

ples from Hole 640A and for an additional 20 samples from 
Sections 103-640A-1R-1 to 103-640A-8R-1. Samples of litholog­
ic Units I and II are barren of radiolarians and other siliceous 
microfossils. Samples from lithologic Unit III (Samples 103-
640A-3R, CC, to 103-640A-8R, CC) are also barren, except 
Samples 103-640A-3R, CC, and 103-640A-5R, CC. Sample 103-
640A-5R, CC, contains a few radiolarians preserved in pyrite; 
however, a strong crystal overgrowth with pyrite precludes deter­
mination of taxa. Sample 103-640A-3R, CC, contains an abun­

dant and well-preserved radiolarian assemblage recrystallized in 
pyrite. The fauna is diverse, and several age-diagnostic species 
could be distinguished, including Sethocapsa uterculus, Triacto-
ma cf. hybum, Archaeodictyomitra lacrimula, A. cf. vulgaris, 
Pseudodictyomitra lilyae, Xitus spicularis, Cyrtocapsa grutterinki, 
Alievum helenae, Thanarla pulchra, T. conica, Podobursa tria-
cantha, Stichocapsa cribata, Williriedellum gilkeyi, Acaeniotyle 
diaphorogona, A. umbilicata, Angulobracchium cf. portmanni, 
Pantanellium lanceola, Pseudocrucella sp., and Acanthocircus 
diacranacanthos. This assemblage characterizes the uppermost 
Hauterivian/lowest Barremian, but the absence of important 
marker species, which have their latest occurrence in the upper 
Hauterivian {Siphocampium davidi and Sethocapsa trachyos-
traca), suggests an early Barremian age for Sample 103-640A-
3R, CC. 

The age of this fauna coincides with the nannofossil data 
from Sample 103-640A-3R, CC (middle Barremian) and several 
samples of Core 103-640A-4R (early Barremian); the assemblage 
is also comparable, but slightly younger than Sample 103-638B-
21R-1, 4-6 cm (early Barremian). 

The overall faunal composition is somewhat strange; in fact, 
a large part of the age-diagnostic species is restricted to the 45-
63-/Am size fraction, whereas the coarser fraction is dominated 
by non-diverse, long-ranging Spumellarids. In the western Tethys, 
radiolarian assemblages representing the time interval are char­
acterized by the occurrence of large forms {Podobursa, Obesa-
capsula, Mirifusus), which are almost absent in Sample 103-
640A-3R, CC. Whether this absence results from sorting during 
transport or from middle- to high-latitude areas being devoid of 
these genera is unclear. Because downward from Sample 103-
640A-5R, CC, the sediments are mainly turbidites, the former 
explanation seems to be more likely. 

PALEOMAGNETICS 
At Hole 640A, as at the previous holes, the whole-round pa­

leomagnetic analyses measured only the degree of contamina­
tion by rust flakes and drilling slurry rather than the magnetiza­
tion of the sediments (see "Explanatory Notes" chapter, this 
volume). Therefore, the following discrete oriented samples were 
taken for later shore-based analysis: 6 samples of brown clay in 
the upper 2 cores, 1 sample of Aptian(?) light-yellow clayey 
ooze (base of Core 103-640A-2R), and 20 samples of gray nan­
nofossil marlstone and sandstone turbidites of Hauterivian-Bar-
remian age. These samples were analyzed on a cryogenic magne­
tometer at the University of Wyoming, as described in the pa­
leomagnetic report in the Site 638 chapter (this volume). 

Brown Clay (Early Tertiary(?); Core 103-640A-1R 
through Sample 103-640A-2R-2, 32 cm) 

The six samples were progressively thermally demagnetized 
to 550°C. Magnetization intensity was strong; natural remanent 
magnetization (NRM) intensities generally exceeded 2 x I0" 5 

emu/cm3 (= 2 x I0" 2 A/m), and intensities at the 500°C step 
averaged about 3 X 10~6 emu/cm3. Characteristic directions 
were obtained from the 400° to 550°C steps. Two pairs of nor­
mal- and reversed-polarity zones are present (Fig. 6), although 
these are poorly documented. The lack of adequate age controls 
prevents any polarity chron assignments. 

Marlstone and Sandstone Turbidites 
(Hauterivian-Aptian(?); Cores 103-640A-3R through 

103-640A-9R) 
Most of these samples have weak magnetization; intensities 

of characteristic magnetization average about 2 x I 0 - 8 emu/ 
cm3. The final polarity was apparent upon thermal demagnet­
ization of 180°C or less, and characteristic directions of magne­
tization were generally obtained from 210° through 300°C. Un-
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Figure 6. Magnetostratigraphy and tentative assignment of polarity chrons at Hole 640A. Black shading is nor­
mal-polarity zones, and white is reversed polarity. Diagonal pattern indicates gaps in recovery or intervals of 
indeterminant or unreliable polarity. Half bar represents single samples having a polarity interpretation oppo­
site that of the adjacent samples or indicates that only one sample was available from the core. Assignment of 
magnetic polarity chrons is the best current guess based upon the polarity time scales. Complete tables of the 
paleomagnetic data and polarity interpretations will be given in Part B of the Leg 103 volumes. 

stable or viscous magnetizations were commonly exhibited at 
about 300°C. The few samples of sandstone or claystone turbi-
dites had strong and more stable magnetization. 

Sparse core recovery coupled with slow sedimentation rate 
rendered the determination of a reliable magnetostratigraphy 
difficult (Fig. 6). Tentative polarity chron assignments are based 
mainly on the nannofossil datums, using the magnetic polarity 
time scale compiled by Ogg (in press). The nannofossil datums 
are all highest occurrences of key species and, hence, are possi­
bly affected by redeposition in this turbidite-rich sequence. 

The sample of light-yellow clayey ooze has reversed polarity 
and, therefore, could correspond to polarity chron M0 if the 
Aptian-age determination made aboard ship is correct. The late 
Barremian has predominately reversed polarity, which could cor­
respond to polarity chron Ml and/or upper M3 of that age. As 
at Site 638, the early Barremian and the latest Hauterivian ap­
pears to be absent. The sparse recovery of the middle Hauterivi­
an yielded mixed polarity, but detail is inadequate to enable as­
signment of these zones to the polarity chrons between M8 and 
M10 of this age interval. Better guesses about the correlation of 
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the polarity zones to polarity chrons will be possible when the 
dinoflagellate biostratigraphy is available. 

ORGANIC GEOCHEMISTRY 

Organic Carbon Analysis 
Ten samples were taken at Site 640 for organic carbon and ni­

trogen determination using the Perkin-Elmer elemental analyz­
er. Results of the organic carbon percentage on a dry-sediment 
weight basis and percentage of carbonate are listed in Table 3. 
Because of technical problems, reliable determination of ele­
mental nitrogen was not possible. 

Samples recovered at Site 640 are similar to those recovered 
at Site 638 (see "Sediment Lithology" sections, this chapter and 
Site 638 chapter). For a complete discussion of the character of 
the organic matter, see "Organic Geochemistry" section in the 
Site 638 chapter (this volume). 

Organic Carbon Isotope Analysis 
Organic carbon isotope values are listed in Table 4. 

INORGANIC GEOCHEMISTRY 
Interstitial-Water Chemistry 

Two sediment samples were taken from the rotary-drilled 
cores recovered at Site 640 and were squeezed aboard ship to ob­
tain the interstitial water from the sediment. The water samples 
were analyzed for pH, alkalinity, chlorinity, salinity, calcium, 
and magnesium. The same analytical methods used at the pre­
vious sites on Leg 103 were employed for analysis of the intersti­
tial waters obtained at Site 640. The primary standard used for 
calibration of the water analysis is IAPSO standard seawater, 
and surface seawater retrieved by a bucket overboard was used 
for comparison with the interstitial water. 

The results listed in Table 5 are similar to the results obtained 
from similar sub-bottom depths at other Leg 103 sites. Calcium 
values at Site 640 are slightly higher than those obtained from 
the other sites, but the general trends of an increase in calcium 
concentration and a decrease in magnesium concentration with 
increasing sub-bottom depth remains the same. The pH remains 
relatively constant, and the alkalinity decreases with increasing 
sub-bottom depth. The decrease in alkalinity in the lower sam­
ple from Site 640 (Sample 103-640A-7R-1, 140-150 cm; 204.7 m 
sub-bottom depth) may be associated with the increasing lithifi-
cation and carbonate precipitation in the sandstone, limestone, 
and marlstone microturbidites of lithologic Subunit IIIB. 

Calcium Carbonate 
Nineteen samples were analyzed for percentage of carbon­

ate; results are listed in Table 6 and graphed in Figure 7. Litho­
logic Unit I, composed of brown clay, contains no carbonate in 
the dried-sediment samples. Lithologic Unit II is characterized 
by clayey ooze but also contains clay and marl as minor litholo-
gies. The carbonate values in three samples from lithologic Unit 
II range from 6% to 69% of the dried-sediment weight. Litho­
logic Subunit IIIA consists of marlstone and clayey ooze having 
carbonate values that range from 46% to 89% of the dried-sedi­
ment weight. Lithologic Subunit IIIB, having a wider range, 
13%-89%, in the percentage of carbonate of the dried-sedi­
ment weight than does the overlying Subunit IIIA, consists of 
sandstone, limestone, and marlstone microturbidites. 

PHYSICAL PROPERTIES 
Physical-property measurements were made on sediments and 

sedimentary rocks from Hole 640A according to the procedure 
outlined in previous site reports of Leg 103, except as noted 
here. After the cores were sectioned and logged into the core in­
ventory records, bulk density of core sections was continuously 

Table 3. CHN summary, Site 640. 

Sample 
(interval in cm) 

Sub-bottom 
depth (m) 

Organic 
carbon 
(%) 

Inorgan. 
carbon 
(%) Lithology 

Lithologic 
unit 

103-640A-1R-1, 60-62 
103-640A-3R-1, 140-142 
103-640A-3R-3, 140-142 
103-640A-3R-4, 12-14 
103-640A-4R, CC, 5-7 
103-640A-5R, CC, 4-6 
103-640A-6R-1, 48-50 
103-640A-7R-1, 20-22 
103-640A-7R-1, 84-86 
103-640A-8R-1, 38-40 

146.0 
166.41 
169.10 
169.32 
176.18 
184.27 
194.18 
203.50 
204.14 
213.38 

0.11 
1.06 
0.98 
0.10 
0.15 
0.93 
1.02 
0.10 
0.99 
1.09 

0 
46 
65 
88 
63 
36 
13 
63 
21 
23 

Brown clay 
Marl 
Marl 
Clayey ooze 
Marlstone 
Marlstone 
Calcareous clay 
Marl 
Calcareous clay 
Calcareous claystone 

I 
IIIA 
IIIA 
IIIA 
IIIA 
IIIA 
IIIB 
IIIB 
IIIB 
IIIB 

Table 4. Organic carbon isotope values, Hole 640. 

Sub-bottom 
Sample depth (m) Age 

103-640A-3R-1, 140-142 166.41 Barremian 
103-640A-5R,CC, 4-6 184.27 Barremian 
103-640A-6R-1, 48-50 194.18 Barremian 

Table 5. Shipboard interstitial-water analyses, Site 640. 

Organic CaC0 3 
carbon (<%) (%) 613C 

Sample Sub-bottom Alkalinity Salinity 
(interval in cm) depth (m) pH (meq/kg) (%o) 

103-640A-3R-2, 140-150 167.7 7.57 2.40 
103-640A-7R-1, 140-150 204.7 7.56 1.92 

34.1 
34.2 

1.06 46 -27 .6 
0.93 36 -23 .8 
1.02 13 - 2 5 

Chlorinity C a + + 

(%o) (mmol/L) 

19.16 15.58 
19.29 18.24 

Mg + + 

(mmol/L) 

43.49 
38.51 
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Table 6. Carbonate-bomb data, Site 640. 

Sample 
(interval in cm) 

103-640A-1R-1, 60-62 
103-640A-2R-1, 100-102 
103-640A-2R-2, 41-42 
103-640A-2R-2, 57-58 
103-640A-2R,CC, 18-20 
103-640A-3R-1, 140-142 
103-640A-3R-2, 21-22 
103-640A-3R-2, 138-140 
103-640A-3R-3, 140-142 
103-640A-3R-4, 12-14 
103-640A-4R-1, 15-17 
103-640A-4R,CC, 5-7 
103-640A-5R,CC, 4-6 
103-640A-6R-1, 48-50 
103-640A-6R-1, 131-133 
103-640A-7R-1, 20-22 
103-640A-7R-1, 84-86 
103-640A-7R,CC, 6-8 
103-640A-8R-1, 38-40 

Sub-bottom 
depth (m) 

146.0 
156.1 
157.01 
157.17 
157.40 
166.1 
166.41 
167.58 
169.1 
169.32 
174.45 
176.18 
184.27 
194.18 
195.01 
203.5 
204.14 
204.98 
213.38 

Carbonate 
(%) 

0 
0 
6 

69 
42 
46 
89 
81 
65 
88 
65 
63 
36 
13 
89 
63 
21 
62 
23 

Lithology3 

Brown clay 
Brown clay 
Light-olive clay 
Clayey nannofossil ooze 
Marl 
Marl 
Clayey nannofossil ooze 
Clayey ooze 
Marl 
Clayey ooze 
Marl 
Marlstone 
Marlstone 
Calcareous clay 
Clayey limestone 
Marl 
Calcareous clay 
Fine-grained calcareous sandstone 
Calcareous claystone 

Lithologic names are those used on visual core description forms. 
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Figure 7. Percentage of carbonate in dried-sediment samples from Site 
640. Boundaries of the lithologic units are superimposed. Data are given 
in Table 6. 

measured on the Gamma Ray Attenuation Porosity Evaluator 
(GRAPE). The cores were then allowed to warm for 4 hr to sta­
ble room temperature before sediment was analyzed for thermal 
conductivity. After this, the sections were split and sampled for 
further physical-property measurements. Because Hole 640A be­

gan with a washed interval, the contents of Core 103-640A-1R 
(145.4-155.1 m sub-bottom) were already too stiff for measure­
ment of shear strength without damaging the vane-shear-
strength apparatus. Compressional seismic velocity of sediments 
and sedimentary rock from Hole 640A was measured on the 
Hamilton Frame velocimeter, and these same samples were mea­
sured gravimetrically for index properties (bulk and grain densi­
ty, water content, and porosity), using a triple-beam balance for 
weight and the Penta-Pyncnometer for volume. Bulk-density val­
ues by 2-min GRAPE measurements and percentage of carbon­
ate composition by carbonate-bomb analyses (Muller and Gast-
ner, 1971) were also made on these samples. 

Thermal Conductivity 
Thermal-conductivity measurements were made on unlithi-

fied sediments from Cores 103-640A-1R through 103-640A-8R 
(145.4-222.5 m sub-bottom; Fig. 8A). Thermal conductivity in­
creases linearly with sub-bottom depth from 2.4 to 3.9 x I 0 - 3 

cal x °C _ 1 x c m - 1 x s _ 1 (calories/degree Celsius-centimeter-
second). 

Compressional Velocity 
Compressional seismic velocities were measured on sediments 

and sedimentary rocks from Cores 103-640A-1R through 103-
640A-8R (145.4-222.5 m sub-bottom; Fig. 8B). The two sam­
ples from lithologic Unit I (stiff brown mud; Core 103-640A-IR 
through Sample 103-640A-2R-2, 32 cm; 145.4-156.9 m sub-bot­
tom; see "Sediment Lithology" section, this chapter) average 
1.67 km/s. A single sample of clayey ooze from lithologic Unit 
II (Samples 103-640A-2R-2, 32 cm, through 103-640A-2R, CC; 
156.9-164.7 m sub-bottom) yields a seismic velocity of 1.65 km/s. 
Seismic velocities of four unlithified samples and one limestone 
sample were measured from lithologic Subunit IIIA (Core 103-
640A-3R through Sample 103-640A-5R-1, 4 cm; 164.7-184.4 m 
sub-bottom). The unlithified marl and clayey ooze yield veloci­
ties of 1.48-1.85 km/s; the limestone velocity is 3.3 km/s. Marl 
and sandstone from lithologic Subunit IIIB (Samples 103-640-
5R-1, 4 cm, through 103-640A-9R, CC; 184.4-232.2 m sub-bot­
tom) have seismic velocity ranges of 1.7-1.8 km/s and 3.5-5.7 
km/s, respectively. Although the number of samples from each 
lithologic unit is too small to show reliable trends with depth, 
examination of Figure 8B reveals a slight increase in seismic ve­
locity of unlithified sediment with depth. Values reported have a 
precision of ±0.02 km/s. 
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Figure 8. Physical-property measurements on sediments and sedimentary rocks from Hole 640A plotted against sub-bottom depth. Lithologic units 
as described in the "Sediment Lithology" section (this chapter) are indicated on the right side of the seismic-velocity column. A. Thermal-conductivi­
ty values (x I0 - 3 cal x °C~l x cm - 1 x s_1). B. Compressional seismic velocity (kilometers per second). Square data points indicate velocities 
measured in the plane of the core diameter and parallel to the cut face of the core (c-direction); triangular data points indicate velocities measured in 
the plane of the core diameter and perpendicular to the cut face of the core (b-direction), and dots indicate velocities measured perpendicular to the 
plane of the core diameter (a-direction). Cemented-rock data points (limestone and sandstone) are encircled. C. Bulk density (grams per cubic centi­
meter). D. Porosity (percent). E. Acoustic impedance (compressional velocity x bulk density; km x g/s x cm3). Data point symbols same as in B. 

The proportion of limestone and sandstone is difficult to es­
timate because of low core recovery; thus, its significance in 
generating a reflector is not clear. By tabulating the occurrence 
and velocity of lithified sediment from the shipboard visual core 
descriptions and assuming that unrecovered material consists of 
marl, we calculate an average seismic velocity of 1.80 km/s for 
lithologic Subunit IIIB. 

Index Properties 
Bulk density and porosity of the brown clay of lithologic 

Unit I (two samples) average 1.75 g/cm3 and 53%, respectively 
(Figs. 8C and 8D). The single sample from lithologic Unit II has 
a bulk density of 1.88 g/cm3 and a porosity of 71 %. Bulk densi­
ty and porosity of unlithified clayey ooze and marl from litho­
logic Subunit IIIA (five samples) average 1.9 g/cm3 and 55%, 
respectively, and bulk density and porosity of the single lime­
stone sample from Subunit IIIA (Sample 103-640A-3R-4, 12-14 
cm; 169.1 m sub-bottom) is 2.3 g/cm3 and 33%, respectively. 
Unlithified marl from Subunit IIIB (four samples) averages a 

bulk density of 2.0 g/cm3 and a porosity of 50%; lithified sand­
stone (three samples) averages a bulk density of 2.6 g/cm3 and a 
porosity of 8%. As with seismic velocity, the number of samples 
in any unit is too small to show trends with depth, but examina­
tion of Figures 8C and 8D indicates that unlithified sediments 
show an overall slight increase in bulk density and decrease in 
porosity. 

Figure 9 depicts bulk density plotted against compressional 
seismic velocity. The unlithified sediments show a slight increase 
in seismic velocity and bulk density with increasing depth; the 
cemented sandstone and limestone samples show a greater in­
crease in seismic velocity with increase in bulk density. 

Acoustic Impedances and Possible Reflectors 
There is no reason to expect a large or abrupt acoustic im­

pedance contrast between lithologic units at Site 640 until the 
occurrence of sandstone in lithologic Subunit IIIB (top of Sub-
unit IIIB is at 184.4 m sub-bottom). On the basis of Neogene-
ooze drill chippings at the top of Core 103-640A-1R and by 
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Figure 9. Bulk density (g/cm3) plotted against compressional seismic ve­
locity (km/s) for Hole 640A. The set of data points within area A corre­
sponds to unlithified sediments, which show a slight increase in seismic 
velocity and bulk density with greater depth. The set of data points in 
area B corresponds to cemented sandstone and limestone, which show a 
greater increase in seismic velocity with increase in bulk density. 

analogy with Sites 637, 638, and 639, where Neogene ooze over­
lies the undated brown mud, we assumed that Neogene ooze 
overlies lithologic Unit I at Site 640 and calculated a reflection 
coefficient for the interface of Neogene ooze and lithologic Unit 
I. If the material washed through was the Neogene calcareous 
ooze characterizing the surface sediment at other sites, it should 
have physical properties similar to those measured at the other 
sites. From Table 7 in the "Physical Properties" section of the 
Site 638 chapter (this volume), typical seismic-velocity, bulk-
density, and acoustic-impedance values of the regional Neogene 
ooze are 1.65 km/s, 2.00 g/cm3, and 3.30 km-g/s-cm3, respec­
tively. The brown mud of lithologic Unit I in Hole 640A has a 
typical seismic velocity, bulk density, and acoustic impedance of 
1.67 km/s, 1.75 g/cm3, and 2.92 km-g/s-cm3 (Fig. 8E). The re­
flection coefficient of the interface of these sediment types is 

0.061, which seems rather low to have generated the upper re­
flector in the regional seismic profile. 

Because the reflectivity between ooze and lithologic Unit I 
brown clay is small, we calculated the reflectivity (R) of the in­
terface between other lithologic units to explore other possible 
locations of the reflector interface, using the equation 

VplPbl ~ Vp2Pb2 
VplPbl + Vp2Pb2 

where Vp is compressional seismic velocity (km/s) and ph is bulk 
density (g/cm3). Table 7 lists average velocities, bulk densities, 
acoustic impedances (the product of compressional seismic ve­
locity and bulk density), and calculated reflectivity (R) between 
each of the lithologic units. 

None of the calculated reflectors is high, probably owing to 
an artifact of low recovery. At Site 640, material similar in age 
and lithology to that of Site 638 was recovered. Site 640 is more 
distant from terrigenous sediment sources than is Site 638; the 
lithologic unit comparable to Site 640 lithologic Subunit IIIB 
(Site 638 lithologic Subunit IIIB; Site 638 chapter, this volume) 
contains a more significant proportion of sandstone than was 
recovered at Site 640 and generated a strong reflector based on 
both calculations of physical properties and of logging. We sus­
pect that this lithologic Subunit IIIB is the site of the upper 
acoustic reflector at Site 640. 

Summary 
Thermal conductivity increases steadily with depth from 2.4 

to 3.9 x I0" 3 cal x "^C"1 x c m - 1 X s~l in Hole 640A. Mea­
sured seismic velocity increases slightly with depth from an aver­
age velocity of 1.67 km/s in lithologic Unit I to 1.80 km/s in 
lithologic Unit III. Bulk density also increases slightly from 
1.75 to 2.03 g/cm3, and porosity decreases, although not as 
steadily, from 53% in lithologic Unit I through 71% in litholog­
ic Unit II, 55% in Subunit IIIA, and 50% in Subunit IIIB. 

Physical properties and recovered proportions of different li-
thologies indicate that reflection coefficients between the litho­
logic units of Site 640 are rather low. We suspect that the materi­
al drilled but not recovered in Hole 640A includes sandstone in 
sufficient proportion in lithologic Subunit IIIB to generate the 
reflector observed in the seismic profile at this site. 

AGE-VS.-DEPTH CURVE 
The data on the biostratigraphic age of samples from Site 

640 are displayed on Figure 10, arranged according to their 
depths below the seafloor. No samples were obtained in the fos-
siliferous part of the Cenozoic rock, and the brown clay overly­
ing Aptian beds in Cores 103-640A-1R and 103-640A-2R is bar­
ren of fossils. The remaining fossiliferous part of the section is 
Early Cretaceous in age, but, as shown in Figure 10, the age 

Table 7. Average seismic velocity (Vp), bulk density (pb), and acoustic impedance (Vppb) of lithologic 
units of Hole 640A and calculated reflectivity (R) between lithologic units. 

Neogene oozea 

Unit I 
(brown clay) 

Unit II 
(clayey ooze) 

Subunit IIIA 
(Lower Cretaceous marlstone/ooze) 

Subunit IIIB 
(Lower Cretaceous marlstone, sandstone, limestone) 

Vp (km/s) 

1.65 
1.67 

1.65 

1.71 

1.80 

Pb (g/cm3) 

2.06 
1.88 

1.88 

1.90 

2.03 

V b 
3.30 
2.92 

3.10 

3.24 

3.65 

R 

0.061 ooze/I 
0.029 I/II 

0.022 II/IIIA 

0.060 IIIA/IIIB 

Neogene ooze was not recovered at Hole 640A but is interpreted to occur in the washed interval from 0-145.4 m 
sub-bottom, according to drilling results from other Leg 103 sites. 
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Figure 10. Age-vs.-depth curve, Site 640 (Hole 640A). Foraminiferal data are shown by solid lines, nannofossil data by dashed 
lines, and radiolarian data by a dash-circle line. 

ranges of the fossils are too large to allow reliable estimates of 
the rates of sedimentation or accumulation. 

SEISMIC STRATIGRAPHY 
Site 640 is on the top of a ridge in an area where the S reflec­

tor is both strong and continuous (see "Background and Objec­
tives" section, this chapter) but where the seismic units between 
S and the reflector identified as being the mid-Cretaceous break­
up unconformity show little coherence of internal reflectors. 
The Neogene cover over the ridge is thin; 200 ms of two-way 
traveltime was recorded on both the multichannel seismic line 
and on the seismic line from the JOIDES Resolution during the 
site survey. Lower Cretaceous marl, assumed to be the top of the 
acoustically incoherent unit, was reached about 165 m below 
the seafloor, implying a seismic velocity in the underlying sedi­
ment of 1.6 km/s, coinciding well with the velocity measured on 
core samples (see "Physical Properties" section, this chapter). 

The main result of drilling at Site 640 was to identify the up­
permost part of the acoustically incoherent unit as being Lower 
Cretaceous marlstone, siltstone, and sandstone much like sedi­
ments drilled at Site 638. Comparison of the seismic stratigra­

phy at Sites 640 and 638 shows one difference and one similarity 
of great importance: 

1. The difference: Lower Cretaceous syn-rift sediments are 
well layered on seismic profiles at Site 638 but nearly incoherent 
at Site 640 (Fig. 11). Although the cores from Site 640 show no 
greater degree of slumping and faulting than those from Site 
638, we assume that, on the average, the syn-rift sequence is 
more broken and disturbed at Site 640 than at Site 638. 

2. The similarity: At both sites, syn-rift Cretaceous sedi­
ments rest on a strong and continuous reflector. At Site 638, the 
reflector is identified as being the top of dolomite and/or Titho-
nian limestone. In the basin east of Site 638, in the deeper part 
of the half graben, the thickness of the syn-rift sequence is 
about 3 km, assuming a seismic velocity of 3.5 km/s. At Site 
640, the thickness of the diffracting layer resting upon the S re­
flector is also 3 km, assuming the same velocity. Thus, the S re­
flector is in a position analogous to the strong reflector at the 
top of the carbonates at Sites 638 and 639 and is tentatively cor­
related either with the top of carbonates or with crystalline base­
ment. In any case, the result of drilling at Site 640 may preclude 
the previous interpretation that the S reflector marks the duc-
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Figure 11. A. Sea Beam map (courtesy of J. C. Sibuet). Locations of Site 640, of the seismic line shown in B, and of seismic line shown 
in Figure 15 are shown. B. IFP seismic line GP-102B1 (courtesy of L. Montadert) and location of Site 640. S = reflector S, assumed to be 
collapsed by two normal faults. 

tile/brittle boundary in the continental crust (see "Background 
and Objectives" section, this chapter). 

The broad undulations in the S reflector persist when we 
draw a cross section using a velocity of 1.7 km/s for post-rift 
and 3.5 km/s for syn-rift strata. The steep limbs of the reflector 
undulations may be the result of normal faults that offset pre-
rift rocks (Fig. 11). 

Drilling at Site 640 also investigated the break-up uncon­
formity. At Site 398 (Leg 47B), near Vigo Seamount, this un­
conformity is probably latest Aptian in age (Sibuet, Ryan, et 
al., 1979). At Site 640, lower Aptian marlstone is included in the 
sequence below the break-up unconformity, which is therefore 
necessarily younger. The data from the two sites, thus, agree 
well. 

SUMMARY A N D CONCLUSIONS 

Objectives at Site 640 
Drilling at Site 640 was mainly to gain an understanding of 

not only the sedimentary and tectonic history of Galicia mar­

gin, in particular, but also the mechanisms of formation of pas­
sive continental margins, in general. We questioned whether the 
deep and strong reflector—the S reflector—seen on multichan­
nel seismic-reflection profiles that cross the foot of Galicia mar­
gin is, as proposed by Montadert et al. (1979) for the Armori-
can margin and extended by Chenet et al. (1982) to the Galicia 
margin, the boundary surface created within the continental, si-
alic crystalline basement during Cretaceous thinning of the crust 
between an upper crust that was brittle and deformed by fault­
ing and a lower crust that was ductile and deformed more plasti­
cally. The alternative hypothesis is that the S reflector is not 
within the basement but is either at the top of a high-impedance 
sedimentary layer, e.g., carbonate rocks, or is at the top of crys­
talline basement. 

The resemblance between seismic profiles of the Amorican 
and Galicia margins is striking (Fig. 12). In both places, a ridge 
composed of a vaguely layered, acoustically complex seismic 
unit, ranging from about 0.5 to 1.5 s in thickness, rests on a 
strong, smooth, and continuous reflector. The acoustically com­
plex layer is overlain by the distinctive, acoustically transparent 
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Figure 12. A. Multichannel seismic-reflection profile IFP GP-102B1, from shotpoints 1470 to 1900. Site 640 is near this line. 1, 2, 3: post-rift sedi­
ments; 3: post-Aptian black shale; 4: syn-rift, Lower Cretaceous sediments. S: S reflector. Courtesy of L. Montadert. B. Multichannel seismic profile 
IFP-CNEXO-CEPM OC 412 across Hole 400A on the Armorican margin on the northeast side of the Bay of Biscay. The original caption of this fig­
ure (fig. 4 in Montadert et al., 1979) identifies the units as la-lb = post-Eocene Cenozoic, 2 = Upper Cretaceous to Eocene, 3 = Aptian/Albian, 4 
= syn-rift sediments, and B = pre-rift sediments. 

post-rift black shale. Montadert et al. (1979) and Chenet et al. 
(1982), interpreted the acoustically complex unit as being pre-
rift sedimentary strata of Early Cretaceous and older ages. Our 
finding, however, at Site 638 of a great thickness of Lower Cre­
taceous syn-rift sediments above the strong reflector identified 
at Site 639 as the top of the Upper Jurassic/lowest Cretaceous 
carbonate platform indicates that drilling at Site 640 could pro­
vide a test of the two hypotheses, that is, whether the acousti­
cally complex unit above the strong reflector consists of pre-rift 
or syn-rift sediments. 

Stratigraphy of Sequence Cored at Site 640 

The lithology, biostratigraphy, and key physical properties of 
the section cored at Site 640 appear in graphic form in Figure 
13. The following discussion summarizes the salient features of 
the sequence, from oldest to youngest. 

Lower Cretaceous Strata (Lithologic Units II and III) 
A thickness of about 48 m of sandstone-claystone-marlstone 

turbidites of Hauterivian age occurs in the lowest interval cored 
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at Site 640 and passes upward into about 28 m of marlstone and 
clayey ooze of Hauterivian, Barremian, and early Aptian age. 
The sandy turbidite sequence is similar to the Hauterivian and 
Valanginian turbidite sequence at Site 638 in bedding style, sedi­
mentary structures, mineralogy, cementation, and abundance of 
resedimented terrestrial plant debris. The overlying marlstone 
and claystone are likewise similar in lithology to the Hauterivi­
an, Barremian, and lower Aptian beds cored at Site 638. The 
difference between the sequences at the two sites is that at Site 
640 the sandstone beds may occur at slightly younger levels than 
does the bulk of the sandstone at Site 638. 

Cretaceous and Paleogene Brown Clay (Lithologic Unit I) 
Brown clay rests directly on lower Aptian marlstone, but the 

upper limit of this unit is in the washed interval above the top of 
the first core. Minimum thickness is 11.5 m. The clay has vague, 
diffuse banding and is somewhat mottled in shades of yellowish 
and pale brown. Small dark spots of iron/manganese oxide dot 
the clay everywhere. The clay contains no calcium carbonate. 

The clay resembles the brown clay cored between the peri­
dotite and Neogene ooze at Site 637 and the brown clay sampled 
between the dolomite and Neogene ooze at Hole 639C. The age 
of these clay intervals is only loosely constrained by the presence 
of ichthyoliths; ichthyoliths at this site are assigned by P. Doyle 
(pers. comm., 1985) to the Paleocene (at 147 m) and the Creta­
ceous (at 157 m). 

As shown in Figure 14, comparable unfossiliferous brown 
clay occurs at several other drill sites in the North Atlantic, 
where the dating of overlying and underlying beds constrains 
the age as being probably Paleogene and possibly late Paleocene 
to Eocene, a time when the regional CCD was probably at a rel­
atively shallow depth (Laughton, Berggren, et al., 1972; Sibuet, 
Ryan, et al., 1979). 

Neogene Sediments 
No cores were taken in the upper sediments at Site 640 be­

cause the upper Neogene had been continuously cored at Site 
637. The physiography of the layers seen on the seismic profile 
(Fig. 3) suggests that they are mainly distal turbidites, as at Site 
637. 

Discussion 
The discovery of Lower Cretaceous turbidite sandstone, marl­

stone, and claystone similar to the strata that constitute the syn-
rift sequence at Site 638, viewed in the context of the features 
seen on the multichannel seismic-reflection profile across the 
area of Site 640, suggests that the acoustically incoherent unit 
above the S reflector at least partly consists of a thick sequence 
of syn-rift turbidites. Study of the seismic profile (Fig. 3) reveals 
that between S and the break-up unconformity at the base of 
seismic unit 3, two units exist: an upper, fairly well-stratified 
unit, labeled unit 4 on Fig. 3, and a lower, poorly stratified, 

Brown clay interval 

Age range of ichthyoliths. Leg 103 sites 

Figure 14. Occurrences of brown clay at North Atlantic DSDP and ODP drill sites. 
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complex unit that lies immediately beneath the Cenozoic east of 
Site 640. Within the lower unit, intermittent reflectors are pres­
ent, but only near the west end of the profile in Fig. 3 are these 
reflections consistently traceable over distances of more than 
about 1 km. 

Another multichannel seismic profile (Fig. 15) along a line 
parallel to the profile through Site 640 and about 9 km north of 
the site shows the S reflector and the layering in the overlying 
sediments. Syn-rift beds beneath the two buried hills dip east, 
and the dip appears to increase eastward. The S reflector, espe­
cially beneath the eastern side of the eastern buried hill, appears 
to dip more gently than does the overlying strata, possibly be­
cause the reflector may be, at least locally, a low-angle detach­
ment surface separating the syn-rift sequence from underlying 
carbonates and basement. The undulating form of the S reflec­
tor on this profile is partly due to the velocity "turn-down" ef­
fects of the post-rift sediments in the troughs between buried 
hills. 

One of the characteristic features of the S reflector is its 
smoothness, i.e., its lack of local relief. This contrasts with the 
form of the reflection at the top of the carbonate platform, e.g., 
on the seismic line that passes near Sites 638, 639, and 641 (Fig. 
16). There, and on all the profiles that cross the two half gra-
bens where dredging indicates that carbonate-platform rocks un­
derlie the syn-rift sediments, the reflector at the top of the car­
bonate strata shows a small-scale roughness distinctively differ­
ent from the smooth surface shown by the S reflector. 

The combined evidence from drilling and seismic data sug­
gests that the S reflector may be overlain by a thick sequence of 
Lower Cretaceous syn-rift sediments. Even though the reflector 
would thus be at the level of the top of the carbonate platform, 
or perhaps of the crystalline basement, its smooth form sug­
gests that it may be a low-angle detachment fault developed 
along the former depositional contact. 
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Figure 15. Multichannel seismic line GP-12, from shotpoints 300 to 700. The line is about 9 km north of Site 640, and the higher of the two buried 
hills is along the same ridge on which Site 640 is located. Note the smooth form of the strong reflector between 8 and 9 s of two-way reflection time. 
Courtesy of L. Montadert. Location of profile is shown in Figure 11A. 
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LITH0L0GIC DESCRIPTION 

BROWN CLAY 

The core consists of pale brown (10YR6/3, 10YR7/4) and yellowish 
brown (10YR3.5/2) clay, faintly mottled and with diffuse banding. 
Very dark gray (10YR3/1) spots 0.1-0.6 cm across, rich in organic 
matter or Fe/Mn oxide occur throughout. The top 35 cm of the core 
are cavings and drilling slurry incorporating fragments of clay and 
white marl. 

SMEAR SLIDE SUMMARY (%): 

1,15 1,26 1,48 1,56 1,119 CC 
M M D D D D 

TEXTURE: 

Silt 10 40 2 13 10 2 
Clay 90 60 98 87 90 98 

COMPOSITION: 

Quartz 15 - 2 4 - -
Mica 4 — — — — — 
Clay 90 25 94 87 95 95 
Volcanic Glass — — Tr — — — 
Calcite/Dolomite 1 - 4 5 - 1 
Accessory Minerals Tr — Tr 3 5 4 
Foraminifers — 5 — — — — 
Nannofossils — 70 Tr — — 1 
Fish Remains — — Tr — — — 
Organic matter — — — 2 — — 

PHYSICAL PROPERTIES DATA: 

1,60 1,61 

Vp(c) - 1.64 
Pb - 1.62 
Tc 2.43 
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LITHOLOGIC DESCRIPTION 

BROWN CLAYSTONE and CLAYEY NANNO OOZE. 

The core consists of faintly banded, f i rm, brown (10YR4/2) clay 
or claystone overlying f i rm, greenish white (5Y8/1) clayey nanno 
ooze or chalk. The two lithologies are separated by a 15 cm band 
of olive gray (5Y7/2) clay with many blue-black laminae and streaks 
in the upper 10 cm and limonitic yellow patches up to 0.5 cm 
across. The brown clay has mottled appearance with many darker 
patches, but no clear burrowing or lamination. The white chalk 
is faintly laminated. The color of the ooze grades into olive yellow 
(2.5Y6/6) marl in the CC. 

SMEAR SLIDE SUMMARY (%): 

1,77 2,37 2,44 2,55 CC,27 CC 
D M D D M D 

TEXTURE: 

Silt 2 
Clay 100 100 100 100 98 100 

COMPOSITION: 

Quartz Tr - Tr - Tr -
Feldspar — — — — Tr — 
Mica Tr - Tr - Tr -
Clay 89 99 85 <10 87 
Calcite/Dolomite 5 Tr 15 60 - 85 
Accessory Minerals 5 — Tr Tr Tr — 

Fe/Mn Oxide - 1 - - - -
Foraminifers — Tr — Tr — — 
Nannofossils - - - 30 10 15 

PHYSICAL PROPERTIES DATA: 

1,50 1,101 CC,19 CC,20 

Vp(c) - 1.70 1.65 
pb - 1.87 1.88 
Tc 2.61 - - 2.80 
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LITH0L0GIC DESCRIPTION 

GRAY MARL/CLAY TURBIDITES and WHITE CLAYEY OOZE. 

The top 3 cm of the core is nanno chalk. This is underlain by dark 
gray (5Y5/1) calcareous clay and marl, and white (5G7/1 and 5G 
8/1), clayey ooze to chalk. The marl and clayey ooze alternate at 
intervals of 50 to 100 cm. In some cases the dark gray marl layers 
have sharp bases and gradational tops; in others both upper and 
lower boundaries are gradational. The beds are finely, though 
faintly, laminated and contain abundant plant debris, including 
some wood fragments. They thus represent increased terrigenous 
input both as distal turbidites and by nepheloid transport. The 
clayey ooze layers (pelagic intervals) are massive and faintly mottled. 
They consist largely of recrystallized carbonate with some nanno­
fossils including nannoconids. Some beds contain intervals which 
are darker in color and more clay-rich. The chalk has been lithified 
to gray clayey limestone at Section 1, 110-120 cm and 146-148 cm. 
and a limestone pebble occurs at the bottom of Section 4. 

SMEAR SLIDE SUMMARY (%): 

1,116 1,137 2,88 2,125 3,133 4,10 
D D D D D D 

TEXTURE: 

Silt 10 20 
Clay 90 80 100 100 100 0 

COMPOSITION: 

Quartz and Feldspar — 1 — — — Tr 
Mica - 1 - - - -
Clay - 40 75 40 65 15 
Calcite/Dolomite 90 - — - Tr -
Accessory Minerals — — — — 10 — 

Pyrite — 5 Tr Tr - — 
Nannofossils 10 50 25 60 25 5 
Radiolarians - — - Tr — 20* 
Sponge Spicules — — Tr — — — 
Fish Remains — — — — — Tr 
Plant Debris - 5 - - - -
Micrite _ _ _ _ _ 60 

"Calcite replaced. 

PHYSICAL PROPERTIES DATA: 

1.50 1,141 2,139 3,50 3,141 4,13 

Vp (a) - 1.48 1.75 - 1.66 3.31 
pb - 1.76 1.92 - 1.86 2.28 
Tc 2.84 - - 2.55 
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LITHOLOGIC DESCRIPTION 

GRAY MARL (STONE) and LIMESTONE. 

The core consists of light gray (5Y8/1), medium gray (5Y7/1) 
and dark gray (5Y5/1) firm marl or marlstone, apparently inter­
bedded, though all the contacts are probably drilling contacts. 
Clayey limestones occur in Section 1 at 34-42 cm, 70-80 cm, and 
130-137 cm. A piece of wood 1.5 x 0.5 x 5 cm was found in Section 
1 at 120 cm. 

SMEAR SLIDE SUMMARY (%): 

1,12 1,23 2,14 
D D D 

TEXTURE: 

Silt 10 
Clay 90 100 100 

COMPOSITION: 

Quartz — Tr — 
Clay 50 40 32 
Calcite/Dolomite — 25 35 
Accessory Minerals Tr Tr 3 
Nannofossils 40 30 30 
Sponge Spicules < 2 — — 
Plant Debris 5 5 -

PHYSICAL PROPERTIES DATA: 

1,16 1,70 CC,6 

Vp (a) - - 1.85 
pb 1.79 - 2.01 
Tc - 3.04 
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LITH0L0GIC DESCRIPTION 

NANNOFOSSIL CHALK and MARLSTONE. 

The core consists of medium gray (5Y6/1) nannofossil chalk and 
dark gray (5Y4/1) marlstone. 

SMEAR SLIDE SUMMARY (%): 

1,18 
D 

TEXTURE: 

Silt 5 
Clay 95 

COMPOSITION: 

Clay 48 
Calcite/Dolomite Tr 
Accessory Minerals 1 
Nannofossils 45 
Plant Debris 5 

PHYSICAL PROPERTIES DATA: 

CC,5 

Vp (a) 1.60 
pb 1.82 
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LITHOLOGIC DESCRIPTION 

SILTY CLAY MICROTURBIDITES and LIMESTONE. 

The core consists of interbedded calcareous clay and silty calcareous 
clay. Interbedding is on the scale of 0.1 to 3 cm. Each bed is 
normally graded from dark gray (5Y4/1) silty calcareous clay, rich 
in mica and plant debris, up into lighter gray (5Y5/1) calcareous 
clay. The lower part of each interval commonly shows parallel 
lamination. Several thin ( 1 cm) marl interbeds occur. The whole 
section is badly fractured and disturbed either by drilling or by 
natural slumping. 

Light gray, structureless clayey limestone occurs at the bottom of 
Section 1 and in the CC. 

SMEAR SLIDE SUMMARY (%): 

1,48 1,93 1,136 
D M D 

TEXTURE: 

Silt 11 
Clay 89 100 -

COMPOSITION: 

Quartz 11 - 1 
Mica — Tr — 
Clay 60 73 -
Calcite/Dolomite Tr 7 — 
Accessory Minerals Tr Tr — 
Nannofossils 25 20 — 
Fish Remains — Tr — 
Plant Debris 4 — -
Microspar — — 89 
Micrite — — 10 

PHYSICAL PROPERTIES DATA: 

1,49 1,60 1,132 

Vp (a) 1.69 - 3.48 
Vp (b) - - 3.55 
Vp (c) - - 3.55 
pb 1.89 - 2.49 
Tc - 3.16 
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LITHOLOGIC DESCRIPTION 

SANDSTONE and MARL. 

The core consists of sandstone, calcareous clay and marl. The 
sandstone is brownish gray (10YR6/1), medium grained, with 
forams, carbonate intraclasts, biotite, coalified plant debris, feldspar, 
etc. It is calcite cemented and cut by calcite veins. The calcareous 
clay and marl are interbedded and medium gray (5Y5/1), dark gray 
(5Y4/1) and greenish gray in color. The bedding planes are highly 
contorted and the sediment deformation is magnified by drilling 
disturbance. The core has the appearance of a slump. 

THIN SECTION SUMMARY (%): 

2,6-9 
D 

TEXTURE: 

Sand 95 
Silt 5 

COMPOSITION: 

Quartz 40 
Feldspar 35 
Rock Fragments 5 
Mica 1 
Cement 15 
Accessory Minerals: 

Opaques 1 
Bioclasts 3 

PHYSICAL PROPERTIES DATA: 

1,21 1,71 1,85 CC,7 

Vp (a) 5.34 - 1.82 3.76 
Vp (b) 5.66 - - 4.43 
Vp (c) 5.57 - - 4.33 
pb 2.65 - 2.00 2.55 
Tc - 3.33 
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LITHOLOGIC DESCRIPTION 

SANDY TURBIDITES. 

The core consists of three interbedded iithologies: (1) gray (5Y6/1) 
marlstone; (2) dark gray (5Y3/1) calcareous claystone; (3) dark 
gray (5Y5/1) fine silt- to fine sandstone. The fine sandstones show 
faint lamination and normally graded bedding (Tb, Td-e). 

Pyrite nodules occur in several places, e.g. Section 1, 0-2 cm. 

PHYSICAL PROPERTIES DATA: 

1,39 1,43 

Vp (a) 1.80 
pb 2.01 
Tc -- 3.92 

S I T E 6 4 0 HOLE A CORE 9 R CORED INTERVAL 5 4 1 3 . 0 - 5 4 2 2 . 7 m b s l ; 2 2 2 . 5 - 2 3 2 . 2 m b s f 

BIOSTRAT. ZONE/ 
FOSSIL CHARACTER 

GRAPHIC 
LITHOLOGY 

LITHOLOGIC DESCRIPTION 

A LIMESTONE and SANDSTONE. 

The core consists of a fragment of light gray (2.5Y7/0) clayey 
limestone overlying three pieces of coarse gray (N4, N5) sandstone, 
faintly laminated and graded from very coarse to fine sand size. 

THIN SECTION SUMMARY (%): 

1,18-20 
D 

TEXTURE: 

Sand 
Silt 

COMPOSITION: 

98 
2 

Quartz 
Feldspar 
Calcite 
Foraminifers 
Bioclasts 
Oncolites 
Micrite Lithoclasts 

30 
17 
45 
Tr 

1 
1 
1 
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