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INTRODUCTION 

Galicia margin, northwest of the Iberian Peninsula (Fig. 1), 
is a starved passive ocean margin with only a thin (0-4 km) sedi­
mentary cover above acoustic basement. Seismic and bathymet­
ric studies and dredge hauls reveal many of the features consid­
ered typical of passive ocean margins (Montadert et al., 1974, 
1979; Groupe Galice, 1979; Boillot et al., 1979, 1980). Rift 
structures, apparent on seismic profiles, control the present-day 
morphology (Laughton et al., 1975; Vanney et al., 1979; Lalle-
mand et al., 1985; Sibuet et al., this volume). The continental 
basement is broken by normal, possibly listric, faults into nar­
row (10-20 km), elongate (60-100 km) tilted blocks trending 
north and dipping gently east, forming a series of half grabens. 
On the western, uplifted side of some blocks, basement and 
possibly pre-rift sedimentary rocks crop out (Dupeuble et al., 
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this volume). These conditions made this an attractive margin 
for drilling on Ocean Drilling Program (ODP) Leg 103 because 
we thought that the basement and the oldest sedimentary strata 
were within drilling reach of the JOIDES Resolution. We ex­
pected the results of coring and logging here to elucidate the his­
tory of rifting, subsidence, and sedimentation on this margin 
and the relation of these processes to the initiation and progres­
sive opening of the adjacent North Atlantic. We also hoped to 
gain information on the transition between continental and oce­
anic crusts and on the evolution of the more thickly sedimented, 
and hence less accessible, conjugate margin of North America. 

The first scientific drilling on the Iberian margin took place 
in 1976, when the GLOMAR Challenger drilled Site 398 near 
Vigo Seamount, off northern Portugal, during Deep Sea Drill­
ing Project (DSDP) Leg 47B (Sibuet, Ryan, et al., 1979). Cor­
ing penetrated 1750 m of Cenozoic and Cretaceous sediments. 
The sequence comprised both sediments deposited during rift­
ing (syn-rift) and sediments deposited subsequently during sea­
floor spreading (post-rift). Pre-rift sedimentary and basement 
rocks and the deeper parts of the syn-rift sequence, seen on seis­
mic profiles, were not penetrated. A major result of Site 398 
drilling was the dating of the boundary, or "break-up uncon­
formity," separating late Aptian, syn-rift, and lower Albian, post-
rift, strata. 

ODP Leg 103, which began on 25 April 1985 in Ponta Delga-
da, Azores, and ended in Bremerhaven, Federal Republic of Ger­
many, on 19 June 1985, drilled five sites (Table 1). Three of these 
(Sites 638, 639, and 641) extended the results of DSDP Leg 47B 
through the syn- and possibly pre-rift strata by drilling and cor­
ing through 1200 m of Lower Cretaceous (Albian-Valanginian) 
to Upper Jurassic (Tithonian) rocks to the top of basement rock 
on the deep western edge of the margin. At Site 637 near the 
boundary between oceanic and continental crusts, coring recov­
ered upper-mantle peridotite. Additionally, Site 640 was drilled 
on the summit of the ridge closest to the transition between con­
tinental and oceanic crusts, over a deep reflector widely thought 
to represent the ductile/brittle continental-crust boundary, into 
which listric faults are rooted. 

Despite our pre-cruise optimism, drilling on Galicia margin 
proved to be a technical challenge. A series of operational diffi­
culties, caused largely by the nature of the rocks through which 
we were attempting to drill, thwarted all attempts at deep pene­
tration. Site 639, for example, consists of a series of six short 
holes, which sampled different stratigraphic levels in the same 
sequence exposed at the edge of a fault block. Nevertheless, 
with the aid of seismic profiles, the results of Leg 103 can be as­
sembled into a composite stratigraphic sequence, which permits 
us to answer the major scientific questions about the character 
of the basement rock and the history of the margin. 

In this chapter, we first describe the regional setting of the 
Galicia margin region. We then discuss specific Leg 103 drilling 
objectives and finally present a summary of the results from the 
cruise. More detailed site results are given in the site chapters 
(this volume). 
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Figure 1. Atlantic margins of Iberia and adjacent abyssal plains. The area shown in Figure 2 is outlined. Contours in meters; contour interval, 500 m. 
V = Vigo Seamount; P = Porto Seamount. From Laughton et al. (1975). 

Table 1. Summary of Leg 103 drilling. 

Hole Dates (1985) Latitude Longitude 
Water 
depth3 Penetration 

Average 
No. of Meters Meters percentage 
cores cored recovered recovered 

637A 
638A 
638B 
638C 
639A 
639B 
639C 
639D 
639E 
639F 
640A 
641A 
641B 
641C 

28 Apr-4 May 
5 May-6 May 
6 May-12 May 

12 May-23 May 
23 May-25 May 
26 May-27 May 
27 May-27 May 
27 May-3 Jun 

6 Jun-7 Jun 
7 Jun-8 Jun 
4 Jun-6 Jun 
8 Jun-10 Jun 

10 Jun-11 Jun 
11 Jun-15 Jun 

42°05.3'N 
42°09.2'N 
42°09.2'N 
42°09.2'N 
42°08.6'N 
42°08.6'N 
42°08.6'N 
42°08.6'N 
42°08.6'N 
42°08.6'N 
42°00.7'N 
42°09.3'N 
42°09.3'N 
42°09.3'N 

12°51.8'W 
12°11.8'W 
12°11.8'W 
12°11.8'W 
12°14.9'W 
12°15.0'W 
12°15.1'W 
12°15.3'W 
12°15.4'W 
12°15.5'W 
12°27.8'W 
12°10.9'W 
12°10.9'W 
12°10.9'W 

5307 
4661 
4661 
4661 
4720 
4735 
4756 
4748 
4754 
4754 
5196 
4636 
4639 
4640 

285.6 
44.0 

431.1 
547.2 
89.8 
80.0 
99.8 

293.1 
234.9 
250.8 
232.2 

63.6 
35.0 

305.2 

30 
none 
45 
14 
10 
4 
2 

13 
4 
2 
9 
7 

none 
16 

285.6 
0.0 

431.1 
135.3 
89.9 
80.0 
21.8 

115.5 
35.5 
13.0 
86.8 
63.6 

0.0 
154.3 

91.2 
0.0 

210.5 
37.7 
35.43 
12.6 
4.8 

24.15 
1.8 
1.03 

15.6 
40.34 
0.0 

112.52 

32 
00 
49 
28 
39 
16 
22 
21 
5 
8 

18 
63.4 
00 
72.9 

Sea level; corrected m, echo-sounding. 

REGIONAL BACKGROUND 
Bathymetry and Morphology 

The northern Iberian continental margin (Fig. 1) is morpho­
logically complex and anomalous (Fig. 2). The province of Gali-
cia, Spain, is bordered to the west by a narrow (30-km) shelf ad­

jacent to a wide and deep, U-shaped offshore trough (350 km 
long, 100 km wide, and 3-4 km deep). Farther seaward, several 
marginal plateaus form a discontinuous barrier between the ba­
sin and the Iberian Abyssal Plain. These plateaus, from north to 
south, include Galicia (summit at 600 m depth), Vigo 
(2100 m), Vasco da Gama (1750 m), and Porto (2200 m) (Ber-
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Figure 2. Bathymetry of the continental margin northwest of the Iberian Peninsula. Contours in meters; contour 
interval, 200 m. The area shown in Figure 3 is outlined, and location of DSDP Site 398 is shown. From Vanney et 
al. (1979). 

thois et al., 1965; Laughton et al., 1975; Vanney et al., 1979; 
Roberts and Kidd, 1984; Mougenot et al., 1984, 1986; Lalle-
mandet al., 1985). 

Several different interpretations have been applied to these 
plateaus. According to Montadert et al. (1974), they are horsts 
inherited from Mesozoic rifting of the margin. Mauffret et al. 
(1978) and Boillot et al. (1979), on the other hand, argued that 
the relief results from Eocene tectonic movements. Actually, the 
plateaus are Mesozoic tilted blocks and grabens that were reacti­
vated and uplifted by early Cenozoic Pyrenean tectonics, except 
Vigo Seamount, which is an uplifted inverted basin (Mougenot 
et al., 1984). 

Although the sites chosen for drilling during Leg 103 are in 
an area that appears to be relatively unaffected by Cenozoic de­
formation, the bathymetric relief is nonetheless strong (Fig. 3). 
The main ridges and steps trend north, but there is a secondary 
trend of about N60°E. This morphology is fault controlled and 
reflects the underlying structure: the north-trending ridges and 
their accompanying seaward-facing scarps are the upper edges 
of tilted fault blocks formed by Early Cretaceous rifting, where­
as the scarps trending northeast are probably controlled by oblique 

faults. These structures are clearly delineated in the bathymetry 
along the western Galicia margin because it is a starved margin 
that is covered only thinly by post-rift sediments. 

Magnetic Anomalies and Plate Kinematics 
Seaward of the Galicia and the conjugate Newfoundland mar­

gins, the oldest recognizable magnetic anomaly is the J, or MO, 
anomaly (late Aptian, 110 Ma) (Fig. 4). Because this anomaly 
can be clearly traced northward to only about 41°30'N, it may 
be that the oldest oceanic crust adjacent to western Galicia mar­
gin is slightly younger than 110 Ma. Certainly, this crust is with­
in the Cretaceous magnetic quiet zone (Kristoffersen, 1978; 
Groupe Galice, 1979; Sibuet and Ryan, 1979; Olivet et al., 
1984; Klitgord and Schouten, in press; Schouten et al., in press). 

Seafloor spreading opened the Bay of Biscay from early Al-
bian to about Santonian time (approximately 105-80 Ma), and, 
at the end of this epoch of spreading, the Bay was somewhat 
wider than it is today (Olivet, 1978). Later, during the Paleocene 
and Eocene, convergence between the Iberian and European 
plates resulted in crustal shortening and uplift along the north 
Spanish margin, extending as far west as Galicia Bank (Gri-
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Figure 3. Detailed bathymetry of the west-central part of the Galicia margin, constructed from Sea Beam data collected during the Seagal cruise of R/V Jean Charcot. After Sibuet et al. (this 
volume). 
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maud et al., 1982) (Fig. 4). The complex morphology of parts 
of western Galicia margin results partly from these Pyrenean 
events. 

Structure of the Margin 
The rift structures of the margin, beneath the post-rift sedi­

mentary cover, appear clearly on seismic records (Montadert et 
al., 1974, 1979; Chenet et al., 1982; Sibuet et al., this volume). 
According to the interpretation of Boillot (1986), the north-trend­
ing listric faults and elongate tilted blocks are offset by north­
east-trending transverse faults, acting as normal to normal trans­
form faults during rifting (Fig. 5). The distance between blocks 
ranges from 12 to 20 km, increasing westward in the direction of 

50° 

45° 

40° 

Figure 4. Eocene plate boundary and magnetic anomalies in the north­
east Atlantic. The shaded area represents the reconstructed position of 
Iberia when anomaly 33 was formed. Arrow in northern Spain indicates 
direction of motion of Iberia with respect to Europe during Paleocene 
and Eocene time. G.B. = Galicia Bank; K.T. = King's Trough; A.B.R. 
= Azores-Biscay Rise. Leg 103 drilling area is outlined. Bathymetric 
contours in meters. Modified from Grimaud et al. (1982); magnetic 
anomalies from Kristoffersen (1978). 

42°30-

42°00'-

0 20 km 

Listric fault 
Tilted block 
>2-km basin 

13°00' 12°00' 

Figure 5. Simplified and interpretative structural map of the west-cen­
tral part of the Galicia margin. For general location, see Figure 2. Inter­
pretation from Boillot (1986). 

deeper water and of probable thinner crust (Fig. 6). Outcrops of 
acoustic basement tend to occur along scarps of normal north-
south faults and of possible transverse faults, and the half gra-
bens contain the maximum thickness of the sediments (approxi­
mately 3 km). 

The deeper part of the margin, 50 km wide, slopes gently to 
the west, from 4800 to 5300 m (Fig. 2). This part of the margin 
is characterized by a deep, strong and almost continuous reflec­
tor beneath the "acoustic basement" (Fig. 6), labeled S by Mont­
adert et al. (1979). The S reflector, between 1.5 and 3 s (two-way 
traveltime) below the seafloor, was interpreted by de Charpal et 
al. (1978), 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 normal faults root. This inter­
pretation implies that the upper part of the acoustic basement 
consists of several tilted crustal blocks, one of which constitutes 
the north-trending ridge near the 12°30'W meridian (Fig. 3). 
According to this interpretation, the acoustic basement above 
the S reflector should be continental basement and/or pre-rift 
sediments. 

Ocean/Continent Transition 
Near the foot of the continental margin and approximately 

in line with magnetic anomaly M0 is a ridge of basement rocks 
that trends north nearly along the 13°W meridian (Fig. 5). This 
ridge is buried beneath sediments along much of its extent but 
crops out locally at Hill 5100 (Fig. 3). Dredging along the west 
side of Hill 5100 recovered a large sample of serpentinized peri­
dotite derived from the upper mantle (Boillot et al., 1980). Per­
haps because of the serpentinization of the peridotite, the ridge 
shows no peculiar magnetic or gravimetric signature (Guennoc 
et al., 1979; Lalaut et al., 1981). 

The ridge of basement rocks that crops out at Hill 5100 is be­
tween the Iberian Abyssal Plain to the west, where all available 
geophysical data indicate a typical oceanic crust (Grau et al., 
1973), and the lower part of western Galicia margin to the east, 
where seismic profiling shows probable tilted blocks, i.e., rift 
structures resulting from stretching of the continental crust. The 
ridge where peridotite crops out is near the boundary between 
oceanic and continental crust. According to Boillot et al. (1980), 
this ridge may be the result of serpentinite diapirism and tecton­
ic denudation of the mantle rocks along the rift axis of the mar­
gin just before seafloor spreading started between Galicia and 
Newfoundland. 

Stratigraphy and Seismic Correlations 
One site on the northwest Iberian margin (Site 398) was drilled 

during DSDP Leg 47B in 1976 (Sibuet, Ryan, et al., 1979, 1980). 
At this site, nearly the whole post-rift section (uppermost Apti-
an-Holocene) and a part of the syn-rift sediments (Hauterivian-
upper Aptian) were recovered as cores. The drill neither reached 
the base of the syn-rift section nor sampled the pre-rift strata or 
crystalline basement rock (Fig. 7). 

Basement rock and overlying pre-rift sediments have been 
sampled only by dredges (Black et al., 1964; Dupeuble et al., 
1976; Boillot et al., 1979; Mougenot et al., 1985), which recov­
ered (1) shallow-water platform carbonates of Late Jurassic to 
earliest Cretaceous age, locally interbedded or capped by mi­
crite with calpionellids (Dupeuble et al., this volume), (2) unfos-
siliferous red sandstone, lithologically similar to Triassic conti­
nental sediments in the Portugal Basin, and (3) metamorphic or 
granitic rocks, similar to the crystalline basement rocks crop­
ping out onshore on Galicia or Portugal. 

Drilling results at Site 398 indicate that the syn-rift sediments 
of the Lower Cretaceous are detrital and were derived in part 
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Figure 6. Line GP-11 seismic profile, 24-fold, migrated, showing cross section from the oceanic crust to the Galicia margin across the 
oceanic/continental-crustal boundary and tilted fault blocks. Seismic units 1-5 are discussed in text. Vertical exaggeration, 3.3. Loca­
tions of target drill sites GAL-1 through GAL-4 are projected along this seismic line. Courtesy of L. Montadert. 

Figure 7. (A) Acoustic stratigraphy on abyssal plateau west of Galicia margin (profile OC-106). (B) Acoustic stratigra­
phy near DSDP Site 398 (profile GP-19). Units 1, 2, 3, and 4 are seismic units described in the text. Unit 5 was inter­
preted before Leg 103 as being pre-rift deposits; Unit B was interpreted as being crystalline basement. From Groupe Ga-
lice (1979). 
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from erosion of an Upper Jurassic carbonate platform. On seis­
mic-reflection records, these sediments appear to fill in the elon­
gate half grabens of tilted fault blocks (acoustic unit 4; Fig. 7). 
Reflectors are moderately to strongly layered but are locally dis­
continuous or confused. In some basins, the reflectors diverge 
downdip, probably mainly in response to rotation of the base­
ment blocks along listric faults during sedimentation (Groupe 
Galice, 1979). 

On the basis of foraminiferal data, the oldest dateable strata 
directly overlying the post-rift unconformity are early Albian, 
whereas the youngest dateable strata immediately below are late 
Aptian (Sigal, 1979). This indicates a small hiatus of little more 
than a substage or perhaps only a somewhat condensed section. 
At the level of this hiatus, the lithology changes from dark mar­
ly mudstone with abundant debris flows and turbidites below to 
mainly laminated black shale above. The late Aptian age for 
this change and probable unconformity corresponds fairly well 
to the age of anomaly MO, which is identifiable near the foot of 
the margin west of Site 398, and indicates that rifting ceased and 
accretion of oceanic crust began at about 110 Ma in this region. 

The post-rift sequence at Site 398 begins with acoustically 
transparent black mudstone and shale (acoustic unit 3; Fig. 7), 
representing distal turbidites rich in organic debris, deposited 
between early Albian and middle Cenomanian time. These stra­
ta partly fill in depressions that remained after syn-rift sedimen­
tation. The Upper Cretaceous and lower Cenozoic (middle Ce­
nomanian to middle Eocene) section is incomplete and condensed. 
These are essentially pelagic deposits and appear on the seismic-
reflection profiles as strong, parallel reflectors (acoustic unit 2; 
Fig. 7). The upper Eocene to Holocene section (acoustic unit 1; 
Fig. 7) is locally unconformable on older strata (Pyrenean dis­
cordance, which is most strongly developed north of the Iberian 
Peninsula; Grimaud et al., 1982). Acoustic unit 1 consists of pe­
lagic sediments with interbedded turbidites. 

Evolution and Structure of the Margin as Visualized 
before Leg 103 Drilling 

From the data available before the beginning of Leg 103, the 
following model of evolution and structure of the Galicia mar­
gin was constructed: 

1. A first(?) rifting stage during Early Triassic-Late Triassic 
time was postulated mainly on the basis of land (Lusitanian Ba­
sin), rather than marine, data. We tentatively assign the red sed­
imentary rocks dredged from the margin by Mougenot et al. 
H985) to this epoch. 

2. During Late Jurassic to earliest Cretaceous time, a shallow-
water carbonate-platform environment prevailed over nearly the 
whole margin. Variations in thickness of the carbonates, inferred 
from seismic profiles, may be due to tilting of the basement rock 
produced during an early stage (Late Jurassic) of rifting. 

3. The carbonate platform broke up mainly during Early Cre­
taceous time, at least as early as the Hauterivian, and produced 
the basin-and-range (fault-block) topography, of which remnants 
are evident today (Fig. 3). Rapid subsidence in the basin caused 
rapid increases in water depth, and some basinal sediments at 
Site 398 were being deposited below the calcite compensation 
depth (CCD) as early as Barremian time (Sibuet, Ryan, et al., 
1979). 

4. The post-rift evolution, from late Aptian to Holocene time, 
began with continued but gradual subsidence of the whole mar­
gin. At Site 398, distal turbidites (now black shales) accumu­
lated below the CCD until middle Cenomanian time; then pe­
lagic-clay accumulation prevailed during the Late Cretaceous. 

5. The normal evolution of the margin was interrupted by 
tectonic activity during the Late Cretaceous and early Cenozoic. 
At Site 398, the occurrence of calcareous sediments in the Maes-

trichtian suggests uplift of that area to a height above the CCD 
during the latest Cretaceous. Tectonism along the Pyrenean margin 
of Iberia during Paleocene and Eocene times produced the nu­
merous plateaus and seamounts on Galicia margin (Boillot et 
al., 1979; Mougenot et al., 1984). A less important tectonic 
event (reactivation of former faults) also occurred during the 
Miocene. One of the main results of all this tectonism in the re­
gion was the increase in the supply rate of detrital sediments to 
the margin (Rehault and Mauffret, 1979). 

LEG 103 DRILLING OBJECTIVES A N D 
TARGET SITES 

The coring and logging program during Leg 103 was designed 
to elucidate the history of rifting, subsidence, and sedimenta­
tion on Galicia margin and the relationship of these processes to 
the beginning of seafloor spreading and progressive opening of 
the adjacent North Atlantic. The results of this study should al­
so greatly aid in understanding the evolution of the conjugate 
margin of North America. Beyond addressing regional prob­
lems, the cruise attempted to gain new data on the more general 
problems of the oceanic/continental-crustal transition, the pos­
sible tectonic denudation of mantle rocks during rifting, and the 
geologic and geophysical evolution of passive continental margins. 

The initial drilling proposal submitted to the JOIDES office 
by Mauffret et al. (1984) consisted of drilling four sites along a 
transect from the oceanic Iberian Abyssal Plain to the deep Ga­
licia margin (Fig. 8). These four sites are as follows: 

1. Target site GAL-1 was on the Iberian Abyssal Plain, on 
top of a buried basement high assumed to be oceanic crust. The 
objective of drilling this site was to date the beginning of sea­
floor spreading by recovering the oldest sediments and the oce­
anic basement rock near the oceanic/continental-crustal bound­
ary. Site GAL-1 was classified as a secondary priority and was 
not drilled during Leg 103. 

2. Target site GAL-2, on the ridge from which peridotite had 
been dredged, was expected to provide data on the petrologic 
nature of the basement and on its possible heterogeneity. Sam­
pling unaltered peridotite was to permit petrographic and chem­
ical studies to constrain the origin of the ultrabasic rocks. Struc­
tural fabric studies were planned to obtain clues to the original 
deformation history of the rocks in the mantle and their later 
deformation as they were emplaced, possibly as diapirs, into the 
crust. Target site GAL-2 became Site 637, drilled during Leg 103 
(see Site 637 chapter, this volume). 

3. Target site GAL-3 was proposed as a single-bit hole at the 
summit of the tilted block of the margin closest to the ocean, 
i.e., where the S reflector occurs within the upper part of the 
acoustic basement. The objective of drilling this site was to ob­
tain an understanding of the nature of the tilted block. Target 
site GAL-3 became Site 640, drilled during Leg 103 (see Site 640 
chapter, this volume). 

4. Target site GAL-4 was proposed to sample the whole se­
quence of syn- and pre-rift strata and the underlying continental 
basement rock near the top of a typical tilted block of the deep 
margin. The cores and downhole logs from this site should give 
us nearly the entire history of the margin, from the succession 
of rifting phases during the Mesozoic through the drowning of 
the carbonate platform and the progressive or sudden changes 
in environment during the initiation of seafloor spreading. Cores 
from the crystalline basement will permit comparisons with the 
exposed basement rock of Galicia and Newfoundland. Site GAL-4 
was planned as a deep, multiple reentry hole. Difficulties with 
drilling operations during Leg 103 forced us to change this pro­
posed drilling strategy and, instead, to piece together the syn-
and pre-rift section by drilling several complementary single-bit 
holes (Sites 638, 639, and 641; see site chapters, this volume). 
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Figure 8. Model of the Galicia margin proposed by Boillot et al. (1980). Crustal thinning results from tectonic 
extension that produces listric faulting extending to the middle or to the base of the crust. Near the oceanic/ 
continental-crust boundary, the highly thinned crust may consist of granulite-facies rocks. The possibility of 
serpentinite diapirism is enhanced by the proximity of the mantle to the earth's surfaces. D = serpentinite dia-
pir; M = Mohorovicic discontinuity. Locations of target sites GAL-1 through GAL-4 are also shown in Fig­
ure 6. 

DRILLING RESULTS 

Site 637: Exposure of the Upper Mantle During Rifting 
The Galicia continental margin is bounded to the west by a 

north-trending basement ridge, 10 km wide and more than 60 km 
long, near the boundary between oceanic and continental crusts. 
This ridge is buried beneath sediments along much of its extent 
but crops out locally at Hill 5100 (Figs. 9 and 10). Seismic data 
suggest that Lower Cretaceous syn-rift sediments, deposited just 
before seafloor spreading began in this part of the North Atlan­
tic Ocean, occur in the basin immediately to the east of this 
basement ridge. Dredging along the west side of Hill 5100 re­
covered a large sample of serpentinized peridotite derived from 
the upper mantle (Boillot et al., 1980). 

Anticipating the recovery of peridotite by drilling the ridge, 
we concentrated upon the nature and emplacement of these up­
per mantle rocks. Structural, textural, mineralogical, and geo­
chemical studies of the core were to focus on the emplacement 
process and history of the peridotite, on its nature (i.e., suboce-
anic or subcontinental), and on its alteration (serpentinization) 
and brecciation. 

Drilling results on the east side of the ridge at Site 637 show 
that the ridge consists, at least in part, of serpentinized peri­
dotite, confirming the previous dredging results (see Site 637 
chapter, this volume). Overlain by a 212-m-thick cover of Neo­
gene clay and turbidite sand, 74 m of peridotite was penetrated 
from 212 to 285.6 m below seafloor (mbsf) at Site 637. The peri­
dotite is clinopyroxene-bearing spinel harzburgite, which is more 
than 90% serpentinized and is cut by veins of calcite and ser­
pentine (Fig. 11). Locally, the peridotite contains rare Plagio­
clase rimming the spinel crystals. 

Thin sections of the peridotite show both Porphyroclastic and 
mylonitic textures, the latter being restricted to thin shear zones. 
The pervasive foliation dips about 30°-45° in the upper 50 m of 
the section, increasing to about 65° in the lower 20 m. Lineation 
formed by elongate pyroxene and spinel crystals is downdip. Ship­
board magnetic data show that the foliation and shear planes 
dip to the east. Analysis of the mylonitic texture in the shear 
zones consistently shows a top-to-the-east sense of shear on sur­
faces that dip east. After shearing, the peridotite was intensively 
serpentinized then fractured. During the late stages of deforma­
tion, calcite and serpentine replaced and infilled fractures. 

Although the peridotite at Site 637 conceivably is part of a 
slice of Hercynian peridotite, we deem this unlikely. The high-
temperature, low-pressure environment indicated by the miner­
alogy (plagioclase-spinel assemblage) of the core samples con­
trasts with the higher pressure and lower temperature conditions 

(spinel-garnet assemblage) inferred for Hercynian peridotite on 
the Galicia mainland. The rocks at Site 637 represent subocean-
ic mantle, less depleted than most oceanic peridotite, or subcon­
tinental mantle. In any case, the rocks were probably emplaced 
during late rifting of the margin as a result of the stretching of 
the lithosphere. 

The Neogene sediments overlying the peridotite comprise three 
lithologic units. From oldest to youngest, these include (1) up­
per Miocene (and possibly older) pelagic and hemipelagic brown 
and reddish clay (180-212 mbsf), (2) upper Miocene to middle 
Pliocene interbedded marl and calcareous turbidites and lesser 
amounts of brown clay (135-180 mbsf), and (3) middle Pliocene 
to upper Pleistocene turbidites probably derived from the Iberi­
an mainland (0-135 mbsf). 

Standard Schlumberger logs were obtained from an interval 
that includes about 35 m of basement and 110 m of overlying 
sediments. In the sediments, the sonic log measured a nearly 
constant sound velocity of 1.6 km/s. In the basement, velocities 
increase downward from 1.6 to 3.5 km/s. Laboratory measure­
ments of sound velocity in the peridotite yielded values ranging 
from 2.9 to 4.7 km/s, clustering around 3.7 km/s. The differ­
ences in measured peridotite velocities appear to result from dif­
ferences in the extent of serpentinization and calcite replace­
ment; the most altered peridotite has the lowest velocity. Gener­
ally, velocities measured parallel to the foliation are higher than 
those measured normal to it. 

Sites 638, 639, and 641: 
Timing and Processes of Rifting 

The fundamental processes associated with the evolution of 
a passive continental margin, such as crustal thinning, faulting, 
and subsidence, cannot be clearly understood without a knowl­
edge of the timing of events. This was the broad objective of 
drilling at Sites 638, 639, and 641 (Figs. 9, 12, and 13), original­
ly planned as a single deep hole. A summary compilation of the 
stratigraphic results of drilling at these three sites is shown in 
Figure 14; Figure 15 shows the probable geometrical/geological 
relationships among the six holes drilled at Site 639, which were 
used to construct the stratigraphic column shown in Figure 14. 

Cores from Sites 638 and 639 were collected to yield reliable 
data on the early history of the margin, on the timing of rifting, 
and on the timing of paleoenvironmental changes in this region 
of the North Atlantic. The purpose of drilling Site 641 was to 
complete the coring of the upper part of the syn-rift sediments 
and to core the lower part of the post-rift sequence, to date the 
break-up unconformity and document the timing of the cessa­
tion of rifting, and to recover the Upper Cretaceous-Albian in-
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Figure 9. (A) Location map of Galicia margin northwest of the Iberian Peninsula. V = Vigo Seamount. P = Porto Seamount. (B) Bathymetric map 
showing location of sites drilled during ODP Leg 103. Modified from Sea Beam map; contour interval, 250 m. (C) Schematic cross section across 
Galicia margin drawn from seismic data and drilling results. S reflector is discussed in text. P = peridotite ridge. Low-angle listric faults beneath half 
grabens are hypothetical. 

terval, especially Albian-Cenomanian black shales and strata at 
the Cenomanian/Turonian boundary. 

The sedimentary sequence, constructed from the results of 
drilling at these sites and summarized in stratigraphic order, in­
cludes the following units: 

1. A layer of conglomerate or breccia that may lie between 
the Tithonian beds (see following text) and basement rock. The 
layer contains a great variety of low-grade metamorphic rocks 
of sedimentary origin, probably Paleozoic in age, and silicic vol­
canic or hypabyssal rocks of rhyolitic or rhyodacitic composi­
tion, which may be a part of the basement rock. 

2. About 400 m of Upper Jurassic (Tithonian) and possibly 
lowest Cretaceous limestone with lesser amounts of sandstone 
and claystone, deposited in relatively shallow water before or 
during the earliest stages of rifting. The uppermost 250 m(?) of 
the limestone section were thoroughly dolomitized and cut by 
several generations of veins and fractures. Neither the causes 
nor the timing of the dolomitization are yet known. Many of 
the limestone samples from this interval resemble dredge sam­
ples previously recovered from a steep escarpment 6 km north­
west of Site 638 (Fig. 12B; Mougenot et al., 1985). 

3. About 40 m of lower Valanginian calpionellid-bearing marl-
stone, probably deposited at moderate depth not long after the 
onset of rifting and rapid subsidence. 

4. Four hundred meters of upper Valanginian and Hauteriv-
ian interbedded turbidite sandstone and claystone rich in terres­
trial plant debris, and Barremian and Aptian alternating clay, 

calcareous clay, marl/marlstone, and clayey limestone, includ­
ing thin turbidites and debris flows, deposited in deep water 
during rifting. 

5. As much as 1500 m of sediments deposited after rifting 
ceased and oceanic spreading commenced between Iberia and 
Newfoundland. Because the post-rift section had been cored con­
tinuously during DSDP Leg 47B, only some of the Cenozoic clay 
and calcareous ooze and the Albian-Maestrichtian black shale, 
clay, and marl parts of this section were cored during Leg 103. 

The main findings of drilling at Sites 638, 639, and 641 are 
as follows: 

1. Lower Cretaceous turbidite beds occur beneath the reflec­
tor previously identified on seismic records as the top of the pre-
rift carbonate platform, necessitating a reassessment of the re­
gional seismic stratigraphy beneath the break-up unconformity and 
revealing new information on the history of the Galicia margin by 
extending the syn-rift period back to at least the Valanginian. 

2. Tithonian limestone rests either directly on basement rock 
or on a thin basal conglomerate that in turn rests on basement 
rock, suggesting that this region remained a structural high, possi­
bly even a source of sediments, until late into the Jurassic. This 
implies that the Leg 103 area, which was a locus of maximum 
thinning and rifting of the crust, near the origin of the later-
formed first oceanic crust, was in a region that had been a struc­
tural high until the latest part of the Jurassic and was not in a 
region with a preceding history of rifting, subsidence, and sedi­
mentation. 
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Figure 10. Location of Site 637 on (A) regional bathymetric map, (B) Sea Beam map, and (C) seismic line GP-12. Courtesy of J. 
R. Yanney, J. C. Sibuet, and L. Montadert. 

3. Tectonic distension and deepening of the margin occurred 
in several stages. Several hundred meters of subsidence occurred 
during the Tithonian to accommodate the shallow-water car­
bonate beds. Whether this was the beginning of rifting or a re­
newal or continuation of older subsidence is not known. The 
carbonate platform was faulted and drowned sometime during 
the latest Tithonian to earliest Valanginian interval. Subsequently, 

the platform was partly buried by syn-rift sediments, which pro­
gressively filled individual basins formed by tilting of fault blocks 
along listric(?) normal faults. Seismic stratigraphy and coring 
clearly reveal that faulting and associated subsidence began at 
least as early as the very Early Cretaceous and continued epi­
sodically for about 25 m.y. from early Valanginian through late 
Aptian times. Magnetic reversal MO occurs in lower Aptian stra-
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Figure 11. Sample 103-637A-26R-2, 87-107 cm. Altered and foliated 
peridotite typical of basement rocks recovered at Hole 637A. Foliation 
is defined by elongation of pyroxene crystals and bands of serpentine. 
Veins are calcite and serpentine and are generally subperpendicular or 
subparallel to the main foliation. 

ta at Site 641, about 30 m below the base of the overlying post-
rift sedimentary sequence. This helps explain why the MO (J) 
magnetic anomaly cannot be recognized west of Galicia margin; 
there seafloor spreading began later. 

4. The early post-rift sequence includes at least 50 m of Al-
bian black and gray claystone ("black shales") conformably overly­

ing Aptian turbidites and debris flows of the syn-rift sequence. 
Although sedimentation changes abruptly, the "break-up un­
conformity" is not recognizable in the cores as an angular un­
conformity or as a hiatus in the biostratigraphy. 

Downhole logs of natural gamma-ray spectrometry, resistivi­
ty, sonic velocity, bulk density, and neutron porosity were taken 
over the interval from about 105 to 270 mbsf at Site 638, from 
about 168 to 260 mbsf at Site 639, and from 130 to 196 mbsf at 
Site 641. The log results from Site 638, in combination with lab­
oratory measurements of velocity and density, provide an esti­
mate of an undrilled thickness of about 40-75 m between the 
bottom of Hole 63 8C and the top of the carbonate platform 
drilled at Site 639. 

Site 640: Structure of the Deep Margin 
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, is 
broken by only one small seamount at 42°09'N,12°32'W, which 
marks the outcrop of a buried north-trending ridge that brings 
"acoustic basement" (actually a zone of incoherent reflections) 
close to the seafloor (Fig. 16). The two north-trending sedimen­
tary basins that flank the ridge contain thick (2-3 km) syn- and 
post-rift sedimentary sequences. Clearly, the buried basin-and-
range topography of the "acoustic basement" is pre-Albian be­
cause it lies beneath the break-up unconformity. 

In this region, the S reflector (see "Regional Background" 
section, this paper) is between 1.5 and 3 s (two-way traveltime) 
below the seafloor (Fig. 16) and is thus too deep for ODP drill­
ing. However, drilling into the upper part of the "acoustic base­
ment" above the S reflector should acquire new data crucial for 
the interpretation of that reflector and of the margin and the 
adjacent oceanic basin. 

The stratigraphic section recovered by drilling at Site 640 in­
cludes, in order from oldest to youngest (1) Hauterivian gray 
nannofossil chalk and calcareous clay, grading downward to in­
terbedded marlstone, turbidite sandstone, siltstone, and clay-
stone, slumped in some intervals (184-232 mbsf); (2) Barremian 
gray clayey ooze and calcareous clay (160-184 mbsf); (3) upper 
Aptian-Albian gray nannofossil ooze (157-160 mbsf); and (4) 
brown clay, barren of fossils (145-157 mbsf). We washed through 
the interval from 0 to 145 mbsf without taking any cores (see 
Site 640 chapter, this volume). 

Finding Lower Cretaceous syn-rift turbidite sediments, simi­
lar to those at Site 638, in the acoustically incoherent unit may 
force reassessment of the ductile/brittle-transition interpretation 
of the S reflector because the rocks above the S reflector consist 
of Early Cretaceous sediments, more or less tilted and slumped 
during rifting. Thus, the S reflector, lying 2 to 4 km below the 
seafloor, could be the substratum of the syn-rift Cretaceous sed­
imentary rocks, produced either by the top of pre-rift platform 
carbonates or by crystalline basement rock. The structural com­
plexity of the Lower Cretaceous rocks and the smoothness of 
the S reflector also suggest that the reflector may mark a struc­
tural contact, e.g., a low-angle detachment fault. 

SUMMARY 
ODP Leg 103, which began on 25 April 1985 in Ponta Delga-

da, Azores, and ended in Bremerhaven, Federal Republic of Ger­
many, on 19 June 1985, extended the results of DSDP Leg 47B 
through the syn- and pre-rift strata by drilling and coring through 
the break-up unconformity and then through 1200 m of Lower 
Cretaceous (Albian-Valanginian) to Upper Jurassic (Tithonian) 
rocks to the top of basement rock on the deep western edge of 
the margin (Sites 638, 639, and 641). The occurrence of Lower 
Cretaceous turbidites, beneath the seismic reflector previously 
interpreted as being the top of the possible pre-rift carbonate 
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Figure 12. (A) Galicia margin. (B) Sea Beam map of the area near Sites 638, 639, and 641, showing location of dredge localities DR03 and DROl 
(Mougenot et al., 1985). After Sibuet et al. (this volume). (C) Multichannel seismic profile GP-101, showing the location of Sites 638, 639, and 641; 3, 
post-rift strata; 4 and 5, syn-rift strata. Courtesy of L. Montadert. 
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Figure 13. Schematic cross section across Galicia margin near Sites 638, 639, and 641, drawn from seismic data and drilling results. The east slopes of 
the half grabens are faulted, but the dip of the faults is uncertain. 
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Figure 14. Leg 103 schematic stratigraphic columns. UC. = Upper Cretaceous; B = Barremian. 

platform, necessitates a reassessment of the regional seismic stratig­
raphy, extending the syn-rift period on Galicia margin back to at 
least the Valanginian. Tithonian limestone, resting either directly 
on basement rock or on a thin basal conglomerate overlying 
basement rock, implies that this region remained a structural 
high until late in the Jurassic. 

Site 637 drilling, near the boundary between oceanic and conti­
nental crust, recovered peridotite of the upper mantle. Although 
this peridotite could be part of a Hercynian ophiolitic slab in­

cluded in a tilted block of the continental crust, more likely it 
was emplaced during late rifting of the margin as a result of the 
stretching of the lithosphere. 

Site 640 was drilled on the summit of the ridge nearest the 
oceanic/continental-crust transition, over the deep S reflector, 
previously widely thought to represent the ductile/brittle boundary 
in continental crust. Finding Lower Cretaceous, syn-rift turbi-
dites in the acoustically incoherent unit above the S reflector in­
dicates that the reflector marks a level near the original deposi-
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Figure 15. Geologic cross section through holes drilled at Site 639. A uniform dip of 30° is assumed, based on the average of measurements on cores. 
Regional dip, as estimated from seismic data, is about 10°. No faults are shown, although some could exist. Blank spaces in the cross section indicate 
parts of the section unsampled during coring for which stratigraphic assignment cannot be made confidently. The brown clay, Unit II, is shown ex­
tending across the entire erosion surface that truncates the Mesozoic. The talus and rock-slide unit is drawn so that the displaced limestone at the top 
of the unit has a possible source farther up the slope, on limestone not covered by dolomitic talus. Rhyodacite drawn here as basement rock may be 
part of the basal conglomerate, and the basement may include many rocks other than rhyodacite. 

Figure 16. Multichannel seismic line GP-102B, showing location of Site 640. 1-3 = Albian-Recent post-rift sediments; 4 = syn-rift sediments. S 
= deep reflector in "acoustic basement." Courtesy of L. Montadert. 
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tional contact between the syn-rift sediments and the underlying 
carbonate platform a n d / o r the crystalline basement rock, now 
transformed into a detachment-fault surface. 
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