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SUMMARY 1 

Summary 

High resolution reflection seismic profiles through the volcanic apron north of Gran Canaria 

collected during the METEOR cruise 24 (1993) were interpreted in the light of results of 

ODP Leg 157 (Sites 953 and 954) drilled in 1994. The 115 m deep Site 953 is linked 

with the seismic data by a synthetic seismogram and therefore represents the key site for 

calibration of seismic stratigraphy in the apron. The high resolution bathymetric map 

compiled from swath bathymetry of METEOR cruises 16 (1991) and 24 provides essential 

information for the seismic interpretation. 

The shape of the island flanks of Gran Canaria and the two adjacent islands of 

Fuerteventura to the east and Tenerife to the west were reconstructed by seismic pen

etration of the sediments covering the deeper portions of the volcanic pedestals. These 

mainly basaltic flanks are clear features on the seismic lines because of their generally high 

reflection amplitudes and systematic onlap patterns. The flanks dip up to 32°. Seismic 

mapping reveals the geometry of the volcanic flanks and demonstrates that the ea. ·1750 m 

deep flank of Fuerteventura is the oldest one, influencing the subsequent shield- building of 

Gran Canaria to the east, whose ea. 16- 15 my old shield (Schmincke, Weaver, Firth et al., 

1995) is ponded against Fuerteventura, forming a topographic barrier between the islands. 

The associated reduction of the current cross-section has caused strong bottom currents, 

indicated by erosional features and contourites. To the north, the flank of Gran Canaria 

extends some 60 km seaward to a depth of ea. 4500 m. The shield of the Anaga massif 

(northeast Tenerife) onlaps the flank of Gran Canaria to the east. Seismic correlation 

of the feather edge of the Anaga shield to the bio- and magnetostratigraphy at Site 953 

results in an age of ea. 6 Ma. To the northeast, the shield of Tenerife extends some 50 km 

with a maximum depth of 4000 m. 

The surrounding sedimentary basin is characterized by chaotic and discontinuous re

flection patterns of the slope facies, turning into the well-stratified basin facies some 30-

40 km off the coast. A synthetic seismogram for Site 953 was computed from logging data 

and discrete core measurements for calibration of the seismic data, resulting in the identi

fication of 55 reflectors. Most reflectors represent thin ( < lm) volcaniclastic interbeds in 

the hemipelagic background sedimentation, reflecting the volcanic activity and erosion on 

the adjacent islands. 
The westward decrease of reflectivity in the northern apron is interpreted to be caused 

by the Galdar Ridge, a submarine ridge at the western limit of the north coast of Gran 

Canaria, through which mass flows from Gran Canaria entering the sea in the north 

w<.>re diverted to the northeastern part of the apron. The lapillistones of the Pliocene 

Roque N ublo phase of volcanism on Gran anaria can be correlated in the entire northern 

apron where they form the most prominent reflector band. The minimum volume of the 

lapillistones has been computed to be 7 km3
, based on the drilled thickness (2 m) and 

the lateral extension in the survey area (:3.500 km2 ) . The thickness is possibly up to m 

at Site 953, obscured by the low core recovery which was most Hkely due to the coarse-
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grained nature of these deposits. Hence, the total volume may exceed 50 km
3

. The lowest 

sedimentation rates correlate with the volcanic hiatus on Gran Canaria with 3-4 cmfky, 

the highest (up to 12 cm/ky) were found subsequent to the shield building. 

The ea. 14 my old reflector M represents an unconformity, dipping at 0.3° towards 

Gran Canaria, in contrast to the overlying horizontal strata. This feature is interpreted 

to reflect the flexure of the lithosphere due to the volcanic load of Gran Canaria. 
The lowermost lithologic unit at Site 9M is composed of ea. 14 my old basaltic breccia. 

However, seismic correlation to Site 953 suggests an age of ea. 12 Ma for the deposition of 

this unit. The unit may represent deposits associated with a slope failure at the northern 

flank of Gran Canaria at 12 Ma. The seismic mapping reveals more than 60 km
3 

of debris 

advanced at least 70 km into the apron - exceeding the limit of the survey area. The 

mapped volume fits well with the dimensions of an amphitheatre at the northern flank of 

Gran Canaria between the Galdar Ridge in the west and the La Isleta peninsula in the 

east, the suspected source region for the mass wasting event. 
The Quaternary volcanism on La Isleta extends further seawards, where the bathy-

metric map shows a submarine volcano with three radial ridges, interpreted from the 

seismic data as young lava flows. Between Gran Canaria and Fuerteventura the seismic 

and bathymetric data show a volcanic complex consisting of two cones, flanked by ero

sional channels to the east and the west, suggesting a re-orientation and strengthening of 

bottom currents between the islands after the build-up of the complex, which is probably 

older than 5 Ma. 
Onland canyons and their submarine extensions are well seen in the merged topo-

graphic and bathymetric data set. One of the most prominent canyons is the Barranco 

de Guiniguada, which can be traced some 60 km from northeast Gran Canaria into the 

apron, where it is some 3.5 km wide and 150 m deep. 
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Zusammenfassung 

Hochauflosende rcflexionsseismische Profile der METEOR 24 Fahrt (1993) im vulkani

schen Schuttfacher nordlich von Gran Canaria wurden unter Zuhilfenahme der ODP

Bohrungen 953 und 954 (ODP Leg 157) aus dem Jahre 1994 interpretiert. Die 115 m 

tiefe Bohrung 953 wurde mit Hilfe eines synthetischen Seismogrammes mit den seismischen 

Oaten verkniipft und stellt den Schliissel fiir die Kalibrierung der seismischcn Stratigraphie 

im Becken nordlich der Insel dar. Die Facherecholot- Daten der METEOR.-Fahrten 16 

(1991) und 24 wurden zu einer detaillierten bathymetrischen Karte verarbeitet, die eine 

wesentliche Hilfe bei der seismischen Interpretation war. 

Die Form der Inselflanken von Gran Canaria und den beiden Nachbarinseln Fuerteven

tura im Osten, bzw. Tenerife im Westen, konnte auch dort kartiert werdcn, wo Sedimente 

die tieferen Teile des vulkanischen Sockels bedecken. Auf den seismischen Profilen ist 

der iiberwiegend basaltische Socket durch seine meist hohen Amplituden und die systcma

tischen onlap-Schichtterminierungen deutlich erkennbar. Die Flanken fallen bis zu 32° ein. 

Die seisrnische Kartierung der Sockel zeigt, daB die 4750 m tiefe Flanke Fuerteventuras am 

a.Itesten ist und die spatere Schildbildung Gran Canarias in ostliche Richtung beeinfiu13t 

hat, wo der etwa 16 bis 15 Millionen Jahre alte Socket Gran Canarias (Schmincke, Weaver, 

Firth et al., 1995) gegen Fuerteventura gestaut wurde. Dabei entstand cine topographi

sche Schwelle zwischen den beiden Inseln. Durch die damit verbundene Verringerung des 

Stomungsquerschnittes kam es zu einer Verstarkung der Bodenstromungen, die sich in Ero

sionsstrukturen und Konturiten bemerkbar macht. In nordliche Richtung erstreckt sich 

die Flanke Gran Canarias etwa 60 km seewarts, wo sie eine Tiefe von ea. 4500 m erreicht . 

Die Flanke Tenerifes erstreckt sich ea. 50 km in Richtung Nordosten mit einer maximalen 

Tiefe von 4000 m. Im Osten terrniniert sie onlap auf der Flanke Gran Canarias. Die 

seismische Korrelation der aul3ersten Begrenzung des Anaga-Massivs auf Nordost-Tenerife 

zur Bio-und Magnetostratigraphie der Bohrung 953 ergibt ein Alter von etwa 6 Millionen 

Jahren. 

Das den Sockel umgebende Sedimentbecken ist durch die chaotischen und diskon

tinuierlichen Reflexionsmuster der Hangfazies gekennzeichnet, die in 30 bis ,10 km Ent

fernung zur K iiste in die gut geschichtete Beckenfazies iibergeht. Zur Kalibrierung der 

seismischen Daten wurdc an der Bohrung 953 mithilfe der Logging-Oaten und diskreter 

Kernmessungen ein synthetisches Seismogramm berechnet, durch das 55 Reflektoren iden

tifiziert werden konnten. Die meisten Refiektoren stellen diinne vulkaniklastische Zwi

schenlagen ( < 1 m) in der hemipelagischen Hintergrundsedimentation dar, die die vulka

nische Aktivitat und Erosion der umgebenden Inseln widerspicgeln. 

Im nordlichen Schuttfacher ist eine Abnahme der Reflektivitat nach Westen hin zu 

beobachten, deren Ursachc im Galdar Riicken zu sehen ist. Dies ist ein untermeerischer 

Riicken an der westlichen Begrenzung der Nordkiiste von Gran Canaria, durch den 

Schuttstrome, die an der , ordflanke Gran Canarias ins :..leer gelangten, nach ord

osten abgeleitet wurden. Die Lapillisteine der pliozanen vulkanischen Phase auf Gran 
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Canaria (Roque Nublo) sind im gesamten nordlichen Schuttfacher ZU finden und steUen 

das kdiftigste Reflexionsband dar. Basierend auf der erbohrten Machtigkeit von 2 m 

und der Verbreitung im Mefigebiet (3500 km2 ) wurde fiir die Lapillisteine ein ~Iinimal

volumen von 7 km3 ermittelt. An der Bohrung 953 ist die Machtigkeit moglicherweise 

jedoch bis zu m - verdeckt durch den geringen Kerngewinn, der wahrscheinlich durch 

die Grobkornigkeit der Lapillisteine bedingt war. Daher konnte das tatsachliche Volumen 

50 km3 iibersteigen. Die niedrigsten Sedimentationsraten (3 I cm/ky) korrelieren rnit dem 

vulkanischen Hiatus auf Gran Canaria, die schneUste Sedimentation rnit bis zu 12 crn/ky 

folgte im Anschlufi an die Schildphase der Insel. 

Der ea. 14 Millionen Jahre alte Reflektor M steUt eine Diskontinuitat dar und fallt im 

Gegensatz zu den dariiberliegenden horizontalen Reflektoren mit etwa 0.3° in Richtung 

Gran Canaria ein. Dieses Phanomen wird als Lithospbarenflexur durch die vu lkanische 

Auflast Gran Canarias gedeutet. 

Die unterste litholgische Einheit der Bohrung 954 besteht aus ea. 14 Millionen Jahre 

alten basaltischen Brekzien. Die seismische Korrelation zur Bohrung 953 fiihrt jedoch 

zu einem Ablagerungsalter von etwa 12 Millionen Jahren. Die Einheit konnte daher Teil 

ciner Ablagerung sein, die durch eine Ilangrutschung an der Nordflanke Gran C'anarias 

vor 12 Millionen Jahren entstanden ist, bei der mehr als 60 km3 Schutt iiber 70 km weit 

in den Schuttfacher vordrangen - und damit die Grenzen des Mefigebietes iiberschreiten. 

Dieses aus der Kartierung ermittelte Volumen stirnmt gut mit der Grofie eines Kars an der 

Nordflanke Gran Canarias iiberein. Dicses erstreckt sich vom Galdar Riicken im Westen 

bis zur La Isleta Halbinsel im Osten und wird als Ausgangsregion fiir die beschriebene 

Bodenverlagerung (mass wasting) angenommen. 

Der quartare Vulkanismus auf La Isleta setzt sich submarin nach Nordosten fort, wo 

die bathymetrische Karte einen Vulkan rnit drei radialen Riicken zeigt, die auf Grund der 

seismischen Oaten als junge Lavastrorne interpretiert werden. Im Dereich zwischen Gran 

Canaria und Fuerteventura zeigen sowohl die Seismik als auch die Dathymetric einen aus 

zwei Vulkankegeln bestehenden submarinen vulkanischen Komplcx, dcr im Osten und 

Westen von Erosionsrinnen flankiert ist. Dies lafit eine Neuorientierung und VersUirkung 

der Bodenstromungen irn Anschlufi an die Bildung des Vulkankomplexes vermuten, der 

wahrscheinlich alter als 5 Millionen Jahre ist. 

Das Canyonsystem auf Gran Canaria und dessen submarine Forlsetzung ist sehr gut 

in der kombinierten topographischen und bathymetrischen Karte zu erkcnnen. Einer der 

augenfilligsten Canyons ist der Darranco de Guiniguada im 'ordosten der Insel, der iiber 

60 km weit bis in den Schuttfacher hinein verfolgt werden kann, wo er etwa 3 .. 1) km breit 

unci 150 m tief ist. 
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1 Introduction 

Menard (1956) found that volcanic islands and seamounts are surrounded by large volcani

clastic aprons, consisting of material derived through volcanic activity, slides and erosion 

on the island/seamount, intercalating with the background sedimentation. The apron har

bors a great wealth of material from which the temporal, bathymetric and compositional 

evolution of the island can be reconstructed (Schmincke et al., 1994 ). 

The first systematic deep drilling into a volcaniclastic apron was carried out during 

ODP Leg 157 in August/September 1994 (Schmincke, Weaver, Firth et al.. 1995). Four 

holes were drilled at different distances around Gran Canaria, Canary Islands. Gran 

Canaria was chosen because it is one of the best studied oceanic volcanic islands. 

Prior to d riUing, a n urn ber of presite surveys were carried out in ordN to locate sui table 

drill sites, chiefly METEOR cruises Ml6/4 (Wefer et al., 1992) and M24 (Schmincke and 

Rihm, 1994). During the main presite survey (cruise M24), 2117 km of high resolution 

multichannel seismic reflection profiles were obtained covering an area of some 20,000 km2 

around Gran Ca.naria. The M24 seismic reflection lines in the apron north of Gran Canaria 

are studied here in detail and will be compared to drillsites 9.53 and 95cl of ODP Leg 157. 

Site 953 is the deepest hole ( 1158 mbsf=meters below seafloor) and, since the volcanic 

pedestal was penetrated (Schmincke, Weaver, Firth et al.,l995), contains a major part of 

the volcanic evolution of Gran Canaria. 

The apron north of Gran Canaria contains volcanic deposits derived not only from 

this island but also from two neighbouring islands, Fuerteventura in the east and Tenerife 

in the west. With increasing distance from the islands, sedimentation changes from a 

chaotic to a more stratified pattern, with numerous high amplitude reflectors due to the 

large impedance contrast between the volcaniclastic deposits and the pelagic/hemipelagic 

sediments. 

Close to the islands, the interpretation of the unmigrated sections was hampered by 

numerous diffraction hyperbolas. In order to recognize the structure of the apron and to 

distinguish different source areas, the seismic lines were time-migrated. Correlation with 

the drillsites was obtained by computing synthetic seismograms. A number of reflections 

could be identified as volcaniclastic material intercalated with the hemipelagic background 

sediments. Some reflectors were dated by means of bio and magnetostratigraphy at Site 

953. By applying the depth-velocity relation found at ite 953. the isopach maps were 

converted to depth. This is important in order to calculate sedimentation rates and to 

map the submarine geometry of the island flanks allowing more detailed computations of 

the submarine island volumes. 

A bathymetric map was compiled from the swath-bathymetry collected during ME

TEOR cruises Ml6/ I and 1[24. The three-dimensional bathymetry illustrates the complex 

structure of the volcanic apron around Gran Canaria, featuring the steep island flanks, 

slides and erosional features which are discussed here with special emphasis on mass wast

ing. 
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Until recently, relatively few extensive seismic reflection experim<'nts have been carried 

out around volcanic islands. Apart from the Canary Islands, only the Hawaiian Islands 

are seismically well known (Watts et al., 19 5; ten Brink and Watts, 19 5; ten Brink and 

Brocher. 19 7; Rees et al., 1993). Recently, some seismic work was also done around the 

Marquesas Islands (Filrner et al., 1994; Wolfe et al., 1994). These papers have in common 

their presentation of a description of the apron structure based on the distinction of seismic 

units. A detailed temporal correlation with the volcank evolution is not given. Tlus paper 

presents, in contrast, a seismic analysis of a volcaniclastic apron based on drilling results. 
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2 Geology 

2.1 Introduction 

The Canarian Archipelago is built on the African continental slope and rise and consists 

of seven major volcanic islands: Lanzarote and Fuerteventura to the east, Gran Canaria, 

Tenerife, Gomera in the center, and Hierro and La Palma to the west (Fig. 1). The 

archipelago extends some 450 km from east to west, and 200 km in north- south direction. 

The closest proximity to the African continent is 115 km, across from the Spanish Sahara. 

The total surface area is 7273 km2 (Tenerife 2057 km2 , Fuerteventura 1731 km2, and Gran 

Canaria 1532 km2). The three highest islands are Tenerife (Pico de Teide, 3718 m), La 

Palma (2429 m), and Gran Canaria (1949 m). Detailed recent reviews on the general 

evolution of the Canary Islands are given by Schmincke (1976; 1982; 1994). 

2o·w 1s·w 1o·w 

2o·w 1s·w 1o·w 

Figure 1: Magnetic anomalies in the vicinity of the Canary Islands (from Verhoef et al., 

1991), plotted together with the bathymetry and the salt diapir zone between the Eastern 

Canaries and Africa (from Hinz et al., 1982). 

2.2 The crust beneath the Canary Islands 

Whether the crust beneath the Canary Islands is of continental or oceanic type is one of 

the oldest and most controversial discussions. 
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Figure 2: Crusta! structure beneath Gran Canaria, deduced from refraction seismic studies 

(Ye et al., 1996). 

Hausen (1962) suggested that the Canarian Archipelago represents a rnicrocontinent, 

underlain by faulted continental crust with the islands representing unsunken blocks. 

Schrnlncke (1967) suggested oceanic crust, at least beneath the central and western 

Canaries. Rothe and Schrnlncke (1968) presented further arguments for a subdivision of 

he archipelago into the eastern Canaries (Fuerteventura and Lanzarote), possibly under

lain by continental crust, and the western and central islands, situated on oceanic crust . 

At that time, the first modern geophysical investigations were carried out in the area. 

From their refraction seismic and gravity experiment, Bosshard and Macfarlane (1970) in

fer oceanic crust around Hierro, La Palma, Gomera, and Tenerife, whereas Gran Canaria 

lies in the transitional zone between oceanic and continental crust. 

Banda et al. (1981) found that the crust-mantle boundary to be no deeper than 15 km 

beneath Gran Canaria, Fuerteventura and Lanzarote. There are some differences in the 

velocity function between the eastern Canaries, on one hand, and Gran Canaria/Tenerife, 

on the other. In conclusion, they interpret the crusta! type beneath the Canary Islands to 

be oceanic. 

Ye et al. (1996) found the crust-mantle boundary at a depth of ea. 14 km below Gran 

Canaria (Fig. 2). 

Further evidence for the oceanic crust type beneath the Canaries comes from the 

plate kinematic reconstruction of Klitgord and Schouten (1986), who localized the Canary 

Islands on sea floor with an age ranging from 175 to 150 Ma. These ages are confirmed by 

Verhoef et al. (1991). They traced the 156 Ma old magnetic anomaly M25 between the two 

westernmost islands La Palma and IIierro (Fig. 1). The anomaly east of Fuerteventura and 

Lanzarote was called Sl by Roeser (1982). Thls location agrees with the seaward extent 

of a series of salt diapirs, marking the approximate landward edge of oceanic crust (IIinz 

et al., 19 2). Roest et al. (1992) interpret the anomaly S1 as true oceanic and Klitgord 

and Schouten ( 1986) dated the anomaly at 175 M a. 
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To summarize, the present concensus is that all Canary Islands are located on oceanic 

crust. 

2.3 Oceanic volcanoes 

2.3.1 Growth stages of oceanic volcanoes 

The evolution of volcaruc islands can be subdivided into three stages, each of which is 

characterized by typical deposits in the apron (Schmincke, 1994 ): 

Deep water stage: The submarine part is composed of pillow lavas, densely packed and 

non-vesicular at depth, becoming increasingly vesicular and intcrlayered with pillow 

breccias and pillow fragment breccias and primary and resedimented hyaloclastites 

upwards. 

Shallow water to emergent stage: The water depth is less than 300 m. Bedded hyalo

clastites are intermixed and increasingly interlayered with lenses of pillow lavas. 

Slides and explosions caused by reaction of the hot material with the seawater are 

quite common. 

Subaerial shield stage: Most of the subaerial part of the islands is made of basaltic 

shields. Highly differentiated rocks are abundant on Gran Canaria and Tenerife. 

2.3.2 Structure of oceanic volcanoes 

The evolution of an oceanic volcano -like the Canary Islands - as reflected by its structure 

is schematically shown in Fig. 3. Schmincke ( 1994) divides 

1. a subaerial part whose volume is generally less than 5 % and rarely exceeds 10 % of 

the total volume, and 

2. a submarine part with an intrusive core and submarine extrusive rocks. 

The percentage of the subaerial part of the total volume for the Canary Islands ranges 

between 1.1 % (Lanzarote) and .4 %(Tenerife) (Schmincke, 19 2). 

Volcanic islands are surrounded by aprons. The term volcanic or archipelagic apron 

was originally introduced by Menard (1956) who defined the apron bathymetrically for 

a number of Pacific volcanoes. He noticed the smooth relief in the vicinity of these vol

canoes, whereas the seafloor distant from the islands is hilly. His definition includes all 

deposits surrounding the islands, volcanic and non-volcanic. Later, geophysicists used the 

term volcanic apron in a more restricted sense synonymously with what Schmincke (1994) 

defines as flank facies (see below). Since this paper concentrates on the sediments north 

of Gran Canaria, the expression apron here includes also the sedimentary basins adjacent 

to the volcanic edifice. Following the definition of Schmincke (199t1, see also Fig. 3), a 

volcanic apron peripheral to an oceanic island consists of three main fades: 
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Figure 3: Structure of an oceanic volcano (from Schmincke, 1994). 

1. The flank or core facies is characterized by rough topography and discontinuous 

reflectors (chaotic seismic facies or volcanic apron in geophysics, e.g. Wissmann, 

1979; Holik and Rabinowitz, 1991). The flanks representing the seamount stage of a 

volcanic island are thought to largely consist of submarine lava.s and coarse breccia.s 

(Staudigel and Schmincke, 19 4 ). 

2. The proximal or slope facies is characterized by slumps, discontinuous bedded 

units, debris flows, erosional channels, etc. 

3. The slope fades grades laterally into the basin facies which is characterized by 

well developed reflectors and groups of reflectors and consists of diverse types of vol

caniclastic deposits of medium to small grain size including fallout ash layers, debris 

flows, distal ignimbrites and lahars, and other volcanicla.stic rocks generated by erup

tions and by erosion of volcanic rocks. It may also contain slump sheets recording 

larger volcanic or slope failures relocating sediments initially deposited higher on the 

slope. The volcaniclastic deposits are interbedded with biogenic and/or siliciclastic 

terrigeneous sediments forming the background sedimentation to the volcaniclastic 

influx from the islands. 

The basin sediments are further subdivided stratigraphically into different zones reflecting 

the islands growth stages: 

• Volcaniclastic rocks formed under submarine conditions (pillow fragment breccias 

and nonvesicular hyaloclastites) form the lower apron facies. 
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• Vesicular hyaloclastites formed at very shallow water and voluminous hyaloclas

ticfpyroclastic/epiclastic deposits formed during the shield-building stage represent 

the middle apron facies. 

• Volcaniclastic rocks transported into water by primary flow (lava flows, ash flows), 

reworked epiclastic debris and fallout from explosive eruptions make up the uppe r 

a pron facies. 

2.3.3 Volcanic aprons 

Although the general structure of volcanic aprons is already presented above, some points 

are worthy of discussion in more detail. This includes why aprons of different islands 

show different structural patterns, and the discussion of some sedimentary processes in 

the apron. As a starting point for the discussion, a summary of the apron structures of 

the Canaries, Marquesas and Hawaii is helpful. 

The extent of the Hawaiian apron is limited to the flexural moat between the islands 

and the Hawaiian Arch, some 250 km away from the islands (Rees et al., 1993). The moat 

and arch were both generated by the response of the lithosphere to loading of the island 

(Watts et al., 1985). The fill of the moat is divided by Rees et al. (1993) into four main 

units (Fig. 4): 

1. a basal unit of relatively constant thickness, pelagic sediment predating the formation 

of the flexural moat, 

2. a thick wedge onlapping the flexural arch, highly chaotic internal reflectivity, inter

preted as buried landslide deposits, 

3. a sequence of highly reflective, continuous horizons that offiap the flexural arch and 

are tilted toward the islands, 

4. a ponded unit confined to the deepest part of the moat representing the youngest 

sediments. 

At the Marquesas Islands the moat and arch architecture is not as prominent as that 

of Hawaii, and no flexural depression is evident in the bathymetry (Wolfe et al., 1994). 

The apron is characterized by a smooth surface and low slope, and internally by the 

presence of two sediment units not observed on undisturbed seafloor in the area (Filmer 

et al., 1994). Filmer et al. (1994) as well as Wolfe et al. (1994) conclude that only a small 

portion of the apron sediments is pelagic in origin. Most of the apron material must be 

volcaniclastic turbidites and debris derived from mass wasting of the volcanoes. Filmer 

et al. (1994) noticed the first evidence of acoustically reflective apron turbidites at about 

300 km distance from the islands. 

From flexure studies based on refraction seismic and gravity, Watts (1994) deduced 

a. flexure of the crust beneath the Canaries of as much as l km with a lateral extent 

of the moat between 150-200 km away from the islands, fitting the Selvagem Islands in 
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Figure 4: Moat stratigraphy at Hawaii (from Rees et al., 1993). 

the north and the Saharan Seamounts in the south as a location of the arch. Funck et 

al. (1996) found a small islandward dip (0.5°) of a reflector dated slightly younger than 

the shield stage of Gran Canaria indicating flexure in response to the load of the island. 

They also found the transition from slope to basin facies at a distance of some 40 km from 

Gran Canaria. Drilling into the apron (Schmincke, Weaver, Firth et al., 1995) showed 

that the non-volcanlc sediment-influx at this distance is much Larger than the island

derived volcaniclastic deposits. The frequent change of these two sediment types ensures 

a sequence of high seismic impedance contrasts, resulting in a number of high amplitude , 

continuous reflectors. The aprons south of the Canary Islands contain slumped intervals 

derived from the African continental margin contrasting with the northern basin ( von Rad, 

Ryan et al., 1979; Schmincke, Weaver, Firth et al., 1995 ). This is interpreted as a result of 

the East Canary llise (Fuerteventura, Lanzarote) forming a morphological barrier towards 

the northern basin. 

Two main factors influence the structure of the apron: 

1. the geometry of the lithospheric/crustal flexure with its moat-arch architecture, and 

2. the type and volume of sed iments available for the apron-fill. 

The geometry of the flexure, is controlled by several factors, such as (Watts, 1994): 

• the elastic thickness of the underlying lithosphere, 
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• the amount and distribution of the lithosphericfvolcanic load, 

• the migration of the load , i.e. rate of plate motion, and 

• the superposition with other flexures. 

The elastic thickness is influenced by the age of the lithosphere and the amount of 

thermal rejuvenation caused by a hypothetical underlying mantle plume. The amount and 

distribution of load gives the mechanical boundary conditions. The migration of the load 

(due to the plate motion) is important in so far as the lithosphere does not respond as 

an ideal elastic body, but instead with a delay of up to 1 ~la (Bodine et al., 19 1). The 

superposition with other flexures (e.g. those of continental margins) can strongly influence 

the flexure geometry (Weddeling, 1996) as well as the elastic thickness of the lithosphere 

(Watts, 1994). It is obvious that there are interdependences. 

Type and amount of available sediments strongly determines the internal structure of 

the apron . If chiefly volcaniclastic deposits are deposited, the impedance contrast is not as 

high as in the case of intercalated beds of non-volcanic sediments which result in reduced 

reflectivity. The total amount of sediments controls whether the moat can be filled or not. 

In the case of small sediment supply, the arch offiapping units and pondcd sediments are 

predominant and a bathymetric moat remains visible. 

The main point responsible for the large flexure at the Hawaiian Islands compared 

to the Marquesas may be seen in the larger load of the Hawaiian volcanoes (Wolfe et al., 

1994). The elastic thickness seems to be of minor importance as it is 25 30 km for Hawaii 

(Watts, 197 ; McNutt , 19 4; Wessel, 1993) and 17 km for the Marquesas (Filmer et al., 

1993). Because the moat volume in the Marquesas is smaller, less sediment is necessary 

to fill the moat. Hence, the Marquesas moat is overfilled and lacks a bat hymetric moat, 

whereas the Hawaiian flexural moat is underfilled (Filmer et al., 1993), explaining the 

major stratigraphic patterns at Hawaii (Rees et al., 1993). 

The aprons of the Marquesas and Hawaiian Islands largely consists of volcaniclas

tic sediments whereas in the Canaries non-volcanic interbeds are common and volumi

nous. The higher non-volcanic sediment-influx can be explained by the higher productivi

ty and deposition of calcareous nannoplankton above the carbonate compensation depth 

(Schmincke, 1994) and by the proximity of the Canaries to the African continent. 

Mass wasting are of two general types: slumps and debris avalanches. Moore et 

al. ( 19 9) use the following distinction: slumps are slow moving, wide, and thick with 

transverse blocky ridges and steep toes, while debris avalanches are fast moving, long 

(compared to width), and thinner. They commonly have a well-defined amphitheater at 

their head and hummocky terrain in the lower part. The slope failures that produce the 

slides begin early in the history of individual volcanoes, culminate near the end of subaerial 

shield building, and apparently continue long after dormancy (Moor<~ et al., 19 9). 

Slump motion consists of a long-term creeping (e.g. 6 cm/year at southern Hawaii , 

Segall et al., 1992) and ~hart-term displacements triggered e.g. by earthquakes, whereas 

avalanches move rapidly in a single event. Parts of slumps may collapse and produce a 
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debris avalanche, forming a compound landslide (Moore and Normark, 1994 ). 

Slope failures occur both at volcanic slopes and continental margins, but slump de

posits in the volcanic environment are seismically difficult to document du e to the acous

tically opaque behaviour of volcanic deposits ( Moore et al., 19 9). 

The identification of mass failures on the submarine slopes of oceanic volcanoes must 

thus be based primarily on surface features. r-.foore et al. ( 19 9) recognized as many as 17 

large submarine slides in the vicinity of the Hawaiian Islands using the side-beam sonar 

system GLORIA. Until now, 6 landslides more than 20 km long are known along the 

Hawaiian Ridge ( Moore and Normark, 1994 ). Some of them are up to 5000 km3 in volume 

and, therefore, of the same scale as the largest known slide at continental margins, the 

Storegga slide ofT Norway (Bugge et al., 19 ). Recently, Moore et al. ( 1995) found large 

slide blocks of up to 10 km length and 500 m height embedded in the toe of the South 

Kona landslide at Hawaii, forming a field of blocky sea-floor hiUs 60 to 0 km off the 

island. 

In the Canary Islands, two major slides have been documented so far, the well studied 

Canary slide east of Hierro (Holcomb and Searle, 1991; Masson et al., 1992) and at the 

north flank of Tenerife ( Watts and Masson, 1995 ). The volume of the latter was estimated 

to be at least 1000 km3 . 

A reason for the comparatively small number of documented slides at the Canaries 

might be seen in the high sedimentation rates, masking earlier slides. 

Debris flows are associated with many submarine slope failures, transporting large 

particles, up to boulder size, downslope in a sediment- water slurry (Kearey, 1993). Debris 

flows and slides may turn into turbidity currents under appropriate hydrodynamic condi

tions. Voluminous debris flows are reported in the vicinity of the Canary Islands, both of 

volcanic and continental margin origin. Thick volcanic debris flows were found north and 

south of Gran Canaria (von Rad, Ryan et al., 1979; Schmincke, Weaver , Firth et al. , 1995) 

and Embley (1976) has mapped a debris flow immediately south of the Canaries, covering 

30,000 km2 of seafloor and extending 700 km from its source scar at the Northwest African 

continental margin. 

2.4 Volcanism on t he Cana ry Islands 

2.4.1 Origin of t he vo lcanism 

The origin of the Canary [slands is still under dispute, with models proposing e.g. a hot 

spot origin, a connection with tectonic features on Africa, or fracture zones in the oceanic 

li t hosphere. 

The hot spot origin was suggested for the first time by Wilson ( 1963), noting an age 

progression in the anary Islands, interpreted as migration of volcanism over a bot spot 

(s(>e Fig. 5). Some features at the Canary Islands contrast the classical hot spot model 

developed for Hawaii: 

• The long volcanic history of the entire Canary Archipelago with multiple cycles of 
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Figure 5: Age progression of the subaerial volcanism on the Canary Islands. Data 

sources: Lanzarote and Fuerteventura: Coello et al. (1992); Gran Canaria: McDougall 

and Schmincke (1976), Schmincke (1994); Tenerife: Ancochea et al. (1990); Gomera: Can

tagrel et al. (1984); La Palma: Staudigel et al. (1986), Ancochea et al. (1994); Hierro: 

FU.ster et al. (1993). 

volcanism on the (older) islands. 

• On all Canary islands, except Gomera, volcanic activity is reported for the last 5000 

years. 

• There is no broad topographic swell and gravity /geoid high typical for other hot 

spots, e.g. Cape Verdc and Hawaii (Watts, 1994; Filmer and McNutt, 19 9). 

• A low melt productivity for individual islands and the whole chain (Hoernle and 

Schmincke, 1993a). 

• Large temporal and spatial variations in geochemistry (Hoernle and Schmincke, 

1993a). 

Some of these peculiarities can be explained by the extreme tectonic setting of the Canaries 

(Hoernle and Schmincke, 1993a): The rate of plate motion has been very low, around 
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10 mm/y for the last 60 Ma (Duncan, 19 1; Morgan, 19 3; MinstPr and Jordan, 197 ). 

The slow plate motion has contributed to the longevity of individual volcanoes and of the 

entire chain. 

Since not all observations can be explained sufficiently by the classical hot spot model, 

an origin related to tectonic features in Africa (such as the South Atlas fault) or oceanic 

fracture zones is often proposed. Presently there is no evidence for any fracture zone to 

intersect with the Canarian archipelago (Schmincke, 1994) and seismic data do not show 

the South Atlas fault continuing offshore to the Canary Islands (IIinz et al., 19 2) . This 

does not exclude the possibility of synchronous deformational events in orthern Africa 

and phases of magmatic activity in the Canaries. 

IIoernle and Schmincke ( 1993a) recently developed a blob model for the Canary hot 

spot. They propose a broad low velocity anomaly beneath the anary and Madeira Islands 

extending to 500 km depth (Anderson et al., 1992; Zhang and Tanimoto, 1992; lloernle et 

al., 1995) as a zone of mantle upwelling and as the source region for rising melt-blobs. The 

heterogeneous temporal and spatial volcanic activity depends on the blob composition and 

position beneath the islands. 

Schmincke (1994) summarized that the hot spot or plume origin of the archipelago is 

most likely (refering to e.g. Schmincke, 1967; 1973; 1976; 19 2; ~Ionnerau and Cazenave. 

1990; Sleep, 1990; Holik and Rabinowitz, 1991; Anderson et al.. 1992; Hoernle and 

Schmincke, 1993a, b), i.e. mantle material upwelling from great depth which partially 

melts by decompression during rise. 

2.4.2 Volcanism on Gran Canaria 

Three major magmatic/volcanic cycles have been distinguished on Gran Canaria, whkh 

have been further subdivided into several stages (Schmincke, 1976; 19 2; 1994; Hoernle and 

Schmincke, 1993a, b). All subaerially exposed volcanic and intrusive rocks were formed 

during the last 15 Ma (McDougall and Schmincke, 1976). 

The subaerial Miocene Cycle started with the rapid formation (0.5 .Ma) of the ex

posed tholeiitic to mildly alkalic shield basalts (Guigui and Hogarzales Formation, Fig. 6). 

At 14 .Ma the basaltic shield phase was followed by 0.6 Ma long magmatism of trachytic 

to rhyolitic composition (Mogan Formation). A large caldera ( Tejcda Volcano, ea. 20 km 

diameter, Fig. 7) was formed during the beginning of t he phase, synchronously with the 

deposition of composite ignimbrite P1 on top of the ~liocene basaltic shield (Freundt and 

Schmincke, 1995a, b). P1 was dated l ·L1 Ma (van den lloogard et al., 19 ) and presents 

the first of J 5 ignimbrites erupted during the .Mogan formation. The following Fataga 

Formation (ea. 13 to ea. 9.5 .M a), with silica- undersaturated trachyphonolites, was ac

companied and followed by intrusive syenites and a large cone sheet swarm in the central 

caldera complex lasting until ea. ~la, except for a few very late dikes. The Miocene 

phase was followed by a major volcanic hiatus lasting approximately 3 ,, .Ma. 

The Pliocene Cycle began with the local emplacement of small volumes of nephe

linites and basanites at ea. 5 ~ l a. The eruption rate increased at ea. l ~la and the lavas 
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Figure 6: Subaerial volcanic evolution of Gran Canaria (from Hoernle and Schmincke, 

1993b). 

became systematically more Si02-saturated, ranging from basanites to alkali basalts to 

minor tholeiites. At around 4 Ma, lavas, encompassing alkali basalLs, trachytes, basan

ites, tephri tes and phonolites, were intercalated with massive hauyne-phonolite breccia 

flows, fallout ashes and lithic-rich pumice flows, which were intruded by trachytic and 

hauyne phonolite domes (R oque N u blo Group). The bulk of Roque Nublo volcanics 

was deposited in the northern half of the island (Fig. 7), where the island had been eroded 

much more severely. Following a brief hiatus there was a resurgence in volcanism, during 

which only highly undersaturated mafic volcanics, chiefly nephelinites and basanites, were 

erupted (3.2- 1. Ma, Llanos de la Pez Formation). 

Q uaternary volcan ism occurred exclusively in the northern half of the island. The 

more recent Quaternary volcan ics are predominantly basanites. Very young scoria cones 

(probably prehistoric to subrecent) and lava flows form the La Calderilla Formation. 

During the evolution of Gran Canaria, twice the volcanic edifices may have topped as 

much as 3000 m (Schmincke, 1994; Anguita et al., 1991). The current top of Gran Canaria 

Pozo de las Nieves is just 1949 m above sea level. 

2.4.3 Volcanism on Fuerteventura 

Fuerteventura and Lanzarote are part of the East Cana ry Ridge, roughly parallel to the 

African coast. The depth of the narrow strait between the two islands is only 40 m. The 

most recent K-Ar age determinations for the volcanic activity on Fuerteventura have been 

published by Coello et al. (1992). Therefore, the description below closely follows t heir 

paper. 
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Two major formations can be distinguished in Fuerteventura: an emerged basal com

plex and a younger subaerial volcaruc series. The basal complex is exposed in the western 

central part of Fuerteventura (Fig. ) and consists of Cretaceous turbidltes overlain by 

interbedded Albian-Oligocene sediments and submarine volcanics which are intruded by 

a very dense dyke network and alkaline plutonks. One dyke was dated as old as 4 Ma 

(Le Bas et al., 19 6). The subaerial Series I was formed by three independant edifices: 

1. The southern edifice corresponds to the perunsula of Jandfa. The main basaltic 

activity occurred between 16- 14 Ma. 

2. T he central edifice was formed mainly by basaltic flows with scarce pyroclastics. 

Three Miocene eruptive cycles have been identified, one around 20-17 Ma, and two 

others centered around 15 and 13 Ma. 

3. In the northern edifice the main activity occurred between 14 and 12 Ma, forming 

predominantly basaltic lavas. 

A major temporal gap separates Series I from the Pl.iocene/ Quatcrnary Series II, Ill 

and IV, formed by multi- vent basaltic emissions. The post- Miocene volcanic activity 

occured in the central and northern regions but not in the southern area. Series II was 

formed during three periods of activity: 5, 2.9 2.4 and 1.8- 1. 7 Ma. Series Ill is Pleistocene 

(ea. 0. - 0.4 M a) and Series IV is younger than 0.1 Ma. 
T he Jandfa peninsula, situated closest to the seismic net, showed volcanic activity 

only in the period 16-14 Ma. Since t hen, the peninsula has been eroded. 

2.4.4 Volcanism on Tene rife 

Ancochea et al. (1990) gives the most recent review of Tenerifes volcanic evolution. The 

oldest visible unit on t he island is t he shield basalts, formed of basaltic lavas and pyro

clastics. This series forms t hree deeply eroded edifices, not visibly connected (Fig. 9): 

1. The Anaga massif in the northeast with three volcanic cycles between 6.5 and 3.6 

M a. 

2. The T e no massif in the northwest with activity between 6. 7 and 4.5 Ma. 

3. The Roque del Conde m assif in the south with ages mainly between .5 and 6.1 

M a. 

According to Ancochea et al. (1990), the large Caiiadas volcano, made up of basalts, 

trachytes and phonolites, was built essentially between 1.9 and 0.2 Ma. Recently, Martf et 

al. (1994) and ODP drilling (Schmincke, Weaver, Firth et al., 1995) found several cycles 

of volcanic activity at the Cai'iadas edifice as old as 3 Ma. To the northeast this central 

volcano is linked with Anaga by a chain of basaltic emission centers, the Cordillera Dorsal, 

with a peak activity around 0. Ma. The two large valleys of Guimar and La Orot ava 

were formed by large landslides less than 0. Ma ago, possibly before 0.6 Ma. The present 
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Figure 9: Geological map of Tenerife (simplified from Ancochea et al. , 1990). 

Caiiadas caldera was formed by a landslide. younger than 0.6 Ma. Later, the huge Teide 

volcano (3718 m) developed in t his caldera which has been active until present. During 

the same period, a series of small volcanoes erupted at scattered locations t hroughout the 

island. The most recent eruption was in 1909 at the northwest flank at Chinyero (Simkin 

and Siebert, 1994). 
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3 Data collection 

3.1 Introduction 
Four reflection seismic investigations were carried out recently in the vicinit) oft he Canary 

Islands. Three of them (METEOR cruises No. 16/4 (Wefer et al., 1991) and No. 24 

(Schmincke and Rihm, 1994) and the CHARLES DARWIN cruise No. 1. ( \' at ts et al., 

1993), see Fig. 10) served as presite survey for the ODP drilling proposal VI(' P (Volcanic 

Island Clastic Apron Project), which was realized in July-September 1991 as Leg 157 

(Schmincke, Weaver, Firth et al., 1995). METEOR cruise No. 16/ I is dcscrilwd h<'low, as 

weU as cruise No. 24, during which the data discussed in this paper were• collt•rt<'<l. The 

most recent survey was STEAM '94 (Rljks Geologische Dienst, 199·1 ). 
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and the seismic interpretation has benefitted to a high degree from the drilling results. 

3.2 Previous studies 

Single and multi channel reflection seismic profiles from the continental margin off western 

Africa and the Canary Islands (e.g. RV ATLANTIS cruises 1967, 197.5; R\' VALDIVIA 

cruise 10, 1975; RV METEOR cruises 25, 1971; 39, 1975 and 46, 197 ; DV GLOMAR 

CHALLENGER ship track profiles Leg 47 A, 1976; Seibold, 1972; Hinz et al., 1974; Seibold 

and Hinz, 1976; Uchupi et al., 1976; Hinz, 1979; Wissmann, 1979; Daiiobeitia and CoUette, 

19 9) showed highly reflective material surrounding the volcanic islands and seamounts of 

the region and thus demonstrated the abundance of volcaniclastic material in the area. 

During DSDP Leg 17 A, Site 397, located on the Westafrican continental rise some 

100 km SSE of Gran Canaria, was drilled with a total penetration of 1-153 m (von Rad. 

Ryan et al., 1979, Fig. 10). The most prominent reflector R7 which was thought to repre

sent the Cretaceous/Tertiary boundary, turned out to be a middle Miocene volcaniclastic 

debris flow (von Rad, Ryan et al., 1979). A second prominent reflector. R:l. corresponds 

to the Pliocene Roque Nublo phase of volcanism on Gran Canaria. Schmincke and von 

Rad ( 1979) identified a total of 15 ash layers and 5 debris flows representing su baerial and 

submarine phases, respectively, of the adjacent Canary Islands. 

METEOR cruise No. 16/4 in 1991 (Wefer et al., 1992) conducted a geophysical study 

of the apron southwest of Gran Canaria/south of Tenerife in preparation for a more sy

stematic drilling project into a volcanic apron (Schmincke, Weaver et al., 1992). The 

profiles (multi channel reflection seismic, 4 channels, 2.4 km; high resolution multi channel 

reflection seismic, 6 channels, 80 m; gravity; magnetic; sedimentechography (Parasound) 

and swath bathymetry ( Hydrosweep)) are shown in Fig. 10. The profile orientation and 

spacing with a total length of 950 km was chosen in order to allow identification of the 

outer limit of the island flanks. Results of this cruise are presented in llirschleber et 

al. (1992), Geisslinger (1993), and Thywissen and Wong (1993). 

3.3 METEOR cruise No. 24 

METEOR cruise No. 24 in April and May 1993 was the main presite-survey for ODP Leg 

1.'57. The goal was to complete the METEOR 16/4 datasel with emphasis on the channel 

between Gran Canaria and Tenerife, and the apron north and northea.c;t of Cran Canaria. 

A connection to DSDP Site 397 was established (Fig. 10). A detailed description of the 

reflection seismic experiment is given below. 

3.3.1 High resolution reflection seismic acqusition 

High resolution reflection seismic data were recorded along 50 profiles with a total length 

of 2117 km (Fig. 10), using the equipment of the Department of Earth ciences, U niver~ity 

of Arhus, Denmark. Source and recording parameters are summariz('d in Table 1. 

A sleevegun cluster consisting of I guns with a total volume of 2.3 litres was used 
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Acquisition control unit: EG&G Geometrics ES2420 

No. of channels: 24 

Sample interval: 1 ms 

Band pass- filter: 20 360Hz 

Data format: SEG-D demuliplexed 

Acoustic source: 4 x HGS sleevcguns 

Configuration: cluster 0.5 x 0.5 m 

Volume: 4 x 40 inch3 (0.65 I) 

Pressure: 100 bar 

Firing rate: 5, 7.5, 10 s 

Ship speed: 4.9 knots 

Firing delay: 12 ms 

Firing syncronization: +/- 1 ms 

Tow wire length: 30 m 

Towing depth: 2m 

Streamer: Teledyne 

Channels: 24 

Hydrophones per group: 7 

Group length: 3.125 m 

Group spacing: 6.25 m 

Total length: 143.75 m 

Tow cable length: 90 m 

Nominal towing depth: 4m 

Table 1: Seismic equipment and field parameters. 

as an acoustic source. Bubble-oscillations were effectively suppressed by the narrow gun 

clustering, increasing the signal to noise ratio. The 24 channel s treamer had a group 

spacing of 6.25 m resulting in a total length of 143.75 m. Before storage in SEG-D 

demultiplexed format (Northwood, 1967), the data were bandpass-filtered (20 360 Hz). 

The sampling rate was 1 ms. The firing rate was chosen depending on the water depth 

in order to get a high data coverage; the recording windows were adapted accordingly 

(Table 2). The firing rates of 5, 7.5 and 10 s correspond to a nominal shot point distance 

of 12.5, 1 .75, and 25 m, respectively. with a ship speed of 4.9 knots (2.5 m/s). Results 

of the rt>flection seismic investigations in the channel between Gran Canaria and Tenerife 

are given in Krastel (1995). 

3.3.2 Other measurements 

Magnetic and gravity data were also collected (see also Daiiobeitia et al., 1994). The 

edimentechographic system Parasound transmits a parametric pulse with a differential 
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Water depth [m) Start delay [ms) Record length [ ms] Firing rate [s) 

< 1125 0 3000 5 

1125- 3000 1500 4000 7.5 

> 3000 3500 4000 10 

Table 2: Relationshlp between water depth, record window and firing rate. 

frequency between 3.5 and 5.5 kHz, and is therefore comparable to the classical 3.5 kHz 

echosounder. Due to the parametric pulse, the horizontal resolution is enlarged (Spie6, 

1992). The swath bathymetry system .Hydrosweep recorded continuously during the entire 

cruise. A swath of 59 beams provides bathymetric information from twice the width of 

the actual water depth. 

A deep seismic study was carried out during the cruise using ocean bottom seismo

graphs in combination with land based seismometers, concentrating on the northern apron 

of Gran Canaria (Ye et al., 1996). 

At some stations, sediments were sampled, accompanied by heat flow measurements. 

These results are presented in Schmincke and Rihm (1994). 

3.4 ODP Leg 157 

ODP Leg 157 drilled 7 Sites (Sites 950 through 956) in August and September 1994. Three 

are located in the Madeira Abyssal Plain (Sites 950- 952) and four (Sites 953- 956) in the 

volcaniclastic apron of Gran Canada. The first results are published in the Initial Reports 

of the Ocean Drilling Program (Schmincke, Weaver, Firth et al., 1995). 

Sites 953 and 954 were drilled in the basin north of Gran Canaria, Sites 955 and 956 

to the southeast and southwest of the island, respectively (Fig. 10). The main drilling 

parameters are summarized in Table 3. 

distance from water penetration recovered recovery 

Site Position Gran Canaria depth (m] (m] core (m] [%] 
953 28.6503°N, 15.1446°W 58 km 3578 1158.70 761.68 65.7 

954 28.4366°N, 15.5321 °W 30 km 3485 446.90 249.36 55.9 

955 27 .3258°N, 15.2308°W 56 km 2854 599.40 534.08 89. 1 

956 27.6151°N, 16.1633°W 44 km 3442 703.50 457.88 65.1 

Table 3: ODP- Leg 157 drillsites around Gran Canaria. 

When the cores were on board , a number of procedures were carried out, described 

in detail in the Explanatory Notes in Schmincke, Weaver, Firth et al. (1995). This 

includes e.g. core description and sampling in order to determine the litho-, bio-, and 

magnetostratigraphy, the petrography, mineralogy, geochemistry, and physical properties 
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of the sediments. 
The logging program used the foUow ing tools: a seismic stratigraphic tool string, a 

lithoporosity tool string, a geochemical tool string. and the formation microscanner (FMS). 

Downhole measurements were affected by bad hole conditions at two sites in the northern 

basin: at Site 953 logging was limited to- the interval between 372 and 975 mbsf (=meters 

below seafloor), and at Site 951logging was canceUed after technical problems. 

The two main parameters relevant for reflection seismic purposes are density and 

velocity since they determine the reflectivity. Measurements concerning these properties 

are thus briefly described below. The P-wave velocity was determined using four different 

methods: 

1. The P -wave logge r (PWL) of the multi-sensor-track (MST) had sampling intervals 

between 1.5 and 3 cm. Measurements were made along sections of up to 1.5 m length 

with the sediments inside the plastic core barrel liner. At the ends of the sections, 

values are erroneous as well as when voids occurred in the liner. 

2. The Digital Sound Velocimeter (DSV) was used in soft sediments. Two piezo

electric transducers were inserted into the split sediment cores, measuring the travel 

t ime of an acoustic pulse between them. 

3. The H a milton frame was used when the material became more consolidated. One 

transducer is placed on the cut surface of the core while the other is directly beneath 

it, in contact with the core barrel liner. The sample interval using DSV and Hamilton 

frame was typically between 1 to 5 per 1.5 m-section . 

4. The digita l sonic tool (SDT) for downhole measurements recorded the traveltime 

along the borehole waU between a source receiver array. The vertical resolution of 

the tool is approximately 2 feet (6lcm). 

Method I is an in-situ measurement, whereas the first three methods were carried out 

shipboard, on sediment cores which had experienced rebound. 

The density was calculated according to three procedures: 

l. The gamma-ray a tte nuation poros ity e valuator (GRAPE) of the multi-sensor

track had a sampling interval of 0 . .5 to 2.5 cm along whole sections. The method 

is based on comparing the attenuation of gamma rays through the cores with the 

attenuation through an aluminium standard (Boyce, 1976). 

2. Bulk density was determined within the framework of the I nd ex Properties mea

surements. The mass of a discrete sample was measured using an electronic balance 

and subsequently the volume was measured with a helium pycnometer. 

3. The Hig h-temperature Lit hode nsity Tool (IILDT) uses a 13iCe source of 

gamma rays. Attenuation of gamma rays is caused primarily by 'ompton scat

tering, which is a function of electron density. This is converted to bulk density 
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assuming that the ratio of atomic weight and the atomic number for most common 

rock-forming elements is about 2:1. 
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4 Data processing 

4.1 Reflection seismic 

The seismic data were proces ed in two steps: 

1. Prcstack processing at the Department of Earth Sciences. University of Arhus, Den

mark. 

2. Poststack processing at GEOMAR, Kiel. 

The final goal of the processing was to obtain optimized time-migrated se<"tions. Each 

processing step was carefully checked to prevent a reduction of the bandwidth of the signal, 

i.e. to preserve the high resolution of the data. incc the profiles were needed urgently at 

the ODP databank in order to evaluate the drilling proposal, the processing attempted 

to minimize CPU-time whenever possible. This was most important with regard to the 

time consuming migration, especially in view of the data density {trace-distance 3.125 m, 

sampling rate 1 ms). 

The individual processing sequences for each line are shown in the Appendix. The 

description of the processing follows below and is mainly a summary of the more exhaustive 

description in Schmincke and Rihm (1994) and Krastel (199.5). 

4.1.1 Prestack processing 

For the prestack processing in Arhus the software package NORSEIS, developed by GECO, 

Norway, was used. The following processing sequence was applied: 

Editing: The dernultiplexed data were dumped and near-trace plots were displayed in 

order to identify missing shots and noisy /bad channels which then were excluded 

from further processing. In addition, the front mute was determined. 

D e lay: The airgun delay and start delay of the record window were compensated. 

Reverse polarity: The polarity of the data was set according to the standard of the 

Society of Exploration Geophysicists (normal polarity). 

CMP sorting: The data were sorted to common mid point (CMP) coordinates, using 

the field geometry setup. In addition the static corrections for t hC' depth of the 

source and receiver were applied. 

NMO correction: The short streamer length (143.7.5 m) and the large water depths 

(as deep as 3650 m) in the survey area did not allow a detailed velocity analysis. 

Even in shallow water, a velocity analysis was mostly meaningless, because here the 

seafloor was generally formed by the volcanic basement and, hen<"c, only the seafloor 

reflection was visible. Therefore, a regional stack velocity was m;ed: 1.500 m/s in 

the water, 1600 mfs in the upper 400 ms of sediment. and 3000 m/s below and in 

the basalts. The uncertainty of stack velocities is not expected to affect the stack 

quality because data will stack under a broad fan of velocities. 
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Figure 11: Frequency spectra of CMP 1080 of line P203: a) at sea bottom, and b) of a 

reflector 800 ms below sea bottom. 

Offset-dependant scaling: In order to obtain the statistically optimal stack, offset de

pendant scaling was done. This is a time invariant scaling, ajming at a constant 

amplitude level for the 24 traces in the offset rurection. 

Stacking: Data were stacked 3, 4, and 6 fold depenrung on the firing rate given in Table 

2. The stacked traces were normalized with 1/(number of folds) and written on tape 

in SEG-Y format. 

4.1.2 Poststack processing 

The peculiarities of the survey area are reflected in the stacked lines. These are mainly the 

steep island flanks and the rough topography close to the islands, resulting in numerous 

diffractions. Therefore, a migration of the profiles was absolutely necessary in order to 

move dipping reflectors into their true subsurface position and to collapse ruffractions, in 

order to improve the spatial resolution and facilitate interpretation. For the poststack 

processing, the software package GEOSYS (GECO- Prakla) was used and each process 

was considered carefully, because the success of the final migration is not only dependent 

on the proper choice of parameters but also on the effectiveness of the previous processing 

steps. 

Eighteen lines in the apron north of Gran Canaria and in the channel between Gran 

Canaria and Fuerteventura were migrated (listed in Appendix). 

Resampling: The analysis of the amplitude spectra (Fig. 11) shows that the seismic 

energy lies between 20 IIz and 240 Hz. Resampling from lms to 2 ms was there

fore possible without aliasing effects, since the yquist frequency is 250 Ilz. The 

resampling saved 1 ime for all subsequent processes, particularly for the migration. 
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Figure 12: Part of profile P201 , showing aliased energy at the steeply dipping hyperbolic 

reflections from the flank. The corresponding fk-spectrum is shown in Fig. 13. 

Band-pass filter: In order to improve the signal/ noise ratio, time variant band-pass 

fil ters were applied. The filter parameters were determined by means of amplitude 

spectra and band-pass filtered panels. In general, the low cut frequency lies between 

20 and 40 Hz, the high cut frequency between 235 and 160 Hz (decreasing with 

depth/time). 

Coherency filter: In one case (line 204) a coherency filter was applied to improve the 

correlation of reflectors. The use of the filter has to be weighed very carefully since 

CPU- time consumption is considerable. 

fk-filter: Although the CMP trace spacing is very dense (3.125 m), some spatial alias

ing occurred at very steep diffraction hyperbolas {Fig. 12). Without counteracting, 

dispersive noise would have been introduced during migration . Therefore, two meth

ods were applied: sometimes a high-cut filter was sufficient to eliminate the energy, 

in other cases a dip filter (fk-filter) removed the aliased energy (Fig. 12, 13). Dip 

filtering below 3 msftrace was suitable in most cases. 

Deconvolution: In general primary reflections were not disturbed by water- bottom mul

tiples as the penetration of seismic energy ( 1 2.5 s in t he basins) was mostly less 

than the water depth {4.7 s in the basins). Strong water bottom multiples only oc

curred a.t the volcanic flanks with no or only minor sediment coverage. Some of these 

multiples could be removed by the use of a predictive deconvolution. The area in 

consideration lies mostly at the steep island flanks where the CMP stacked data can 

not assume approximately vertical incidence and zero-offse~ recording. Nevertheless, 

the amplitude of the multiples could be reasonably reduced. The Automatic Gain 

Control {AGC) applied to t he final display increased the amplitude again where no 

other reflections were inside the scaling window. 

Stacked data composition: On the more or less horizontally layered parts of the sec

tions, no spatial aliasing is expected. This could influence the success of the migra-
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tion. In tills area, stacked traces were usually generated from every two or four CMP 

stacked traces. This led to an enhancement of the signal/noise ratio with no loss of 

spatial resolution (now having a trace spacing of 6.25 m and 12.5 m, respectively). 

Furthermore the CPU-time needed for migration is reduced accordingly. 

Migration: The migration requires the input of a velocity model along the seismic line. 

Usually this model is derived from the velocity analysis prior to stacking. As streamer 

length compared to water depth was not sufficient to carry out this analysis, a 

number of test migrations with variable migration velocities were computed in order 

to find a suitable velocity distribution. For this purpose, a time migration in the 

frequency-wavenumber (fk) domain was used (Stolt, 197 ). This is a very fast 

algorithm which assumes a homogeneous subsurface. Along each profile several of 

these tests were carried out to define a macro model for the final finite-difference 

(fd) migration in the time-space (tx)-domain or in the frequency space (fx)-domain 

using a 63 degree or 45 degree operator, respectively. The fd migration as a time 

migration is very robust and tolerates large velocity errors while taking into account 

vertical and lateral variations of velocity. The fx- algorithm is very effective for steep 

dipping events without introducing much dispersive noise and, therefore, was applied 

to the steep island flanks, whereas the slightly faster fd migration in the tx- domain 

was applied further basinwards. 

Since the island flanks are characterized by a rough morphology, some energy is re

flected and diffracted from structures beside the profile. Such three-dimensional features 

can not be treated properly with the applied 2D- migration and hence remnants of these 

side echoes are still visible. In particular, diffraction hyperbolas from outside the plane 

cou ld not be collapsed completely. This has to be kept in mind when interpreting the 

lines. 

4.2 Bathymetry 

Processing of the Hydrosweep swath bathymetry data collected during the METEOR 

cruises o. 16/4 and 24 was carried out using the software mbsystem developed at Lamont 

Doherty Earth Observatory. After computing new depth values based on a water velocity 

function representative for the survey area ( mblevitus databank of the mbsystem), erro

neous swaths and individual beams (mostly the outer four) were deleted. The coverage 

of swath lines is shown in Fig. 14 and also shows the data gaps which were filled with 

GEODAS data (National Geophysical Data Center, 1993) and, at a few locations, with 

GEB '0 data (British Oceanographic Data enter, 1994). 

The bathymetric data were merged with a topographic data set in order to identify 

relations between submarine features and structures onshore. For this reason the 1:100,000 

scale Spanish military maps (Servicio Geografico del Ejercito, 19 1 1992) of Gran Canaria 

(100,000 points), Tenerife (50,000 points) and partly Fuerteventura (20,000 points) were 

digitized. 

! 
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The final gridding was made with the mbsystem, applying a spline interpolation for 

data gaps . The grid cell size was chosen between 0.2 and 0.5 minutes, according to the 

size of the actual map. The layout of the maps (Fig. 19, 20, 23, 24) was generated 

using the GMT- software (Wessel and Smith, 1991) with options of 3D-view and artificial 

illumination (shading). 

4.3 Synt he tic seismograms 

The computation of synthetic seismograms is an important tool for correlating seismic 

data with the lithostratigraphy of drillholes. The standard method to obtain synthetic 

seismograms is to use impedance logs from downhole measurements. Impedance is the 

product of P-wave velocity and bulk density. However, since the two ODP drillsites in the 

apron north of Gran Canaria were not logged intensely (at Site 953 only 53 % of the hole 

was logged, and at Site 954 no logging was carried out at all), the logging dataset was 

not sufficient to compute complete synthetic seismograms. For integration of the drilling 

results, the intervals missing in the logging data were filled with laboratory measurements 

carried out on the recovered sediments. This was quite successful in the case of Site 953 

and, with limitations, for a larger part of Site 954 (as discussed below). 

At Site 953, a huge amount of different velocity and density measurements was avail

able, which were, to a large extent, overlapping each other. Velocity data were provided 

by the P-wave logger of the muJti-sensor-track (MST, depth interval 0 192 mbsf), DSV 

(0-76 mbsf), Hamilton frame (1 7- 1157 mbsf), and sonic log (372-963 mbsf). Density 

data were available from the GRAPE sensor of the MST (0 1157 mbsf), the Index Prop

erties (0-1157 mbsf), and the density Jog (372- 987 mbsf) . These data had to be processed 

and merged in a trial and error process to find the best correlation between the seismic 

line P134 (on which Site 953 is located) and the computed synthetic seismogram. 

In the end, the MST data {0- 192 mbsf) were used for the upper part of the final 

velocity function (Fig. 15), because the data density of the overlapping DSV- data was 

only about 1 per 5 m. The erroneous values at the ends of each measured core-section 

(1.5 m length) were deleted. Furthermore, a median filter (filter length 0.25 m) had to be 



34 4 DATA PROCESSING 

applied because the broad scatter in the data introduced artificial reflections. The second 

part of the velocity function consists of Hamilton frame data (192-372 mbsf) since no 

other data were available. The third part was provided by the sonic log (372 963 mbsf). 

Since the main part of reflections is produced by only thin (meter-size or even less) in

terbeds of volcaniclastic material, the best results were achieved using raw data, even 

though some spikes are probably erroneous. But filtering of t he logging data seems to 

flatten the characteristics too much (amplitudes become too low). The last part of the 

velocity function was again made using the Hamilton frame (963 1157 mbsf). However, a 

velocity correction had to be applied because the reflectors did not fit well. A systematic 

offset was detected below ea. 720 mbsf where the Hamilton frame velocities were systemat

ically higher t han the logging velocities. The reason for this deviation is unclear; possible 

explanations include: 

• systematic error in the Hamilton frame measuring instrument (improbable), 

• selective coring, i.e. softer sediments with a lower velocity tend to be washed out of 

the core, 

• selective measuring , that is the measu red points arc not representative for the cored 

sediments, 

• anisotropy, because the velocity measured using the Hamilton frame was made per

pendicular to the core axis, i.e. in the bedding plane, not along the core axis. 

Nevertheless, the average velocity for the interval 720 963 mbsf was 306 m/s higher 

for the Hamilton frame than for the sonic log. Therefore, 306 mfs was applied as the 

velocity correction. 

The final density function contains only Index Properties measurements. The GRAPE 

density was eliminated because the necessary filtering of the values for t he upper interval 

(0- 192 mbsf), in combination with the smooth -filtered MST velocities, did not produce 

the necessary impedance variations to fit the observed reflections. In the lower interval 

down to 1157 mbsf, the GRAPE densities are erroneous, since the applied rotary drilling 

technique resulted in core disturbances and variable core diameters. The decision as to 

whether to use Index Properties or the density log was made on the basis of a comparison 

of the correlation with the seismic data. The Index Properties proved to be slightly better . 

At Site 954, the situation is more complicated. On the one hand, t he seismic reference 

line P210 for comparison with the synthetic seismogram is located 200 m downslopc of 

the drillsite where different reflectors of different dip result in a more difficult correlation. 

On the other hand , only core measurements are available, i.e. no quality check is possible 

with in-sit u downhole measurements. Moreover, the core recovery was only 55%. In other 

words, no data are available for 45 % of the hole. Therefore, the velocity function was 

composed of the DSV (0 50 mbsf), and Ha milton frame data below 50 mbsf. T he M T 

data were excluded, since the loose sand intervals did not transmit sound effectively. For 

the density function, Index Properties values were used again . 
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Figure 15: Computation of the synthetic seismogram at ODP Site 953. The bulk density 

is derived from the Index Properties, the P-wave velocity is composed of MST, Hamilton 

frame, and sonic log data. The synthetic seismogram results from the reflectivity convolved 

with the source wavelet used during the M24 survey (Fig. 17). 
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Figure 16: Computation of the synthetic seismogram at ODP Site 954. The bulk density 

is derived from the Index Properties, the P-wave velocity consists of DSV and Hamilton 

frame data. The synthetic seismogram results from the reflectivity convolved with the 

source wavelet used during the M24 survey (Fig. 17). 

The next step was to convert velocity (v) and density (p) to time using the t ime-depth 

relation calculated from the velocity. The data were then sampled at 1 ms intervals and 

the reflectivity ( R) was derived using the formula 

R = P2V2- PIV1 

P2V2 +PI Vt 

with the indices 1 and 2 distinguishing two successive samples. The reflectivity was then 

convolved with the source wavelet used during the reflection seismic survey (Fig. 17}. The 

wavelet was computed from stacking 100 direct arrivals using the same sleevegun cluster 

as during METEOR cruise No. 24 (Larsen, Saunders, 'lift et al., 1994). The computed 

synthetic seismograms do not consider internal multiples. However, comparsion with the 

seismic data justifies this simplification. 

To closely match the original seismic lines, the synthetic seismograms were resampled 

at 2 ms, random noise was added, the data were band-pass-filtered correspondingly (time 

variant) and an AGC normalization was applied. The synthetic seismograms arc shown 

in Figs. 15 and 16; the correla tion with the original seismic lines is discussed in the next 

• 
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For the mapping of reflectors it is convenient to convert travel times to depth. Since 

the correlation between seismic line P134 and the computed seismogram at Site 953 is 

quite good , a smoothed velocity- depth function for that site was computed assuming a 

linear increase of velocity with depth (v = v0 + c=, with vo the velocity at 0 mbsf, c 
the velocity increase, and z the depth). The best fit was achieved with c = 1.22s- 1 and 

v0 = 1532ms-1. fhe relation between z and the two-way-traveltime (tor TWT) is given 

by 
Vo !.!. 

z = - · ( e 2 - 1) , that is 
c 

z[m] = 1256. (e0.0006l ·TWT[m.,)_ 1). 

This relation is plotted together with the original data in Fig. 1 and is used as the 

regional velocity function in the apron north of Gran Canaria when calculating depth 

from traveltime. 
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Figure 1 : Relation between two-way-traveltime and depth below sea floor at ODP Site 

953. The dotted line shows the original data used for computation of the synthetic seis

mograms, the solid line gives the best fit to the data assuming a linear increase of velocity 

with depth (v = v0 + cz). 
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5 Structure of t he apron 

5.1 Submarine morphology 

The new bathymetric mapping in the area between Fuerteventura and Tenerife provides 

information about the submarine morphology of Gran Canaria, the adjacent islands, and 

the basins to the north and the south. 

The map (Fig. 19) includes the southwestern tip of Fuerteventura, Gran Canaria, and 

the larger part of Tenerife. The submarine shelf of Fuerteventura extends some 30 km 

to the WSW, reflecting 14 million years of erosion at the abrasion platform on the tip 

of the Jandia peninsula. Some 25 km to the northwest (2 °13'1\, l-1°46'W), there is a 

ea. 60 m deep round to elliptic plateau with a diameter of 12 km. The channel between 

the plateau and Fuerteventura is ea. 50 m deep. In navigational charts (e.g. Bundesamt 

fiir Seeschiffahrt und Hydrograprue, 1991) the plateau is annotated as Bajo de Amanay 

(engl. Amanay Shallow). 

As the word shallow is not an appropriate geological term, the structure has to be 

discussed in more detail. The expression guyot fits very well the observed morphology. !less 

(1946) originally defined a guyot as a fiat-topped peak, circular or oval in plan view, and 

with relatively steep side slopes suggesting a volcanic cone. All these criteria are fulfilled, 

apart from the fact that later Smoot ( 19 0) demanded a minimum summit plateau area 

of 167 km2 ( = 50 nm2 ). Even though the plateau area is smaller, in a morpholigical sense 

it is a guyot. The depth of the flat plateau is 60 m and hence shallower than 200 m, where 

an arbitrary boundary separates guyots (> 200 m) from oceanic banks ( < 200 m) which 

are morphologically identical (Menard, 1964). Therefore the name Amanay Bank is the 

correct term for the plateau. The slope of the Amanay Bank is up to 16° (towards the 

northwest between the 1000 and 2000 m isobath ). 

Gran Canaria lies 5 km to the west of Fuerteventura, an almost circular island with 

a diameter of ea. 45 km. Deviations from these circular patterns are visible in the form 

of concave indentations in the coast-and shelfline. The channel between the two islands 

forms a topographic swell between the basins north and south of Gran Canaria. The 

depth of the channel is 1550 m, whereas the channel between Gran Canaria and Tenerife 

is 60 km wide and 2250 m deep. Tenerife, with its volominous Pleistocene volcanism, has 

no pronounced shelf; the steep slopes onshore Tenerife seems to continue under water. 

The basin north of Gran 'anaria is 3650 m deep and is protected from continent

derived sediment influx by the East anary Ridge (Schmincke, Weaver, Firth et al., 1995), 

formed by Fuerteventura, Lanzarote and, as northward submarine continuation, the C'on

cepcion Bank (Fig. 1). The north-south elongation of the ridge is 350 km. The southern 

basin, however, has received a large terrigeneous input from Africa, and has frequently de

rived slumps from the continental margin (von Rad, Ryan et al., 1979; Schmincke, Weaver, 

Firth, et al., 1995}, resulting in a slight decrease in water depth towards the continental 

margin (0 .. 5° slope dip south of Gran Canaria). The water depth south of Gran 'anaria 

(3000 3400 m) is less than north of the island (3650 m). 
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15"W 

16"W 

Figure 19: Bathymetric map around Gran Canaria. The data coverage is shown in Fig. 14, 

gaps are filled with GEODAS and GEllCO data. The contour-interval is 200 m, the grid-

interval is 0.5'. 
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Figure 20: Three dimensional view on Fuerteventura, Gran Canaria, and Tenerife. The 

view is from the northeast, the artificial illumination from the northwest. The vertical 

exaggeration is 10, the grid interval is 0.5'. 

In the three-dimensional view of the area (Fig. 20), the influence of the continental 

margin is noticeable, with a slight increase of water depth basinwards in the south due to 

additional sediment input , whereas the northern basin, better shielded from Africa, has an 

almost constant water depth. Furthermore, the progressive erosion is well illustrated with 

a very flat relief and a broad shelf at Fuerteventura, a smaller shelf at Gran Canaria with 

a volcanic edifice clearly characterized by erosion, even though the island is almost 2000 m 

high, whereas the youngest island, Tenerife, seems not to have been much influenced by 

erosion. 

The close-up view of Gran Canaria (Fig. 21) displays many details, illustrating the 

dynamics in growth and erosion of a volcanic island. The subaerial part of the island is 

surrounded by a shelf before turning into the steep submarine flanks. At their foot region, 

the slope flattens into the basins. The width of the shelf is variable, as well as the shape 

and slope of the flank. Larger scalloped zones are visible in the south, west and north. 

The extension of the shelf/flank to the SSW (Figs. 21, 22, 23) represents a sediment 

apron. The canyon system on Gran Canaria provides the path for the transport of erosional 

products from the island into the sea. The canyons (span. barranco) run radial from the 

center of the island to the coast and are up to several hundred meters deep, like the 

Barranco de Arguineguin, one of the most prominent canyons on the island, which runs to 

the sediment apron. The lateral extension of the apron fits with the seaward continuation 

of a collapsed sector (Fig. 22) on Gran Canaria and triggered a large debris avalanche in 
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the Pliocene, the Roque Nublo debris avalanche (Mehl, 1993; Garcfa Cacho et al., 1994; 

Schmincke, 1994). Mehl (1993) has calculated a volume of 14 km3 of debris on Gran 

Canaria connected with this avalanche. Further debris can be expected under water. 

However, the main part of the sediments in the apron are erosional products of the island 

and have entered the sea through the canyon system for the past 15 million years . 

The radial ridge at the west coast of Gran Can aria (IIogarzales) is at least partly 

formed by slide deposits. Krastel (1995) found a blocky basement structure at the toe of 

the ridge. One block is 4 km long and some 500 m high. The deposition of this block 

was prior to the shield-building phase of Tenerife, whose flank onlaps onto the block. In 

the vicinity of the ridge is a major scar in the shield volcano of Gran Canaria which was 

developed prior to the emission of the youngest basalt series (Hogarzales Formation) and 

named Hogarzales Basin (Schmincke, 196 ). The slide deposits which presumably are 

associated with the formation of the scar have not yet been recognized (Schmincke, 1994) 

and hence, the blocks of the ridge could present these deposits. If that is the case, the 

lfogarzales ridge would be older than 14.1 Ma. Sediment supply by the nearby Barranco 

de San Nicolas could smooth the rough structure of the ridge basement. The amount of 

sediment supply is indicated by some 00 m of sediments at the toe of the ridge deposited 

subsequently to the shield-building of Tenerife. 

In the northwest, the coast of Gran Canaria is characterized by a large indentation 

close to the western rim of the Tejeda caldera (Fig. 7, 22, 24). The landward indentation 

is still visible in the 100 m contour-line. Further downslope a broad mass was deposited, 

characterized by a hummocky morphology, particularly in the foot region. This descrip

tion suggests a slide origin of the mass, probably a debris avalanche, with a well defined 

amphitheater at its head and the apron-like, hummocky terrain at its end, with several lon

gitudinal ridges/valleys. The indentation represents the wall of the amphitheater. Scars 

are not visible onshore suggesting that the involved region on the island was eroded sub

sequent to the mass wasting event by marine abrasion . The average shelf widening for the 

Canary Islands is given by Menard ( 19 3) to be between 0.6 to 0. 7 km per million year. 

Hence, the shoreline has moved landwards several kilometers since the slide event, possi

bly triggered by the formation of the caldera, 14.1 my ago. Approximately simultaneous 

caldera collapse and landslide generation is reported e.g. on Piton de la Fournaise (Lenat 

et al., 19 9) . 

The shape of the shelf and flank to the north of Gran Canaria suggests that this was 

the source region of a landslide since the broad scallop between the NNW and La Isleta, 

with its steep flanks shows typical features of a failure scarp. The seismic data show an 

up to 0 m thick debris flow unit north of the scallop, advancing more than 60 km into the 

basin. The deposition of the unit was at ea. 12 Ma and can be seismically correlated with 

lithologic unit IV at ODP Site 954, composed of basaltic breccia, representing the basaltic 

shield of Gran Canaria (Schmincke, Weaver , Firth et al., 1995). Therefore, the debris flow 

is interpreted to be the result of a collapse at the northern flank of Gran 'anaria. The 

patterns of the slide, a well defined amphitheater at the island flank and the dimensions 
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Figure 21: Close-up of the bathymetry around Gran Canaria, plotted together with the 

topography. The data coverage with swath-bathymetry is shown in Fig. 14. Gaps are filled 

with GEODAS and GEBCO-data. The contour-interval is 100 m; the 1000 m isobaths 

are plotted bold. The grid-interval is 0.2'. The plot is shaded by an artificial illumination 

from the east. 



44 5 STRUCTURE OF THE APRON 

16. OO'W 15• 30'W 15• OO'W 

28. 30'N ~..----~-----.--...t==:y:;::==========;::;::=::=r:::;======tt 28. 30'N 

28. OO'N 28. OO'N 

27" 30'N ~------------~=~============~=======~ 27" 30'N 
16. OO'W 15· 30'W 15· OO'W 

Figure 22: Bathymetric map of Fig. 21 plotted together with the main structures discussed 

in the text. Canyons are dotted; arrows indicate the direction of mass transport . 
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Figure 23: Three dimensional view of the southern part of Gran Canaria. View is from 

the southeast, shading by artificial illumination from the northeast. Grid interval is 0.2 1
, 

vertical exaggeration is 10. The apron in the SSW is interpreted as formed by erosional 

deposits of the island. 
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Figure 24: Three dimensional view of the northern part of Gran Canaria. View is from the 

northeast, shading by artificial illumination from the west . Grid interval is 0.2', vertical 

exaggeration is 10. The deposits in front of the coastline indentation in the northwest may 

represent slide deposits. 
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Figure 25: Morphologic profiles crossing Gran Canaria. The locations of the profiles are 

shown in the small inset. Vertical exaggeration is 10. 

of the deposits (long compared to width), indicate mass wasting as a debris avalanche, 

turning into a debris flow further downslope. 

The narrow shelf at the northern flank with the shelf break 1 2 km off the island 

(Fig. 25) suggests that Pliocene and Quaternary volcanism, as well as erosional products, 

have prevented a shelf widening. 

In the northwest another small ridge ( Galdar) extends to the northeast and is con

nected with the small indentation at the coast . This ridge has deflected mass flows entering 

the sea at northern Gran Canaria to the northeastern part of the apron, as can be seen 

by the westward decrease of reflectivity in the apron. 

The peninsula La Isleta in the northeast is characterized by young volominous volcan

ism (Schmlncke, 1994; see also geological map Fig. 7) with an irregular morphology and 

the steepest flank slopes of Gran Canaria up to 25-30°. Hence, the La Isleta submarine 

ridge may represent its submarine continuation. About 7 km northeast of La Isleta, a 

plateau like feature is located , with three radial ridges in the sector from the west to the 

NNE which could be lava flows. Alternatively, these ridges could represent fissure erup

tions, but at least for the northern ridge there is no seismic evidence for fissures in the 

underlying sediments. Furthermore, the seismic data suggest a young (Quaternary) age 

for the ridges. 

No typical shelf developed at most parts off the east coast . The subaerial flanks seem 

to continue under water without a major change in slope dip or shelf break (Figs. 21 , 22, 25) 

which may be due to several reasons. First, the already flat slope (due to the topographic 
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swell between Gran Canaria and Fuerteventura) formed during the shield-building phase 

of Gran Canaria. Second, the severe and prolonged erosion along the eastern slopes of 

Gran Canaria (Schmincke, 1994), provided enough material to compensate for marine 

abrasion. At least some of these deposits seem to be supplied by slides, e.g. east of Telde 

a scar can be traced from the coast line down to the 00 m isobath and may continue as 

an erosional channel towards the northeast and further to the north. 

The combination of bathymetry and topography also allows identification of submarine 

continuations of the well-developed canyon system on Gran Canaria. Even though the data 

coverage close the shore line is often sparse, a number of the submarine continuations of 

the canyons can be recognized. The most prominent offshore continuation is seen at the 

Barranco de Guiniguada in the northeast, which is connected with a 53 km-long submarine 

channel , terminating in the deep northern basin (Fig. 21, 22). The channel cutting is 

up to 3.5 km wide and 200 m deep. The age of the Barranco de Guiniguada is some 

4 my (Schmincke, personal communication). In the north, two other barrancos show a 

submarine continuation (Barranco de Moya, Barranco de Azuaje). In the outhern region 

several submarine channels are recognizable, some like the continuation of the Barranco 

de Arguineguin are branched downslope and then again intersect with other channels, 

forming a channel system. 

A last point to mention is the hummocky region located some 10 km southeast of the 

northeastern tip of Tenerife (northwest corner of Fig. 21 ). The structure is caused by a 

number of large blocks with a diameter up to 500 or even 1000 m. Their location suggests 

a larger mass wasting event as the origin, with the Anaga massif on Tenerife as the most 

probable source area. 

5.2 Stratigraphy 

The two drillsites in the volcanic apron north of Gran Canaria provide for a detailed 

analysis of the apron by analysis of the volcanic and non-volcanic sediments, and their 

lithostratigraphic and biostratigraphic correlation. Correlation of seismic reflectors be

tween the drillsites and across the apron allows a detailed reconstruction of the apron. 

The synthetic seismograms used to link the drilled lithology with the seismic reflection 

data enables assigning many individual reflectors to volcaniclastic layers. The large num

ber of reflectors, in conjunction with the combined litho , magneto and biostratigraphy, 

allows a detailed temporal resolution of the basin evolution. Fig. 26 shows the location of 

the two drillsites and the seismic lines in the northern apron. 

The classic seismic sequence stratigraphy introduced by Mitchum et al. (1977), which 

defines the boundaries of depositional sequences by unconformities and their correlative 

conformities, is extremely difficult to apply to the apron studied. The reason for this is 

the type of sedimentation of volcaniclastics in the vicinity of the steep island flanks, which 

is characterized by discontinuous, irregular and partly chaotic patterns caused by mass 

wasting events as one of the main depositional processes in this area. Terminations are 

in general not systematic, irregular, not confined to special horizons and are distributed 
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Figure 26: Location map of seismic profiles in the northern apron of Gran Canaria. Every 

1000th C lP is dotted, every 4000th CMP is labeled. Contour interval of the bathymetry 

is 200 m. The two ODP drillsites in the area are marked by filled circles. All lines between 

profile Pl02 in the west and profile P130 in the east are discussed in this paper. 

over the entire sediment column. Therefore, it is more applicable to combine groups of 

reflectors with respect to vertical facies changes which can be related to changes in volcanic 

activity on the islands. Prominent reflectors or reflector bands are suitable markers for 

such vertical facies changes. 

The seismic stratigraphy is also often used to determine sea-level changes. In the case 

of Gran C'anaria, such analysis is not possible because only minor sediments are deposited 

on the shelf and the island flanks. onetheless, sea-level changes are known to be reflected 

on Gran 'an aria ( Lictz and Schmincke, 1975) and uplift of submarine basement corn plcxes 

Ccl.using relativ<> sea-level changes seems to be common on the Canary Islands, documented 

e.g. on La Palma (Staudigel and Schminckc, 19 4) and Fuerteventura (Le 13as et al., 19 6). 

5.2.1 Lithostratigraphy of ODP Sites 953 and 954 

'1 he lit host ratigraphy of 0 D P Sites 953 and 951 is described in full by Schmincke, Weaver, 

Firth et al. ( 1995). Only a short summary of their description is given here. 

ite 953: fh<> sedimentary succession rang<>s in age from middle Miocene to Recent and 

is 115 .7 m thick. The sequence is subdivided into seven major lithologic units a nd three 
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subunits (Fig. 27): 

Unit I from 0-197 meters below. eafloor is late Pliocene to Recent in ag . The dominant 

lithology is clayey nannofossil ooze which is formed by pelagic and h,..mipelagic cd· 

imentation. The remaining intcrbeds (clay· ilt, mcc;sive forarninifl'r and . stratified 

foraminifer Lithic sands, foraminifer lithic . ilts and sand , pumice and. and vol· 

canic ash) represent emplacemC'nl of mixed volcaniclastic and carhonatf' sediments 

by gravity flow processes and eolian transport following explosiV<• volranic eruptions. 

U nit 11 from 197- 261 mbsf is late Pliocene in age. It is distinguish<>d from nit I by an 

increase in the amount of coarse, basaltic volcanicla tic . ediment and the pr(• ence 

of thick to very thick bedded basaltic lapillistones and coarse and ton(l . 

Unit Ill from 264 39 mbsf is early Pliocene to late Miocene in ag<•. 'I he dominant 

lithology is clayey nannofossil ooze which is interbedded with minor gradNI nan· 

nofossil clay-silt, foraminifer lithic silts and sands, and forarninifer ands. In manv 

cases the sequences show soft sediment deformation structures indicating, slumpin~ 

of unconsolidated sediments (from about 321 3 mbsf). 

Unit IV from 39 - 50 mbsf is late to middle ~ l iocene in age. The major lithologi •s 

include nannofossil chalk, nannofossil mixed sedimentary rork, foraminifer sands. 

lithic-crystal sands and silts, lapillistones, vitric tuffs, nannofossil daystonc and clay

stone. Unit IV has been subdivid<>d into thre<> subunits bas<>d on thl' fr<>quency and 

lithology of volcaniclastic sediments emplaced by sediment gravity flows. 

Sub unit IV a from 39 50 I mbsf consists of nannofos il mixed ~Sedimentary rock 

and nannofossil chalk which is interbedded with nannofossil clay. tones and 

claystones which typically grade downward into lithic-crystal siltstone or sand· 

stone. 

Subunit IV b from 504 751 mbsf consists of nannofossil mixed sedimentary rock 

which is interbedded with nannofossil claystones and claystone~ which ty pic.llly 

grade downward into lithic, crystal or vitric siltstone and sandstone bases. l'hc 

unit is distinguished from Subunit IVa by the increasing thicknC'ss and grain 

size of volcaniclastic sandstones and the more common orcurencc of d<'bris flow 

and slump deposits. 

Sub unit IV c from /.51 50 mbsf consists of interbedded nannofossil mixed sPdi

mentary rocks, crystal vitric sandston<'s and siltstone:.. lapillistones, vit ric t uff. 

graded nannofossil clay-sandstones. annofossil chalk is present as a minor 

lithology. The primary distinction from ubunit IVb is the major increase in 

the abundance of coarse and fine vitric material in th<' siltstone and sandstone 

units. 

U nit V from 50 9 mbsf is middle ).liocenc in age and is comprised of nannofossil 

mixed sedimentary rock. nannofossil clays tone. clays ton<', lit hie crystal siltstonC's 
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Figure 27: Lithostratigraphy at ODP Site 953 (from Schmincke, Weaver, Firth et al. , 

1995). Depth values are given in meters below seafioor (mbsf). Black fields in the Core 

Recovery Column represent the amount of sediment recovered in each core. Age points 

are given in million years and are accompanied by a correlation with the volcanic activity 
on Gran Can aria. 
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and sandstones, and lapillistones. The dominant lithology id graded . equences of 

nannofossil claystone or claystone which grade downward into basal lithic-crystal 

siltstone and sandstone. 

Unit VI from 89 969 mbsf consists largely of thick to very thick bedded basaltic sand

stone, lapillistone and breccia which are occasionally interbedded with thinner units 

of calcareous claystone and nannofossil mixed sedimentary rock. The age is mid

dle Miocene but the time represented by the unit is difficult to constrain because 

microfossil-bearing sediments are not common. 

Unit VII from 969- 1159 mbsf consists entirely of hyaloclastite tuffs. lapillistones and 

breccias. The age of the unit is early Miocene, but its duration is poorly constrained. 

The depositional history of the above mentioned volcaniclastic sediments at Site 953 

starts with 

• Unit VII, mainly emplaced by debris flows; fine-grained, parallel laminated tuffs were 

more likely deposited from high concentration turbidity currents. The hyaloclastite 

fragments were probably formed by shallow submarine eruption of basaltic magma. 

• Unit VI at Site 953 is believed to present the outermost flank of the shield volcano of 

Gran Canaria comprising both subaerial and shallow submarine volcanism deposits. 

The emplacement of material was by debris flows and turbidity currents. 

• Sedimentation in Unit V was dominated by numerous turbidite events with a very 

regular repetition. 

• The highly explosive dominantly ignimbritic Mogan phase of volcanism on Gran 

Canaria (13 .4- 14 Ma) was probably a major source of volcaniclastics in Subunit IVc 

in which material was transported to the basin by turbidity currents. 

• The Fataga phase of volcanism and erosion of its subaerial products were a major 

source of volcaniclastics in Subunit IVb, primarily deposited by turbidity currents. 

• In Subunit IVa the flux of volcaniclastic material decreased but the number of tur

bidite events increased. 

• The influx of volcaniclastic material further decreased in nit III, coinciding with 

the major hiatus in volcanic activity on Gran C'anaria. The sedimentation was dom

inantly pelagic with rare influxes of coarse volcaniclastic or shallow water carbonate. 

• The Roque Nublo phase of volcanism is presented in Unit 11 by a sequence of thick

bedded turbidites. 

• In the remaining 3 my to present (Unit l), sedimentation has been dominantly pelagic 

with an increase in the amount of shallow water carbonate delivered by turbidity 

currents and an intermittent supply of volcaniclastic material most likely derived by 
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the reworking of subaerial volcanic deposits. The remarkable coarse beach sands , 

rich in neritic biogenic material recovered in the upper 100 m, ar<' interpreted as 

turbidites possibly related to glacially controlled changes in sea level. 

Site 954 was drilled more proximal to Gran C'anaria (Fig. 26). The sedimentary succession 

is 446 m thick and is subdivided into 4 lithologic units (Fig. 2 ): 

Unit I from 0-177 mbsf is Pleistocene to late Pliocene in age and consists predominantly 

of nannofossil ooze with foraminifers and massive bioclastic sand with interbeds of 

crystal lithic sands, vitric ash and lapillistone. 

U nit II from 177 179 mbsf is late Pliocene in age and consists of lapillistone. 

Unit Ill from 179-40 mbsf is early Pliocene to late Miocene in age. The dominant 

lithology is nannofossil chalk interbedded with minor clayey nannofossil mixed sedi

mentary rock and crystal-lithic siltstones and sandstones . The unit contains a thick 

slumped sediment sequence (302-359 mbsf). 

Unit IV from 408- 446 mbsf is middle Miocene in age (ea. 14 Ma) and is comprised 

exclusively of basaltic breccia. Between the units Ill and IV there is a hiatus. 

The depositional history at Site 954 is as follows: 

• The breccias in Unit IV resemble those of Unit VI at Site 953. The breccia is basically 

a mixture of subaerially-derived and shallow-water volcanics which typically occur 

during the emergent phase of volcanic islands. The poor sorting, matrix-support 

of clasts, and structureless character suggests emplacement by one or more debris 

flows. The hiatus between these ea. 14 my old rocks and the 10.7 my old base 

of Unit Ill is interpreted in Schmincke, Weaver, Firth et al. (1995) as due to the 

removal by slumping of the missing sediments. The analysis of the seismic data 

suggests an alternate explanation, namely that some of the missing sediments have 

been overridden by a large debris flow representing Unit IV (reworked, 14 Ma old 

material). This ea. 12 Ma old debris flow could have originated from a larger debris 

avalanche further upslope. Site 954 was drilled into the top of a mound and, hence, 

the debris flow was followed by an interval of nondeposition, lasting from ea. 12 to 

10.7 Ma. 

• In Unit IJI the sedimentation was dominated by pelagic deposits punctuated by 

the influx of volcaniclastic sand, silt and clay in the form of turbidity currents. 

The slumped sediment sequence is most likely correlative with that of Site 953 and 

represents a period of instability which affected a large part of the northern flank of 

Gran Canaria. 

• The on ly 2 m thick lapillistone layer recovered in Unit II was deposited by dehris 

flows during the Roque Nublo phase of volcanism on Gran C'anaria. 
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Figure 28: Lithostratigraphy at ODP Site 954 (from Schmincke, Weaver, Firth et al., 

1995). Depth values are given in meters below seafloor (mbsf ). Black fields in the Recovery 

column represent the amount of sediment recovered in each core. 
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• In Unit I the sedimentation was mainly pelagic. Turbidite calcareous sand are de

rived from shallow water carbonate sources. Volcanic sands result from erosion and 

reworking of mainly malic epiclastic material from Gran Canaria. The remarkable 

beach sands in the upper 100 m are more coarse grained than similar sands recovered 

at Site 953. 

5.2.2 Correlation of the se ismic data with the drillsite lithology 

In order to identify the drilled lithologies in the seismic data, synthetic seismograms were 

computed, even though for Sites 953 and 954 complete and continuous velocity and density 

datasets were not available (see Processing chapter. page 33). By means of the synthetic 

seismograms, a number of reflectors could be assigned to specific lithologies, mainly vol

caniclastic interbeds. 

Site 953 

Figure 29 shows the correlation between the synthetic seismogram computed for Site 953 

and seismic line P134, crossing the site at CMP 17780 (Fig. 26). The synthetic seismogram 

fits surprisingly well with the seismic data if one considers that only half of the site was 

logged. Minor differences can be explained by the incomplete dataset. Discrepancies 

shallower than 5.0 s two-way t ravel time (TWT) are mainly due to an insufficient sampling 

rate for the Index Properties measurements, caused by the rapid flow of cores in the 

laboratory. Further downcore (down to ea. 5.15 s and below 5.65 s TWT) many intervals 

had low core recovery, probably masking some reflectors. 

Reflectors identified in the seismic data and in the synthetic seismogram are listed in 

Table 4, and, where possible, the reflecting lithology is given. Several of these lithologies 

are labelled with question marks, indicating that the reason of the reflection could not 

be determined unequivocally. For example, this might be the case where amplitudes do 

not fit very well or where lithologies in the vicinity were not sampled but could have 

caused the reflection. The reflectors are numbered from the seafloor (No. 0) downcore 

(Fig. 30). The reflector ages are taken from the Sediment accttmttlation rates section in 

Schmincke, Weaver, Firth et al. (1995), where age points derived from biostra.tigraphy, 

paleomagnetic and stratigraphic correlation to Gran anaria are given. 

The volcaniclastic layers listed in Table I are in general thinner than 2 m, often 

< 1 m. This is considerably less than half of the seismic wavelength which would be the 

limit of vertical resolution. It therefore seems reasonable to discuss the vertical resolution 

in order to prevent misunderstandings. Dadley ( 19 5) explains that an interbedded layN 

has to be thicker than half the seismic wavelength to enable resolution of its top and base. 

Thinner layers appear as one single reflector with a maximum amplitude at one quarter 

of the wavelength - the tuning thickness. For thicknesses below one quart<'f wavclength, 

the reflection remains the same shape but decreases in amplitude. Once the thickness is 

about one-thirtieth wavelength or less, there is no detectable response. This explains why 

thin volcaniclastic beds eau be detected as single reflectors. Applying this knowledge to 
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Figure 29: Part of seismic line P 134 plotted together with the synthetic seismogram at 

ODP Site 953. T he seismic data are stacked, scaled with an AGC (50-200 ms) and band

pass fi ltered (30- 230/ 160 Hz). Random noise was added to the 10 synthetic traces . 
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Figure 30: Part of seismic line Pl:ltl with synthetic seismogram at ODP Site 953 and the 

seismic and lithologic units converted to two-way travel time (TWT). The age is taken 

from the Sediment accumulation rates chapter in Schmincke, Weaver, Firth et al. ( 1995). 

The two age lines in Unit VII give minimum and maximum ages. The small numbers to 

the right of the seismic data refer to individual reflectors as listed in Table 4. 
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Re flee Depth [:] Age [Ma) tor [mbsf) Reflection causing lithologies (and comments) 
0 0.00 4745 0.0 seafloor 
1 11.45 4760 0.26 clayey medium to coarse-grained silLy pumice sand 
2 20.60 4772 0.26- 0.46 s ilty fin e- medium grained foraminifer pumice sand 
3 23.90 4777 0.26- 0.46 calcareous sand 
4 30. 17 4785 0.46- 0.78 basaltic sand 
5 45.85 4805 0.78 0.83 silty crystal lithic sand (_amplitude difference d ue to low recovery) 
6 55.49 4818 0.99- 1.06 clayey nannofossiJ ooze (weak reflector ) 
7 60.77 4826 0.99- 1.06 crystal lithic sand 
8 72.61 4840 1.07- 1.24 calcareous sand with volcanic lithics 
9 96.40 4871 1.24- 1.46 foraminifer lithic sand 

10 130.73 4916 1.77- 1.92 massive lithic to calcareous sand 
11 149.74 4940 1.92 massive foraminifer sand with lithics (weak reflector, low continuity) 
12 170.53 4967 2.61- 2.76 foraminifer silt with lithics and crystals 
13 176.00 4974 2.61 - 2.76 clayey nannofossil ooze? 
14 206.23 5010 3.09 foraminifer sandstone 
15 225.70 5030 3.22- 3.58 foramtnifer lithtc sandstone 
16 237.59 5041 3.79 lapillistone 
17 257.54 5058 4.01 lapillistone (weak reflector, low continuity) 
18 267.67 5070 4.29 silty, foraminifer nannofossil chalk (weak reflector) 
19 278.07 508 1 4.39 nannofossil chalk (weak, discontinuous reflector) 
20 296.19 5099 4.80 density 1 velocity m crease in a nannolossil chalk sequence 
21 313. 12 5118 5.23 5.56 lithic crys tal sand 
22 325.53 5130 5.56- 5.87 indurated nannofossil ooze (weak reflector) 
23 337.50 5144 5.87- 5.88 clay with nannofossils (grading to lith ic crystal sand), weak reflect. 
24 350.81 5157 5.88- 6.50 slump unit consisting of ooze, clay, silt, mixed rock 
25 361.35 5167 6.64 6.70 ? 
26 385.85 5185 7.62 -8.03 foraminifer lithic crystal sand (weak, discontinuous reflector) 
27 399.73 5200 8.17- 8.20 indurated clay with nannofossil (weak and discontinuous reflector) 
28 409.80 5210 8.40-8.63 calcareous sandstone ? 
29 417.79 5219 8.40- 8.63 indurated clay ? 
30 442.71 5242 8.80 stJty clays tone 
31 455.00 5254 8.80- 9.22 claystone ? 
32 470.39 5271 9.22 9.40 nannofossil chalk ? 
33 495.30 5293 9.99 lithic c rystal sandstone ? 
34 516.44 5312 10.40- 10.70 nannofossil claystone 
35 556.83 5350 10.99-11.30 lithtc crystal sandstone 
36 594.7 1 5385 11.30- 11.70 lithic crystal sandstone 
37 601.86 5390 11 .30 11.70 lapillistone 
38 621.49 54.08 12.10- 12.30 lithic crystal sands tone? 
39 633.90 5419 12.10- 12.30 ? (logged and not recovered?) 
40 689.14 5467 12.10- 12.30 s iltstone 
41 710.40 5485 12.93 13.08 siltstone ? (weak and discontinuous reflector) 
42 749.72 5519 13.25- 13.45 nannofossil claystone, graded to crystal siltstone 
43 755.34 5524 13.25-13.45 claystone ? (close to not sampled sandstone) 
44 768.32 5535 13.45- 13.60 vitric tuff 
45 787.20 5552 13.60- 13.67 calcareous vttric siltstone '! (weak reflector) 
46 794.45 5559 13.67- 14.00 lithic crystal vitric tuff 
47 822.44 5584 13.67-14.00 vitric rich claystone with sandy vitric tuff 
48 842.17 5602 13.67- 14.00 nannofos. clayst. grading down to lithic crystal sandst. with pumice 
49 863.22 5618 14.00 15.80 claystone grading down to lithic crystal sandstone (weak reflector) 
50 920.42 5660 14.00 15.80 lapillistone with basalttc breccia 
51 988.44 5709 14 .00- 15.80 pebble-and granule sized fine-grained hyaloclastite tuff 
52 1029.97 5737 > 15.80 high velocity unit in hyaloclastite lapillistone 
53 1066.83 5756 > 15.80 transition from hyaloclastite lapiUistone breccia to hyaloclastite tu ff 
54 1110.61 5781 > 15.80 transition from basaltic hyaloclastite brcccia to hyaloclastite tuff 
55 1139.86 5797 >15.80 transttion from hyaloclastite breccia to _llyaloc;lastite _laptJtis tone 

Table 4: Correlated reflectors ODP Site 953. Reflector numbers are shown in Fig. 30. The 

reflections are caused by the impedance contrasts between the given lithologies and the 

(hemipelagic) background sediments. Lithologies and ages are from Schmincke, Weaver, 

Firth et al. ( 1995 ). 
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the data reported here, the signal contains frequencies of up to 200 Hz and the velocity in 

the volcaniclastic layers is typically around 2000 mfs. Thus, one-thirtieth of a wavelength 

corresponds to only 33 cm. If the lithologies above and below the thin lay<'r are slightly 

different, a resolution thickness of less than 33 cm is conceivable. Weak and discontinuous 

reflectors seem to represent thin layers with a thickness varying around one-thirtieth of 

the wavelength. 

The vertical seismic facies changes in the vicinity of Site 953 have been used to dis

tinguish seven seismic units in the sediments above the island flank (Fig. 30). The seismic 

units are not identical with the lithologic units since most of the lithologic boundaries are 

not characterized by reflections, at least not by reflections which could be correlated far 

away from the drillsite. Each seismic unit starts with a prominent reflector band at its 

base. Reflectors at the base or close to the base of these reflector bands showing a good 

correlation in the apron serve as boundary layers between these units. These boundary 

reflectors are from the base upwards: reflector 17, 3 , 32, 21 , 16, and 5 (Fig. 30). These 

reflectors are called M (deposited during Mogan phase of volcanism), F (deposited during 

Fataga phase of volcanism), If (deposited during the transition from the Fataga phase 

to the large Miocene hiatus of volcanism on Gran Canaria), T (deposited subsequent to 

the shield phase of the Anaga massif at northern Tenerife), RN (deposited during the 

Roque Nublo phase), and Q (Quaternary deposit). 

The seven seismic units (Fig. 30) are therefore: 

Unit 1 lies between the top of the submarine island flank and reflector M ( 4 7) consists 

of parallel to subparallel reflectors with low to moderate amplitudes and a variable 

cycle breadth. The continuity is moderate to high. 

Unit 2 lies between reflectors M (47) and F (3 ) with parallel, continuous, high amplitude 

reflectors at its base with a narrow uniform cycle breadth. Amplitude and continuity 

decrease upwards and the frequency becomes more variable. 

Unit 3 between the reflectors F (3 ) and H (32) with parallel to subparallel reflectors. 

The reflector band at the base has a high amplitude and good continuity, whereas 

the upper part is characterized by good to fair continuity, medium amplitudes and 

a varying cycle breadth . 

Unit 4 lies between reflectors][ (32) and T (21) with a high amplitude band at its base. 

fhe reflectors are parallel to subparallel, the amplitude is high to medium, connected 

\vith good to fair continuity. The cycle breadth is narrow but varying. 

Unit 5 lies between reflectors T (21) and RN ( 16). The base is characterized by a narrow 

band of parallel reflectors with a high amplitude and good continuity, followed by 

medium to low amplitude reflectors, which are parallel to subparallel with a fair 

continuity. At the top the unit tends to be reflection free. 

Unit 6 lies between reflectors RN (16) and Q (.5) with the most prominent reflector band 

at its base with high amplitudes and good continuity. Above this band there is 
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a ea. 30-50 ms thick interval with low reflectivity, only some low amplitude, high 

frequency reflectors with moderate continuity are visible. The thick top interval 

consists of low to medium, sometimes high amplitude reflectors. Apart from the 

high amplitude reflectors, the continuity is fair to discontinuous. The cycle breadth 

is varying. 

Unit 7 lies between reflector Q (5) and the seafloor (0). Apart from the high amplitude 

reflection at the base, the reflectors have a low to medium amplitude, but a medium 

to good continuity. The cycle breadth is narrow and very constant. 

Comparison between reflectors found at DSDP Site 397 (Wissmann, 1979; von Rad, 

Ryan et al., 1979) or ODP Sites 955 and 956 (Schmincke, Weaver, Firth et al.. 1995) south 

of Gran Canaria is hampered by the different reflection patterns due to influence by the 

continental slope. Furthermore, no direct correlation from south to north is possible across 

the channels between Gran Canaria and FuertventurafTenerife because the reflectors onlap 

the volcanic basement or reflection patterns become chaotic in the proximity of the islands. 

This is the reason why reflector names introduced at DSDP Site 397 for the southern basin 

cannot be used in the north. Considering only the ages and not the lithologies, reflector 

R7 at DSDP Site 397 approximately corresponds to reflector M in the north, whereas 

reflector R3 roughly fits with the northern reflector RN , indicating that the material was 

deposited during the same phases of volcanic activity on Gran Canaria. 

Site 954 

Correlation between Site 954 and the seismic data was hampered by the proximity of the 

site to the island slope and the low core recovery in combination with the lack of logging 

data. The latter fact means that the synthetic seismogram had to be computed by discrete 

velocity and density measurements from the recovered core (only about one half of the 

hole). Thus, many reflectors may have been lost in the synthetic seismogram. The location 

of Site 954 is 214 m upslope of profile P210 which is roughly situated tangential to the 

island flank. A distance of 214 m corresponds to 6 CMP which, as Fig. 31 shows, can 

make a noticeable difference since the individual reflectors are divergent and have different 

dips. Nevertheless, some reflectors could be correlated with some reliability and are listed 

in Table 5. 

The prominent reflection band at around 4 50 ms TWT in Fig. 31 corresponds to 

lithologic Unit II and to the reflector band around reflector RN at Site 953. The thickness 

of the reflection band contradicts the only 2 m thick lithologic Unit 11. ince the core 

recovery at that depth interval was low, the thickness of the Unit II seems in reality to be 

larger. 

The deepest reflector in the synthetic seismogram at around 5.1 s TWT, defining the 

top of lithologic Unit IV, does not represent the volcanic shield of Gran anaria, which 

can be correlated at a depth of roughly 5.25 s TWT. Furthermore, a number of reflections 

can be seen between the top of Unit IV and the volcanic basement. These reflectors may 

represent material deposited during the Mogan and Fataga phase of volcan ism on Gran 
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Figure 31: Part of seismic line P210 plotted together with the synthetic seismogram at 

ODP Site 954. The seismic data are stacked, scaled with an AGC (50- 200 ms) and band

pass filtered (30- 230/160 Hz). Random noise was added to the 10 synthetic traces. The 

labels and numbers at the left side refer to reflectors which could be correlated at Site 954 

and are listed in Table 5. Lithologic Unit I is located between reflectors 0 and 7; reflector 

7 corresponds to Unit II, Unit Ill is between reflectors 7 and 14 and Unit IV is below 

reflector 14. 
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Re flee- Depth TWT 
tor (mbsf] (ms] Age (Ma] Reflection causing lithologies (and comments) 

0 0.00 4632 0.00 seafloor 

1 18.82 4657 0.00- 0.46 clayey nannofossil ooze interbedded in sand 

2 36.24 4677 0.46 0. 78 calcareous sandstone 

3 56.77 4706 0.78- 0.83 calcareous sand with lithics 

4 68.03 4720 0.83- 1.06 density variation in nannofossil ooze (weak reflection) 

5 80.53 4734 1.60 lapillistone (below this unit 28 m with no recovery) 

6 111.92 4763 ea. 2.40 density variation in nannofossil ooze ? (samples fro m a 54 cm 

thick ash-layer just above the given depth were not taken) 

7 177.81 4839 (3.15 )- 3. 79 lapillistone (low recovery in this zone) 

8 189.65 4849 3.77- 3.79 density reduction in nannofossil ooze 

9 217.73 4884 4.01 - 4.39 sandstone ? 

10 266.43 4943 5.88 6.50 density variation in nannofossil chalk with clay 

11 288.94 4970 6.50 density variation in nannofossil chalk with clay 

12 334.53 5023 7.30- 7.62 slump unit (chaotic nannofossil mixed ooze and chalk) 

13 351.35 5040 7.62-8.03 silty claystone with lithic crystal sandstone 

14 406.66 5094 > 10.7 basaltic breccia (lithologic Unit IV) 

Table 5: Correlation of reflectors at ODP Site 954. Reflector numbers are shown in Fig. 31. 

The reflections are caused by the impedance contrasts between the given lithologies and the 

(hemipelagic) background sediments. Lithologies and ages are from Schmincke, Weaver, 

Firth et al. (1995). 

Canaria. These were subsequently overridden by a slide deposit formed by the basaltic 

breccia found in Unit IV which consisted of 14 my old rocks and slid at ea. 12 Ma. 

5.3 The submarine volcanic flanks 

The su bmarine flanks of Gran Canaria, Tenerife and Fuerteventura a re represented in 

the northern apron of Gran Canaria. The top of the massive island flanks is the most 

remarkable feature in the reflection seismic lines due to the strong reflection amplitude 

and the unconformable contact with the overlying units, with numerous baselaps. ODP 

Leg 157 (Schmincke, Weaver , Firth et al ., 1995) showed that the volcanic flanks consist of 

hyaloclastite tuffs, breccias, lapillistones and sandstones. In general, the volcanic flanks 

comprise material with high density and P-wave velocity compared to the overlying sed

iments. A high impedance increase at the top boundary, and therefore high amplitude 

reflections, results. Furthermore, the steep slopes of the islands are characterized by nu

merous diffraction hyperbolas in the unmigrated sections. The diffractions are caused by 

the rough morphology of the volcanic products and many of them are side echos. The dip 

of the slope of Gran Canaria is up to 25 30° (e.g. on profile Pl34 , Fig. 34). Further off 

the islands the dip of the flanks decreases and the occurrence of diffraction hyperbolas at 

the top of the flanks becomes rare. The seismic facies of the flank here is characterized by 

a high amplitude reflection with a discountinous rnounded structure. Close to the feather 

edge the flank is gentle, almost horizontal, and sometimes short branches of underlying 
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reflectors become visible. They are mostly horizontal and discontinuous (Funck et al., 

1996). 
Prior to the ODP drilling, some information was available about the su brnarine shield

building phases of the islands of Fuerteventura, Gran Canaria, and Tenerife: The DSDP 

Site 397 drilled four thick volcaniclastic debris flows from which three are believed to 

come from the submarine shield of Fuerteventura (Schmincke and von Rad. 1979). The 

subaerial parts of the three islands are well investigated (McDougall and Schmincke, 1976; 

Schmincke, 19 2; Ancochea et al., 1990; Coello et al., 1992) but do not allow conclusions 

about the submarine portions apart from the emerged basal complex on Fuerteventura 

(Le Bas et al., 19 6) which, however, does not represent the shield-building phase of the 

island. 

The lithologic Unit VI at ODP Site 953 is believed to represent the thin outermost 

flank of the shield volcano of Gran Canaria (Schmincke, Weaver, Firth et al., 1995 ). 

The age of the unit is middle Miocene, around 15 Ma, indicating a rapid growth of the 

submarine shield (duration around 1 my). The feather edge of the flank of Fucrteven

tura (Amanay Bank) lies stratigraphically just below the penetration depth at Site 953 

(Fig. 35). The biostratigraphy gives a minimum age of 15. Ma for the bottom of the drill

hole, the maximum age is 17.4 Ma. Therefore, the age of the submarine part of southern 

Fuerteventura can be estimated between 16 and 1 Ma. Coello et al. ( 1992) have obtained 

K-Ar ages between 15. to 14.9 Ma for the subaerial southern edifice of Fuerteventura. 

Assuming roughly the same age for the Amanay Dank, the geomorphological guyot con

nected with Fuerteventura whose flank was actually investigated on seismic line P 135, a 

submarine shield building stage of less than 2 my duration is realistic. 

The submarine flank of Northeast Tenerife is interbedded in the sedimentary basin 

northwest of Gran Canaria (Figs. 14, 4.5, 51) at a stratigraphic position where the age 

data at Site 953 are much more exact and reliable than for the flanks of Gran Canaria and 

Fuerteventura. The outermost flank of Tenerife corresponds stratigraphically to a depth 

of ea. 350 mbsf at ODP Site 953. Using the magnetostratigraphy, the age is between 5. 7 

and 6.12 Ma, while the biostratigraphy would allow ages of up to 6.50 Ma. The combined 

fitted curve tends to favor an age of about 6 Ma (Schmincke, Weaver, Firth et al., 1995). 

The samples of Ancochea et al. (1990) from the Anaga massif at the northeastern tip 

of Tenerife yielded maximum ages of 6.5 Ma at the western side of the massif, which is 

situated on the opposite side of the island. The maximum age at the eastern side is given 

as 5. 7 M a. Therefore, the duration of the submarine shield stage of thP Anaga massif is 

estimated to be less than 0. Ma, possibly as low as 0.3 Ma. 

The temporal succession of the submarine shield stages of the islands Fuerteventura 

as the oldest, followed by Gran Canaria and Tenerife has influenced the shape of the 

individual island shields. The building of Fuerteventura to the west was into the open 

ocean; no preexisting islands could influence the deposition of the volcanic material. Gran 

Canaria, however, had to its east the shield of Fuerteventura, hampering the growth of 

the shield towards that direction. This effect can be seen well in Fig. 32 which shows the 
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Figure 32: Depth of the volcanic island flanks in the northern apron of Gran Canaria. The 

contour interval is 250 m. A water velocity of 1500 m/s was used for depth conversion and 

the sediment thickness of the overlying sediments was taken into account by the formula 

given in the Processing chapter, page 37. For the gridding procedure, the points along the 

mapped profiles were supplied with zero values along the coast lines. The bold lines mark 

the outermost extension of the submarine flanks. Where the flanks overlap, no statement 

can be made about the underlying shield. 

depth of the top of the submarine island flanks. On profile Pl35 the outermost flank of 

Fuerteventura extends some 8.5 km from the shoreline or around 50 km from the Amanay 

Bank, both resulting in a position of the outer limits of the Fuerteventura flank close to 

the eastern coastline of Gran Canaria, assuming radial symmetry. The growth of Gran 

Canaria began approximately at the end of the shield building phase of the southern 

edifice of Fuerteventura. Volcanic material deposited to the east of Gran Canaria had to 

be transported uphill at the southwestern flank of Fuerteventura, causing a ponding of the 

Gran Canaria shield against the submarine flank of Fuerteventura. This ponding can be 

seen on seismic line Pl30 (Fig. 36) located between the two islands and in the gentle dip 

of the Gran Canaria flank towards the east compared to the uninfluenced north (Fig. 32). 

The limited eastern depositional room was filled up until the material reached the steep 

flanks of Fuerteventura and of the Amanay Bank. These depositional barriers diverted 

the volcanic deposits to the north and the south. The northward diversion can be seen in 

Fig. 32 where the isolines north of Gran Canaria are not radially symmetric but extend 

northward when moving to the east. 



2a·N 

0 10 20 30 40 

km 

1s·w 

1s·w 

5 STRUCTURE OF THE APRON 

1s·w 

1s·w 

flank Gran Canarla 

flank Tenerife 

M24 profiles 

M 16 profiles 
ODP/DSDP drtllsltes 

2a·N 

27"N 

Figure 33: Extension of the submarine flanks of Fuerteventura, Gran Canaria and Tenerife, 

shown together with the bathymetry, contour interval 200 m {from Funck et al., 1996). 

The western part of the Gran Canaria shield grew into the open ocean, limiting the 

depositional room for the later emerging island of Tenerife. Thls resembled the phenom

ena between Fuerteventura and Gran Canaria, namely a ponding of the Tenerife deposits 

against the flank of Gran Canaria. The main difference is that the area of the (younger) 

channel between Gran Canaria and Tenerife was filled some my ago with pelagic sed

iments and volcaniclastics from Gran Canaria prior to the growth of Tenerife, whereas 

there was almost no gap between the shield-building stages of Fuerteventura and Gran 

Canaria. The sedimentary infill into the channel prior to the evolution of Tenerife can be 

seen on seismic line P102 {Fig. 4 ), covered by the flank of Tenerife which onlaps the A.ank 

deposits of Gran Canaria. 

In general, volcanic flanks overlain by younger volcanic shlelds cannot be detected on 

the seismic lines because the upper volcanic edifice forms the acoustic basement. Never

theless, on some lines parts of the underlying flanks can be recognized as weak and dipping 
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reflectors (e.g. on line P102 and P130, Fig. 48 and 36). As the thickness of the upper shield 

increases, the amplitude and continuity of the underlying reflections decrease. That is the 

reason why the extent of the flanks to the west cannot be mapped completely - they are 

partially masked by the younger flanks of the adjacent western island. 

The depths of the feather edges of the island flanks in the northern basin are approxi

mately 4750 m for Fuerteventura, between 4500 and 4600 m for Gran Canaria and 4000 m 

for Tenerife (Fig. 32). The two-way travel times were converted to depth by applying the 

fitted velocity function for the sediments described in the Processing chapter (page 37) 

and a water velocity of 1500 mfs. 

Using all the seismic lines from METEOR cruises No. 16 and 24, the extent of the 

volcanic flanks was also mapped in the basin south of Gran Canaria (Fig. 33, Funck et 

al ., 1996). The massive island flank of Gran Canaria extends 44 to 72 km off the coast. It 

is closest to the island in the east, where its growth was limited by the preexisting shield 

of Fuerteventura as discussed above. In the northern basin the flank extends some 60 km 

seawards, in the southern basin between 54 and 72 km. To the west, the flank of Tenerife 

approaches Gran Canaria as close as 22 km. The extent of the flank of Tenerife varies 

between 30 and 40 km in the channel towards Gran Canaria, between 40 and 50 km in 

the southern region and around 50 km in the northeast. 



66 5 STRUCTURE OF TilE APRON 

5.4 Description of the seismic lines 

In order to gain a detailed insight into the structure of the apron north of Gran Canaria 

the seismic lines in this area are described in detail below. The location of the profiles is 

shown in Figure 26. 

Line P134 

Line 134 (Fig. 34) is located radial to Gran Canaria in a SSW E direction. Its southern 

end is 3.5 km away from the La Isleta peninsula which is characterized by Quaternary 

volcanism (Schrnincke, 1994). ODP Site 953 is located at CMP 177 0. The flank facies 

comprising the volcanic edifice is characterized by steep flanks up to a dip of 32° close to the 

island. Towards the basin, the dip decreases from 1.4° (C~IP 1500-12000) to 0.6° (CMP 

12000-1 000). The fiat flank is defined by a high amplitude, long period reflector with a 

discontinuous mounded structure. Several small-scale faults are visible. Internal reflectors 

show a shingled northward dipping pattern. The southernmost volcanic edifice on line 

134 is formed by two volcanic cones which seem to represent the offshore continuation 

of the volcanism on La Isleta. The flank of the cone at CMP 1000 has a dip of 1 °. In 

Fig. 22, the position of a small volcano and three radial ridges starting from there are 

shown. The northwest and north running ridges are crossing line 134 and are interpreted 

as lava flows. Fissure eruptions as an alternative interpretation can be excluded at least 

for the northern feature since there are no fissures visible in the underlying sediments. 

The NW ridge represents a broad almost reflection-free structure between CMP 1700 and 

3700 with downlap onto the former seafloor at its toe. The second lava flow is visible 

around CMP 4500. The flow is some 1500 m broad and 40 m thick and contains some 

low amplitude discontinuous reflectors. This flow also shows a downlap onto the seafioor. 

Therefore, both lava flows are very recent features indicating ongoing volcanism at the La 

lsleta submarine complex. 

On a large scale, the entire sedimentary sequence shows infill characteristics with onlap 

onto the flank of Gran Canaria. The slope facies, with chaotic patterns above the volcanic 

shield, roughly represents the lower third of the sequence, succeeded by relatively regular 

stacks of mounded structures in the upper part. Mounded onlapping fill facies like at 

CMP 5500 ( 4.5 s TWT) suggests deposition by g ravity-controlled flows along the sea floor 

(i.e. a high energy depositional system). Outside the slope facies, which extends some 

45 km from Gran Canaria, the seismic facies changes to a more regular ba.J;in-fill facies 

with parallel or basinward diverging reflectors. Individual reflectors can be correlated 

within the slope facies where the correlation gradually decreases by a transition into more 

complex patterns. The basin facies adjacent to the slope faci es is characterized by a series 

of wt>dges and mounded sheets which extend up to ea. CMP 20000. The mound at the 

top of seismic unit 4 (i.e. between reflector H and T) between CMP 13500 and 17000 is 

compensated by thinning of the ovl?rlying unit. 

Further seaward the reflections become almost horizontal above reflector M. llelow 

there is a small island ward dip (less I han 0 .. 5°). Reflections below the is land flank are 

discontinuous and the amplitude decreases with the thickening of the volcanic pedestal. 
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The dip of these reflectors again becomes more or less horizontal but this is probably 

due to the pull up by a thickening of the high velocity shield on the time section. In 

the approximately 100 ms thick interval beneath the volcanic shield at Site 953, thick 

hyaloclastite debris flows with several internal reflectors were found. These reflectors can 

be correlated towards Fuerteventura, the probable source of the debris flows. Even if the 

correlation of the hyaloclastites becomes worse towards the SSW, they seem to thin out 

and disappear at about CMP 11500. 

The thickening of the transparent facies below reflector RN towards the north indicates 

a decreasing depositional energy for the period 4. to 3. Ma with a reduced volcaniclastic 

sediment supply in the distal area of Gran Canaria. 

An km wide erosional channel with truncations at both flanking walls is located 

between CMP 6900 and 9400. The channel is cut up to 220 m into the sediments and has 

a slightly uneven but mainly horizontal bed. At the southern wall, the bed is covered by 

a small slide mass with baselap onto the erosional surface. In the upper 150 ms below the 

channel bed several unconformities are seen, forming lows which were subsequently filled 

again by sediments. This indicates complex interaction between erosion and sedimentation 

in the channel. Analysis of these patterns results in the estimation that erosional processes 

have been active since at least 4.8 m.y. 

Line P135 
Line 135 (Fig. 35) is directed towards the Amanay Bank which belongs to the volcanic 

edifice of Fuerteventura. At its northwestern end the line is crossed by profile 134, estab

lishing a good correlation to ODP Site 953. The pattern of the sedimentary infill sequence 

shows some remarkable differences to those of Gran Canaria on line 134. The slope facies 

is only 100 to 300 ms thick and is characterized by high amplitude mounded structures at 

its top, indicating high depositional energy and a high content of volcaniclastic material. 

The hyaloclastite debris flows below the shield of Gran Canaria (lithologic unit VII at 

ODP Site 953) can be correlated towards the lower part of the flank of the Amanay Bank, 

where internal reflectors of the hyaloclastite unit terminate onlap (between CMP 2000 

and 4000) without following the updip direction of the flank. Therefore, the source of the 

debris flows is probably not the Amanay Bank itself, rather is situated somewhere else on 

Fuerteventura. The low thickness of the slope facies unit is caused by several factors. On 

the one hand, the volume of the eroded top of the Amanay volcano is not very large, while 

on the other hand, the bank prevents volcaniclastic input from Fuerteventura. Regarding 

the shape of the isobaths of the bank, one can estimate from extrapolation that the top 

of the former volcano was 500 to 600 m above the present plateau which now fills an area 

of roughly 100 km2• This leads to an eroded volume of less than 20 km3 • Furthermore, 

there is no evidence for volcanic activity at Amanay after its build-up which could have 

provided additional material. 

~lost reflectors of the sedimentary infill of the basin fades terminate onlap onto the 

slope facies, in contrast to line 134 at Gran C'anaria where the reflectors can be correlated 

within the slope facies. This is another sign for the low volcaniclastic input from the 
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Amanay Bank. Nevertheless, there is also infill from Amanay /Fuerteventura which can be 

seen in a number of down lap terminations away from Amanay in the basin between CMP 

7000 and 11000. One recent debris flow from Fuerteventura can be seen at C'MP 4400, 

where a small step of about 7 meters at the seafloor indicates downlap of a flow deposited 

from the southeast. 
As on line 134 there is a seaward transition in the basin fades from a series of wedges 

and mounded sheets close to the flank to parallel or subparallel units in more distal areas 

combined with an increase of horizontal layering. 

The amplitude of the reflection from the top of the volcanic edifice between CMP 

1500 and 10000 is not as pronounced as on line 134. This can be related to the strongly 

reflective volcaniclastic debris covering the flank. Hence, the identification of the flank was 

mainly based on the systematic onlap patterns. Further upslope, the amplitudes increase 

again and shingled seaward dipping internal reflectors become visible. The slope of the 

flank varies between 0.5° and 15°. A body rises some 150 m from the flank at CMP 16800. 

The shape of this feature and the lack of internal reflectors suggest that this could be a 

volcanic cone. 

At the shelf break of the Amanay Bank some terrace deposits are found. Unfortunately 

the profile does not cover all landward reflector terminations which would allow an analysis 

of relative sealevel changes. Nevertheless, the lower sequence is sigmoid progradational 

with coastal onlap indicating a relative rise of the sealevel with sediment supply exceeding 

the rate of relative sealevel rise. For the sequences above no statement can be made about 

the landward terminations. However, the described sequence is succeeded by a change of 

retrogradational and progradational sequences with an erosional break, maybe caused by 

sliding of a portion of the sediments . 

Line P130 

Line 130 (Fig. 36) crosses the Amanay Bank in a SW-NE direction and approaches the 

southwest coast of Gran Canaria up to 12 km. The most prominent feature is the Amanay 

Bank with its roughly 12 km broad and 60 m d~p plateau. The upper part of the 

northeastern flank has a slope of 12° and is covered by a thin unit with a complex internal 

structure of northeast dipping reflectors which form several prograding sequences. The 

southwestern volcanic flank is flattened up to a depth of 300 m where the slope increases 

from 6° to 24°. This flattened part of the flank is covered by a prograding clinoform with 

almost parallel internal reflectors, dipping 12° seaward. The upper terminations of the 

reflectors are usually masked by the strong signal of the flat seafloor, but at least for two 

of them, toplap is discernible and is therefore assumed for all of them. The flat top of this 

sequence forms the continuation of the volcanic plateau. 

The volcanic basement on line 130 is formed by Fuerteventura (Amanay Bank) in the 

northeast, with the younger shield of Gran Canaria onlapping the flank of Fuerteventura 

from the west up to CMP 17000, where the increased slope of the Amanay Bank prevented 

further transport of products from Gran Canaria. Between C'MP 14.500 and 17000 some 

portions of the flank of Fuerteventura are visible beneath Gran 'anaria as discontinuous, 



5.4 Description of the seismic lines 

0'1 
0 
0 
0 

...... 
0 
0 
0 
0 

...... 
0'1 
0 
0 
0 

I\) 
0 g 
0 

I\) 
0'1 
0 
0 
0 

TWT [s] 
I\) ...... 

...... 

TWT[s] 

0 

0~ 
;;;r"" Pig 
::J -· :;,0 
~::J 
-!!!.. 

0 

Figure 36: Seismic line Pl30 with linedrawing. 

0 

3 

-0 

< 
!n 
!!! 
"' ID 
~ 

8 
:"! -0 

~ 
iil 
0 
<D 
c. 
<D 
"0 
0 
IJl 

~ 

0 

71 

en 
:E 

s: 
1\) 
~ 

r 
z 
m 
"'0 
~ 

w 
0 

z 
m 



72 5 STRUCTURE OF THE APRON 

southwest dipping reflectors. The surface of the shield of Gran anaria shows a distinct 

hilly relief with a typical wavelength between 1 and 3 km. The reason for this morphology 

are erosional processes, probably caused by strong bottom currents as response to the 

buildup of the large volcanic barrier in the channel between Gran Canaria and Fuerteven

tura. The erosion must have affected almost the entire channel after its formation. Later 

on some small scale channels developed, focussing the erosion to these areas (e.g. between 

C'MP 2500 and 6000, and around CMP 16600). 

Several possibilities are conceivable for the origin of the basement block between CMP 

5000 and 10500. The feature does not seem to consist of small volcano<>s as on line 133 

further to the north because the typical cone shape patterns are missing (except the 

structure at CMP 10200). The next alternative is a large slide block coming from Gran 

Canaria which would have to be older than 10 Ma (see below). No scar is known onshore 

which would fit with the dimensions of the block with a width of 14 km and a height 

of 500 m. But the scar could have been eroded as well. The third possibility is that the 

block represents material deposited during the shield building phase of Gran 'an aria. The 

channel to the southwest was subsequently formed by erosional processes which are still 

active and this led to the distinctive shape of the block. 

The northeast flank of the Amanay Bank is characterized by a step of some 300 ms 

at CMP 27000. The sedimentary column northeast of the step can be divided into three 

units. At the bottom there is a cover of chaotic patterns succeeded by a number of high to 

medium amplitude, subparallel, uneven and northeast-dipping reflectors, with a good to 

medium continuity. Some lows caused by the uneven deposition show infill patterns. The 

upper 100 to 150 ms are characterized by the mounded seafloor with low amplitude internal 

reflectors, indicating a high energy depositional regime, probably slump origin . This part 

of the flank may be influenced by mass wasting from the Amanay Bank as well as from 

the Jandia peninsula (southwest Fuerteventura) whose flank is dipping perpendicularly to 

the seismic line. The observed complex structure at the seafloor with crossing reflectors 

may indicate deposition from Fuerteventura. Southwest of the step betwe<>n MP 25500 

and 26700 three reflector bands with medium to high amplitudes and a good continuity 

are found. Elsewhere the reflectivity is low with only some discontinuous reflections. 

A large portion of the uneven volcanic basement between Gran C'anaria and Fuertev<>n

tura is filled with sediments. The channel between CMP 2500 and 6000 shows very complex 

in fill structures with a prominent high amplitude reflector band. Below this reflector band 

the amplitudes arc low, whereas they are medium to high above. Several small seal<' faults 

are visible and t he complex infill structures are caused by the interaction of high <>nergy 

sedimentary input from Gran Canaria, erosion, and bottom currents. The influence of cur

rents can be seen in the formation of a contourite mound at 'MP 5250 (2250 ms TWT). 

Present erosion is indicated by the seafloor shape. For example, at the northeastern wall 

of the channel a smaller ( 1..5 km wide) channel is cut into the sedimentary column. The 

thickness of the sediments is up to ·1.50 ms. 

The sediments between 'MP 000 and 16500 show in contrast to the above men-
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tioned channel - much better stratified infill patterns, with parallel to divergent or wavy 

reflection configurations. The amplitudes are in general high and the continuity is ex

cellent. In the lower part of the sequence some faults have developed with vertical dis

placements of less than 5 m, while erosion has influenced the upper part of the sequence, 

especially between CMP 14000 and 16500 with chaotic reflection patterns and wavy cuts 

into the seafloor. Between CMP 8000 and 14000 the erosion is noticeable in the upper 

100 ms, showing slight erosional cuttings which were subsequently filled. However, the 

erosion was not strong enough here to interrupt the stratified sedimentation. Due to the 

isolated location of this sedimentary infill structure, it is impossible to correlate any reflec

tor directly into the apron north or south of Gran Canaria. A comparison of the reflection 

patterns is difficult as well, because the distinct vertical change of amplitudes as found in 

the apron is missing, including the reflection-free intervals. Nevertheless, there are some 

consistencies in the vertical spacing of reflectors which suggest that the deepest reflector 

band found in the low at CMP 12600 corresponds to reflector H in the apron, with an age 

of some 9.3 Ma. The low at CMP 10600 still contains some older sediments. Therefore, 

the beginning of the infill can be estimated to be around 10 Ma. The thickness of the 

sequence is up to 670 ms. The depth of reflector His 530 ms below seafloor at CMP 10600, 

similar to Site 953 (526 ms), indicating no significant variation of sedimentation rates. 

The sediments northeast of the erosional channel at CMP 16600 represent slope de

tritus with prograding, low amplitude reflectors which are eroded at their toe. 

Line P133 

Line 133 (Fig. 37) is, as line 130, located in the channel between Gran Canaria and 

Fuerteventura. The northwestern end of the profile crosses the submarine ridge offshore 

La Isleta (CMP 13000) while the southeastern end lies in the stratified sedimentary basin 

discussed above for line 130. The submarine ridge of La Isleta has a slope of up to 24° and is 

covered with a sequence of some 100 ms thick detritus with low amplitudes, discontinuous 

reflectors and a contorted configuration. The erosional channel between CMP 10000 and 

12000 is filled with some detritus and three slide blocks which are some 700 m wide and 

ea. 60 m high. The channel can be traced basinwards where it crosses line 134 (see also 

Fig. 22). 

Between CMP 10000 and 4000 the volcanic basement shows three elevated features 

which are interpreted as part of a submarine volcanic complex. The top of the two eleva

tions at CMP 7000 and 4800 represent volcanic cones, the latter with a slope of 30° and an 

elevation of 840 m above the adjacent basement. Several internal reflectors at the top of 

the two northwestern rises are either caused by deposited detritus or by three-dimensional 

effects, i.e. side echoes. The shape of the volcanic complex can be seen very well on the 

three-dimensional bathymetric view (Fig. 24) at the northern limit of the volcanic barrier 

between Gran Canaria and Fuerteventura. 

Sediments with a chaotic reflection pattern are deposited at the base of the erosional 

channel between CMP 3600 and 4400. The sediments in the sequence close to the channel 

have been eroded by currents. Contourite mounds (e.g. at CMP 2400) confirm the exis-
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tance of currents which must have originated, or at least noticeably strengthened, after the 

build-up of the volcanic complex. Exact age correlation of the sediments on this tine is not 

possible since tills profile has no crosstines and reflection patterns are different from the 

apron and from tine 130. Taking the thickness of the sediments into account and assuming 

sedimentation rates similar to those in the apron, currents must have been active since at 

least 5 my. The two cuts into the upper part of the sedimentary sequence around CMP 

2400 and 400 represent erosional truncations. 

The sediment unit covers two basement elevations at CMP 1500 and 400. Several 

reflectors of the surrounding sediments cross these basement structures. This three

dimensional effect indicates that the features are completely surrounded by sediments 

suggesting a. cone shape, probably volcanic cones. 
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Line P136 

The last profile crossing the Amanay Bank is line 136 (Fig. 3 ) with a SE-NW orientation 

into the basin north of Gran Canaria. The southeastern half of the volcanic top of the 

bank is almost horizontal and no sediments are deposited, whereas the northwestern half 

is gently dipping seaward (2.5°) and is covered with sediments. Between CMP 3600 and 

5000 the sedimentary sequence shows a sigmoid progradational configuration with several 

top lap terminations at its upper boundary ( seafloor ) indicating erosional activity. The 

surface of the bank dipping towards the northwest is also seen on line 135. This suggests 

that erosion was stronger in the northern than in the southern part of the bank. This is 

quite reasonable as the Canary Islands are located in the northeast tradewind belt with a 

long term wave direction from the north. 

At CMP 900 there is a 150 m high scarp in the basement. Below this scarp the flank 

is covered with a thin prograding sequence at the bottom, succeeded by an onlap fill unit. 

This fill unit is only partly seen at the margin of the line but probably represents the fiiJ 

of the channel between the Amanay Bank and the Jandia peninsula. To the northwest 

the slope of the bank is up to 17°. 

The top of the volcanic shield of Gran Canaria can be correlated along the profile from 

the crosspoint with line 134. Between CMP 23200 and 1 000 the top is represented by a 

high amplitude and long period reflector, sometimes disrupted where small mounds have 

formed, but usually with a good continuity. The slope is around 1° as between CMP 25500 

and 23200, but there the amplitudes and continuity are only moderate. Further upslope 

the amplitude becomes quite variable with low to medium values and a discontinuous 

mounded structure. At CMP 12200 the reflector terminates onlap onto the flank of the 

Amanay Bank. Detween CMP 12200 and 19000 short discontinuous branches with low to 

medium amplitudes are visible beneath Gran Canaria. Northwest of CMP 19000 internal 

medium to high amplitude, discontinuous, subparallel to hummocky reflectors become 

visible below the flank of Gran Canaria. 

Due to the tangential orientation of the profile relative to Gran Canaria, the reflection 

patterns of the sedimentary fill are quite different than the radial lines, such as e.g. P 134. 

The reflectors are in general less continuous and noticeably uneven and many of them 

terminate onlap or down lap onto the underlying dipping reflectors. Furthermore. a number 

of small scale infill structures are observed, in general < 1 km wide. From CMP 19500 

upslope the sediments are quite mounded and wavy. The structure between 'MP 16 00 

and 15600 at around 4. s TWT represents a contourite and a migrating wave, deposited 

between 9.5 and 5.5 Ma. The northwest dipping parts of these wavy reflectors often form 

unconformities with onlap onto them whereas the lows formed by the wavy reflectors show 

onlap fill. The mounded structures with the observed contourites suggest a major sediment 

supply from the channel between Gran Canaria and Fuerteventura rather than from the 

Amanay Bank. Input from the bank seems to be limited mainly to the area upslope of 

CMP L2500 with a composition of prograded fill and chaotic reflection patterns. The 

continuing influence of the channel on the sedimentation is visible in a recently formed 
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erosional truncation between CMP 12600 and 13600, probably induced by bottom currents 

from the channel. 

The correlation of reflectors is often hampered by the discontinuous patterns and ends 

in general in the wavy area southeast of ea. CMP 17000. Between reflector F and the shield 

of Gran Canaria the reflectors are extremely ruscontinuous, hummocky and with low to 

medium amplitudes, indicating a high depositional energy of this sequence ( > 12 M a) with 

probably a high amount of slumped material. 

Line P301 

Line 301 (Fig. 39) is orientated north-south and approaches the shore line of Gran Canaria 

up to 6 km. In contrast to line 134, the flank of Gran Can aria has only a mod<'rate slope of 

6° averaged between CMP 34 and 600. At Ci\IP 600 the average slope decreases almost 

immediately to 0. 7° up to CMP 17300. Here the feather edge of the flank is located 

61 km north of Gran Canaria at 57 0 ms TWT. The amplitude of the flank is medium 

to high south of C\IIP 11000; further north it is only low to moderate. The shape of the 

flank shows several steplike variations: steeper parts are alternating with flatter intervals. 

Between CMP 3000 and 6200 these flat parts have a seaward dip of ea. 1° and are covered 

with up to 275 ms thick sediments, in contrast to the steeper, almost sediment free parts 

in between. Internal reflectors of the volcanic shield show northward dipping patterns: 

they are discontinuous and have low amplitudes. 

Between CMP 2000 and 3600 the flank is characterized by a rise of some 375 m ( 500 ms 

TWT) of height, showing many chaotic internal reflectors in contrast to the surrounding 

volcanic basement. This feature corresponds to a part of the northeast striking submarine 

ridge of Galdar on the bathymetric map (Fig. 26, 22), and is interpreted as a slide deposit. 

The patterns of the sediment fill on line 301 differ significantly from the profiles dis

cussed so far. First, the slope facies is less conspicuous due to its limited extent. It extends 

no further basinward than up to CMP 11000 and the thickness is < 275 ms, and seaward 

of CMP 7000 is in general < 100 ms. The chaotic patterns are rarely distinct, e.g. the 

reflector RN can be correlated up to the flank where it onlaps. The structure and size of 

the slope facies indicate a low sedimentary input from Gran anaria on this profile, and 

also the depositional energy is low. 

Secondly, the reflectivity of the basin facies is reduced compared to line 13-!. This 

comprises the amplitude as well as the continuity of the reflectors. Except for the reflector 

bands around reflectors RN and Q and some deeper reflectors (below 5.5 s TWT at the 

northern end of the profile), almost no medium to high amplitude reflections are visible 

which could be correlated over large distances. The intervals between the seafioor and 

reflector band Q and between reflectors Q and RN, re:;pectively, tend to be reflection 

free, the narrow cycle breadth as found on line 134 is missing. eaward of CMP 11000 

the reflection patterns of reflector bands Q and RN change from continuous and almost 

parallel to subparallel and disrupted. At CMP 15700 some small faults can be seen around 

reflector Q. The reflectivity in the sedimentary sequence is reduced for the entire Line 301, 

whereas the two crossing lines 20.5 (Fig. 44) and 202 (Fig. ·15) show a gradual decrease of 
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reflectivity from east to west. 
Therefore, the transport of volcaniclastic material from Gran anaria was directed 

preferably to the northeast. The reason can be seen in the Galdar Ridge (Fig. 22), whose 

seaward extension coincides well with the amplitude decrease of the tangential profiles in 

the north. This would also imply that the paths of the volcaniclastic transport onshore 

Gran Canaria avoided the Galdar Ridge and is indicated by the lack of large canyons in 

this area as well as the indistinct slope facies on line 301. The deposition of th<' Roque 

Nublo volcaniclastics on profile 301 suggests different paths of transportation compared 

to the older volcanic deposits, probably combined with a higher depositional energy. For 

some of the sediments in the Quaternary interval (sandlayers above reflector Q), Tenerife 

is conceivable as source, bypassing the ridge of Galdar. 

The influence of the Galdar Ridge on almost the entire sedimentary column suggests 

that the process which has formed the ridge has taken place only shortly after the shield

building phase of Gran Canaria. It is not clear whether the lowermost reflectors (below 

ea. 5.5s TWT at CMP 19500) were already affected by the ridge, because they still show 

a westward decrease of amplitude, even though not as clear as the overlying reflectors. In 

case they were not influenced, the age of the origin of the ridge/slide can be estimated as 

12 Ma, otherwise between 15 and 12.5 Ma. 

Between CMP 00 and 11200 a thick debris flow, whose top was drilled at Site 954 

can be correlated as corresponding to lithologic unit IV (Schmincke, Weaver, Firth et 

al., 1995). Further upslope the correlation is hampered by a small fracture with chaotic 

patterns to the south. Around CMP 11200 the amplitudes decrea.c;e, which prevents a 

reliable correlation basinward, but the debris flow probably continues in the medium to 

high amplitude band indicated by a question mark in Fig. 39. This gives an age of 12.1-

12.3 Ma for the mass wasting event (between reflector 39 and 40 at Site 9.13, sec Table 

4). 

The last point to discuss on line 301 is the well-stratified sedimentary body between 

CMP 5300 and 6200, with a thickness of some 200 ms. It is interpreted as a slide block 

because it downlaps onto the older seafioor. The reflection patterns between CMP 7500 

in the basin and the slide are very similar with regard to the spacing of reflectors and 

their amplitude relations. This allows an estimate of the age of the displaced sediments . 

The base of the slide is represented by reflector RN (3. Ma), i.e. that the glide plane is 

possibly formed by lapillistone. If this is the case, perhaps high por<> pressure in the porous 

lapillistone drilled at Site 954 may have facilitated the displacement. The sedimcnts at 

the top are recent and the slide movement must have taken place quite recently. The well 

preserved internal structure suggests a very slow motion which possibly sti ll continues 

because the block is located on an inclined surface (3.5°). 

The low deformation of the slide allows some assumptions with regard to the original 

deposition area. First of all this area must be located north of C'MP 3300 because the 

Galdar Ridge represents a morphological barrier for downslope movements. This restricts 

the search on the two dipping plateaus between CMP 3300 and 1;300, and between CMP 
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4500 and 5300, respectively. Both places fit well with the dimensions of the slide, but the 

first one has a very fiat surface in contrast to the lower plateau, with some small-scale 

undulations. Furthermore, the remaining sediments are better stratified in the upper 

plateau, corresponding to the patterns of the slide. Therefore, the original depositional 

area of the material which slid was probably in the upper plateau where gravitational 

forces worldng on the inclined sediments may have initiated the mass wasting. 

Line P210 

The orientation of line 210 (Fig. 40) is NW SE, i.e. with a predominant tangential com

ponent to Gran Canaria. The closest approximation to Gran Canaria is 20 km, where the 

line crosses profile 134. ODP Site 951 is located 214 m south of MP 3264. 

The tangential orientation is responsible for the diffuse patterns of this section. The 

amplitude and continuity of the basement reflector (top of volcanic shield) is considerably 

less than on the two crossing radial lines 134 and 301, showing the influence of the orien

tation. The shield has a mounded structure and its depth increases towards the northwest 

as the distance to the island increases. In the shield, several short reflection branches of up 

to 1 km length are visible. These internal reflectors are dipping to the northwest. Other 

reflectors in the shield have to be interpreted as side echos. 

The sedimentary fill shows a gradual change from slope facies in the southeast to a 

transition zone between slope and basin facies in the northwest. At the crosspoint with line 

134 the entire sedimentary column is still typical for the slope facies, whereas the upper 

part at the crosspoint with line 301 already shows basin facies. The chaotic patterns 

between CMP 6000 and 12000 are intensified by numerous side echos, especially close to 

the mounded structures. The applied 2D-migration was not appropriate to collapse all 

out-of-plane diffraction hyperbolas. This resulted in the crossing reflectors at the seafioor 

between CMP 6500 and 300. Furthermore, the reflectors appear disrupted. The frequent 

mounded structures with a width of 1 to 2 km indicate the significance of radial slides and 

debris flows for the construction of the sediment unit. 

Between CMP 34 and 6000 the reflection configuration is parallel to subparallel. How

ever, due to the orientation of the line and its proximity to Gran 'anaria, many down lap 

terminations occur. The decrease of reflectivity northwest of 'MP 4500 is caused by the 

ridge of Galdar, as already discussed above at line 301. The amplitude gradually decreases 

up to ea. CMP 600 where a sudden decrease below reflector RN occurs. 

Below the reflector band Q several toplap terminations of low amplitude reflectors 

indicate a period of erosion or nondeposition. This fits with the observed hiatus at about 

0 mbsf at Site 954 (Schmincke, Weaver, Firth et al., 1995). 

The most interesting feature on line 210 is lithologic unit I\' (Schmincke, Weaver, 

Firth et al., 1995) drilled at Site 954. In the seismic data this unit is seen as a mounded 

reflector band with a normal polarity reflection at its top and a reverse one at its base. In 

contrast to the one at the top the basal reflector is disrupted, sometimes shingled, with 

varying amplitudes, and therefore more difficult to correlate. The unit is interpreted as 

a debris flow and terminates onlap on the island flank at CMP .5200; west of CMP 450 
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the amplitude fades out. Between the debris flow and the island flank several hummocky, 

discontinuous reflectors are visible. At Site 954 the debris flow forms a mound (CMP 3000 

to 3700) with onlap terminations of the surrounding sediments at both mound flanks. 

Therefore the top of the mound is characterized by a depositional hiatus, but not lasting 

as long as estimated by Schmincke, Weaver, Firth et al. (1995). They interpret the debris 

flow to represent the volcanic shield of Gran Canaria and therefore assumed an age of 

14 Ma for lithologic unit IV. But the seismic data show the volcanic shield below unit IV 

and therefore the age of deposition of the debris flow must be younger. On the crossing 

line 301 correlation is hampered , but an indirect age estimate is possible. In the low at 

CMP 1250 some 150 ms thick sediments were deposited which show onlap terminations 

onto the mound at Site 954 . The oldest sediments above the debris flow at Site 954 are 
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ea. 10.7 my old (Schmincke, Weaver, Firth et al., 1995). A comparison with Site 953 

(Table 4) gives a TWT of 5312 ms for an age of 10.7 Ma. Adding 150 ms, the age will 

be 12.1-12.3 Ma. This is between reflector 39 and 40 and would fit with the (hampered) 

correlation on profile 301 (see above). 

Line P201 
Line 201 (Fig. 41) is orientated southeast (2.7 km north of La Isleta) to northwest, i.e. the 

profile has both a radial and a tangential component in relation to Gran Canaria. Between 

CMP 34 and 4500 the volcanic basement is formed by the submarine ridge of La Isleta 

which is obliquely crossed at a water depth of 320 m. The slope to the northwest is up to 

16° and the steep flank is composed of remnants of a number of high amplitude diffraction 

hyperbolas which are not completely collapsed to their apex (3D effect). Internal reflectors 

are not visible. The top of the ridge is covered with up to 50 ms thick se<liments, probably 

debris with chaotic reflection patterns. 

Between CMP 4500 and 10500 the shape of the flank of Gran Canaria is characterized 

by the crossing ridge of Galdar , showing two large mounds. The upper mound between 

CMP 4500 and 00 is composed of several smaller mounds, possibly formed by erosion. 

The cut around CMP 5200, for example, can be correlated with the submarine continuation 

of the Barranco de Azuaje (see Fig. 22). The sediment cover between CMP 5000 and 10000 

is up to 250 ms thick and shows chaotic reflection patterns. The shape of the sediment unit 

roughly follows the basement morphology, i.e. lows in the volcanic edifice are not levelled 

out by the subsequent sedimentation. This is another indication of crossing canyons. 

Unfortunately the coverage with swath bathymetry does not allow further correlations 

with the canyon system onshore. 

Northwest of CMP 10500 the apparent dip of the flank of Gran Canaria decreases, 

the mounds become flatter and wider, and the number of internal reflectors increase. 

Northwest of CMP 13300 the amplitude and continuity decrease, hampering correlation 

of the flank. The flank of Tenerife has a depth of ea. 5.1 s TWT between CMP 13700 and 

16000 and overlies the flank of Gran Canaria. The amplitude of Tenerifes shield is low and 

therefore difficult to identify in Fig. 41. The pedestal is relatively thin and therefore some 

energy is reflected from the underlying sediments, although their amplitudes are only low 

to moderate. These low amplitudes may be related to the generally low reflectivity west 

of the Galdar Ridge. 

The sedimentary fill is characterized by more or less chaotic patterns with mounds 

such as that at CMP 1·1000 (5.2 s) : discontinuous and disrupted reflectors with many 

baselap terminations onlap as well as downlap. 

Line P206 

The northwestern continuation of profile 201 is line 206 (Fig. 42) which is located tangential 

to the northeastern tip of Tenerife and approaches the island as close as 25 km. The profile 

crosses the channel between Gran Canaria and Tenerife at its northern entrance. 

The volcanic pedestal of Tenerife with a depth between 49.50 and 50.50 ms divides the 
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line in an upper and lower part. The lower part is almost reflection-free; only northwest of 

CMP 4000 some short horizontal reflection branches with medium amplitudes occur. At 

the southeastern end of the line, some 3 km of a discontinuous, low amplitude reflector at 

a depth of ea. 5.6 s is interpreted as the top of the volcanic shield of Gran Canaria. The 

shield of Tenerife itself is characterized by a mounded structure with moderate to high 

amplitudes west of CMP 3000 and by low amplitudes in conjunction with discontinuous 

patterns elsewhere. 
The sediments above the flank of Tenerife can be divided into an upper and lower unit. 

The lower part comprises roughJy two thirds of the sedimentary fiU and shows moderate 

to high amplitude, parallel to subparallel reflectors with a good continuity and a narrow 

cycle breadth between CMP 34 and 600. Further east, the reflectivity is lower and the unit 

appears almost reflection free, indicating a low volcaniclastic input as in the entire western 

part of the apron (see line 205). The upper unit is some 100 ms thick and shows chaotic 

patterns. Individual reflectors have a medium to high amplitude, but the wavy /hummocky 

and disrupted patterns with numerous baselaps and toplaps prevent correlation on a larger 

scale. At the crosspoint with line 202, the boundary between the upper and lower unit is 

ea. 1 my old. Hence, the lower unit is some 6 to 1 my old. The change from low to high 

volcaniclastic input at around 1 Ma indicates a change of the source of the deposits from 

Gran Canaria to Tenerife. 

At CMP 3500 the upper unit is disturbed by a couple of faults causing a 4 m deep and 

120 m wide depression of the seafloor. Erosional truncations at the seafloor (e.g. between 

CMP 2100 and 3300, or between CMP 5200 and 6200) indicate erosive bottom currents. 

Line PlOl 

Line 101 (Fig. 43) is radial to the northeastern tip of Tenerife (the Anaga massif), ap

proaching the island up to 6 km. The seafloor between CMP 5 7 and 3900 is characterized 

by a rough morphology generated by slide blocks and resulting in many out-of-the-plane

reflections and diffractions. Hence, it is difficult to determine the exact boundary between 

the original flank of Tenerife and the subsequent slides consisting of volcaniclastics. Almost 

aU internal reflectors seem to be remnants of 3D-diffraction hyperbolas. 

At CMP 3200, the average slope of the flank decreases from 12° (CMP 5 7 to 3200) 

to 4.5° further seaward. The reflection amplitude of the volcanic shield remains in general 

low to moderate with a low continuity. Systematic onlap terminations onto the flank were 

the main criterion to detect the flank. 

The sediments belong mainly to the flank facies . The transition to the basin facies 

begins at the northeastern end of the line. Apart from the two areas with parallel to 

subparaUel, medium to high amplitude reflectors with a narrow cycle breadth (CMP 1900 

1000, CMP 00 34), the general patterns are more or less chaotic (e.g. again crossing 

reflectors) with many mounds, best seen at the seafloor. 

Line P205 

Line 205 (Fig. •1•1) is the seaward continuation of line 101, radial to Tenerife ( Anaga 
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massif). The gap between both lines is ea. 1 km. The flank of Tenerife shows low to 

medium reflection amplitudes on line 101, whereas amplitudes on line 205 are high with a 

good continuity. The slope of the flank changes from 1° between MP 25~00 and 22300 

to almost horizontal further seaward at a depth of 5190 ms where the reflection from the 

shield fades out at CMP 19200. The base of the shield can not be determined exactly and 

is therefore labelled with a question mark on the linedrawing (Fig. ·14). The shield itself 

contains a number of medium to high amplitude disrupted internal reflectors, which in 

general parallel the top of the volcanic shield. Close to the feather edge of the shield some 

shingled reflection patterns are visible. The external form of the shield is characterized 

by flat mounds. The determination of the stratigraphic position of the feather edge in 

the basin is hampered by the low continuity and reflectivity in the western part of the 

line. Nevertheless, the parallel and almost horizontal bedding in the basin allows a good 

estimate of the age of the flank. It is some 30 ms deeper than reflector T. This corresponds 

to reflectors 23/24 at Site 953 (Table 4), with an age of ea. 6 Ma. The maximum K-Ar 

dates given by Ancochea et al. (1990) are 5.7 Ma for the eastern part of the subaerial 

Anaga massif and 6.5 Ma for the western part, which is further away from the seismic 

line. This indicates a rapid growth of the submarine shield of Anaga as there is no large 

age difference between the submarine and subaerial portion. 

The sediments above the flank of Tenerife are characterized by medium to high ampli

tude, parallel to subparallel reflectors with a narrow cycle breadth and a wavy tendency 

southwest of CMP 24500. Baselap relations indicate downslope mass transport. Seaward 

of CMP 24500 the reflectivity decreases apart from reflector band Q. This indicates a 

comparatively low volcaniclastic input from Tenerife or at least a low energy depositional 

system, i.e. that only few deposits had enough energy to advance far into the horizontally 

layered basin. Below the flank a number of reflectors can be seen with partly high am

plitudes, indicating that the shield of Tenerife is thin enough to let some seismic energy 

through. Their reflection patterns are similar to the deeper sediments outside the flank 

area. 

At first glance the sedimentary basin shows a very uniform pattern with a number of 

horizontal reflectors outside the flank area of Tenerife. When looked at in more detail, the 

lateral changes are significant and allow some conclusions on the origin of the deposits. 

The first important lateral change mentioned above (lines 301 and 210) is the general 

westward decrease of reflectivity in the sedimentary sequence, starting on this line between 

ea. CMP 6000 and 000. This was interpreted as the influence of the Galdar Ridge 

on the sed imentation paths of volcaniclastics entering the sea at the northern flank of 

Gran Canaria. Therefore, reflections disappearing to the west most probably are caused 

by volcaniclastics from Gran Canaria, because westward input from the southern edifice 

of Fuerteventura is expected to be low after its shield building phase. This westward 

decrease of reflectivity is visible between reflector bands Q and F with the exception of 

the bands around R~ and T. The amplitude of reflector band R first decreases westward 

of C'MP 17500. ome individual reflectors of the band can be correlated up to CMP 2350C. 
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Nevertheless, the reflector band RN represents volcaniclastics from Gran Canaria with a 

high depositional energy. 

Reflector band Q shows a change of reflection patterns between MP 16000 and 11200 

where amplitudes and continuity decrease. The disturbance may be caused by currents 

radial to the profile. The disturbed area is at least the approximate continuation of the 

deepest part of the channel between Gran Canaria and Tenerife. Therefore, a connection 

with currents can not be excluded. 

The uppermost seismic unit between the seafloor and reflector Q (seismic unit 7) is 

composed both of volcaniclastics from Gran Canaria and Tenerife. Northeast of CMP 

9000 a number of horizontal reflectors occur with low to medium amplitudes, a narrow 

cycle breadth and an excellent continuity. These reflectors are interpreted as caused by 

the coarse beach sands found at ODP Site 953 and 954 (Schmincke, Weaver, Firth et al., 

1995). The increase of their grain size towards Gran Canaria and the lateral westward fade 

out of the reflectors suggest a source on Gran Canaria. [nput from Tenerife can be seen in 

three debris flows with downlap onto the (former) seafloor at CMP 25000, 23500 and 9000. 

Thicknesses of the individual flows are ea. 20 m, 7 m and 10 m, respectively. The toe of the 

debris flow at CMP 9000 can be seen on Line 202 as well, suggesting Tenerife as a source 

for the deposits. No internal reflectors can be seen in this debris flow on the reflection 

seismic Line because the thickness of the unit is too low compared to the wavelength and 

the strong and broad seafioor reflection. The higher frequency Parasound data, however, 

can resolve the debris flow in more detail and at least four low to medium amplitude, 

parallel reflectors with a moderate to good continuity are visible, indicating that the flow 

is composed of several distinguishable units. Their vertical spacing is between 1 and 2 m. 

At a depth of 5550 ms a conspicuous parallel reflector band can be seen between CMP 

17500 and 10500. The reflector band consists of a high amplitude reflector with normal 

polarity at the top and a medium to high amplitude reflector with reverse polarity at the 

base. The continuity is good and the thickness of the unit represented by the reflector 

band is some 25 to 30 ms with a gradual thinning southwest of C'MP 16000 and an abrupt 

disappearance of the unit in the northeast. The age of the unit corresponds to that of 

reflector 40 at Site 953 (Table 4), i.e. 12.1-12.3 Ma corresponding approximately with 

the age of the thick debris flow discussed on Line 210 and 301 (Uthologic unit £V at Site 

954). At the crosspoint with line 301, this reflector band corresponds to the assumed 

continuation of the debris flow from Site 954. In conjunction with the lateral extent of the 

unit and the high amplitude (due to the high velocities of up to 5 km / sin the lithologic 

unit IV), this leads to the assumption that this is the same debris flow unit. 

Another thick high amplitude reflector band is seen at a depth of 60.50 ms which fades 

out at ea. CMP 000. Together with the patterns on line 202, a source in the east can be 

assumed. Deposition was prior to the shield phase of Gran anaria. Hence, this may be a 

volcaniclastic debris flow from the early buildup of the East 'anary islands Fucrteventura 

and Lanzarote. 

Reflections from the hyaloclastite unit (lithologic unit VII at ODP Site 953) can be 
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correlated on the northeastern part of the profile up to CMP 9500 at a depth between 

ea. 5740 and 5 20 ms TWT. The unit thins to the southwest. 

Line P202 

Line 202 (Fig. 45) is located south of line 205 with a SW-NE orientation. The southwestern 

end is directed to the channel between Gran Canaria and Tenerife. The volcanic shields 

of both Gran Canaria and Tenerife are embedded in the sedimentary basin . The flank of 

Tenerife is characterized by a medium amplitude and a moderate continuity. The shield 

extends up to CMP 6500 (5.2 s TWT) and is composed of several Rat mounds. The base 

of the shield can not be determined. 

The flank of Gran Canaria is only indicated by low to medium amplitude reflectors 

with a low continuity and is therefore difficult to see on the small scale seismic section in 

Fig. 45. Between CMP 3700 and 5900 a mound rises some 100 ms above the general level 

of the flank. The feather edge of the flank is located at CMP 12700 and at a depth of 

5640 ms. 

The general features of the sedimentary basin are very similar to those of line 205. 

The westward decrease of reflectivity starts at around CMP 15000 for reflector band RN 

at ea. CMP 10000. The reflectors between CMP 34 and 6400 have a pronounced wavy 

character interpreted as caused by currents of the channel between Gran Canaria and 

Tenerife. The thick debris flow (12.1-12.3 Ma) between CMP 5000 and 14500 has slightly 

different patterns compared to line 205: the reflector band is wavy with a moderate 

continuity and a variable amplitude with low to high values. The shape of the debris flow 

is for the most part caused by the mounded flank of Gran Canaria with a relief that was 

not filled up horizontally prior to the deposition of the mass flow. 

The Quaternary debris flow which terminates downlap onto the seafloor at CMP 9000 

on line 205 has its termination on line 202 at CMP 15500, indicating that its source was 

somewhere on Tenerife or at its submarine flank (see also Fig. 5 ). Possibly this flow 

corresponds to the very shallow sand unit at Site 954 with a thickness of 9 m (from 2 to 11 

mbsf). This sand unit with volcanic lithics is composed of about 12 turbidites (Schmincke, 

Weaver, Firth et al., 1995). 

The debris flow, possibly sourced in the East Canaries, with a high amplitude at a 

depth of 6050 ms, thins out at around CMP 14000. Between CMP 30000 and 33000 the 

reflector is hardly visible since the reflectivity in the area of the domal uplift is reduced 

beneath reflector M. 

Reflectors belonging to the thick hyaloclastite unit at Site 953 {lithologic unit VII) 

are visible as medium to high amplitude reflectors in the northeast, whose amplitude and 

continuity decrease to the southwest. At around CMP 15000 correlation becomes difficult; 

the unit is expected to thin out here. To the northeast the hyloclastites disappear at CMP 

2 00. 

Between C.MP 16100 and 20700 a high amplitude reflector band with a frequency of 

ea. 40 J[z can be seen below 7 s TWT. Further eastward the amplitude and continuity 

decrease. The shape of the reflector is uneven in contrast to the generally horizontal 
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bedding patterns in the basin. This reflector is interpreted to represent the oceanic crusta! 

basement based on its shape and depth. Refraction seismic data (Ye et al., 1996) suggest 

a basement depth of roughly 7.5 s TWT; similar values were found in the basin south of 

Gran Canaria and Tenerife during the Charles Darwin cruise No. 2 (Watts et al., 1993). 

The northeastern end of the profile is characterized by domal uplifts. The origin of 

these features is discussed below. Here, only a description of the s tructures is given. The 

area influenced by the uplift starts at around CMP 29500 with a dip of some 0.5° for the 

elsewhere nearly horizontal reflector M. Between CMP 31400 and 31900 reflector M and 

seismic unit 2 are pierced by the uplifted material. The reflectors in seismic units 3 to 5 and 

in the lower part of unit 6 can be correlated across the uplifted structure, but are domed 

up. Two faults in seismic units 3 and 4, and several small faults affecting reflector band 

M, reflect the tectonic stress that accompanied the uplift. Below reflector M reflection 

patterns in the uplifted area are chaotic, but the short visible reflection branches seem to 

form mounded structures up to a depth of 6 s TWT. Northeast of the large dome a further 

rise of reflectors occurs in seismic units 2 to 4, with some onlap fill in the syncline formed 

by reflector band M at CMP 32100. This indicates, together with the faults connected 

with reflector M, a first uplifting between ea. 14-13 Ma. Since sediments up to an age of 

ea. 2 Ma still show domed deformations, uplift may have continued up to this age. 

Line P203 

Line 203 (Fig. 46) orientated SSW-NNE is the seaward continuation of profile 134 on 

which ODP Site 953 is located. This line shows a well-stratified sedimentary basin with 

some interesting features. 

At the crosspoint with line 202 two domal uplift structures are seen. The southwestern 

one is identical with the dome described on profile 202, whereas the northeastern dome 

pierces seismic unit 2 and most of unit 3. Faults occur in unit 3 and 4, and overlying 

strata are domed up to the lower half of unit 6. Between CMP 4500 and 1700, a ea. 30 ms 

deep rim syncline is seen, the base of which is formed by reflector band M where onlap 

terminations indicate infill during early deposition of seismic unit 2. This is another 

confirmation for an initial uplift at around 14 13 Ma. Chaotic patterns with generally 

mounded structures can be recognized under the uplifted strata up to a depth of at least 

5. s TWT. 

Reflector band M is also conspicuous with regard to subsidence in the basin because it 

represents an unconformity with almost horizontal strata above and SSW dipping reflectors 

below. Several onlap terminations onto the reflector band can be seen. The dip of the 

reflectors below reflector M is around 0.3°. On crossline 204 no dip is seen up to 6 s, so 

that the true dip is to the southwest, towards Gran Canaria. Tl,is island is thought to 

be responsible for the subsidence of the originally horizontally deposited sediments below 

reflector M. Subsequent to the rapid shield-building phase of Gran Canaria, the underlying 

lithosphere has responded to the volcanic load. Bodine et al. (19 l) have shown that the 

response time of the lithosphere is some 0.5 to 1 my. This fits well with the age of reflector 

M (13 .5 14 Ma) and the buildup of the volcanic shield at around 15 14 Ma (Schmincke, 

r 
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Figure 46: Seismic line P203 with linedrawing. 

1994). Subsequent to flexure and subsidence, the related moat was filled by the overlying 

horizontal sediments. 

The prominent reflector band, interpreted as debris flow from the East Canary Ridge, 

can be seen almost along the entire Line. In the northeast, its depth is around 6 s, in the 

southwest 6.2 s, following the general dip of the reflectors below reflector band M. The 

hyaloclastite unit of Site 953 (Lithologic unit VII) can be correlated up to CMP 4000 where 

the otherwise high amplitudes decrease and the unit thins out. 

Northeast of ea. CMP 4000 all reflectors below reflector M are hard to correlate, 

although small branches with low to medium ampUtudes still allow recognition of the 

general strata! patterns. These reflection patterns are probably connected with the domal 

uplift in this area. 
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Figure 47: Seismic line P204 with linedrawing. 

The reflectors in the seismic units 2 to 7 have, apart from the uplift features, an 

excellent continuity and are bedded horizontally. The thickness of the almost reflection

free zone in the upper half of seismic unit 6 increases from 40 ms in the southwest to 

about 80 ms at CMP 4000 as the reflectors at the base of this zone thin out to the 

northeast. This indicates a decrease of the depositional energy of the volcaniclastics during 

the sedimentation of unit 6, as well as a general low input of volcaniclastic material into 

the sedimentary sequence. The period of time corresponding to the transparent layer is 

2-1 Ma. 

Line P 204 
Line 204 (Fig. 4 7) is the northwestern continuation of profile 135 and represents the 

link between ODP Site 953 on line 134 and the two lines 202 and 205. The profile is 
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only 26 km long and the sedimentary sequence is characterized by hlgh reflectivity with 

horizontal reflectors above ea. 6 s TWT and slightly southeast dipping reflectors below 

(ea. 0.15°). The reflection patterns show no striking lateral changes apart from a decrease 

of reflection amplitude below 5.8 s southeast of CMP 1000. This is probably caused by 

the hlgh amplitude reflection at 5720 ms, reflecting a large part of the seismic energy. 

The hyaloclastite debris flows (lithologic unit VII at Site 953) can be correlated along the 

entire profile as a band of medium to hlgh amplitude reflectors, thinning to the northwest. 

The change from the horizontal bedding to the southeast dipping sediments coincides 

approximately with the high amplitude reflector band at a depth of ea. 6.1 s TWT (in 

the northwest) which is thought to be a debris flow from the East Canaries. The dip of 

the flow is to the south (Fig. 66), i.e. different from the southwest dipping reflector M 

which probably represents the flexure of the lithosphere due to the volcanic load of Gran 

Canaria (see line 203). Therefore it is possible that the change of the dip of the debris 

flow represents the flexure due to the volcanic load of central Fuerteventura. This implies 

that the debris flow is some 20-19 my old, assuming an age of 20 ~la for the rapid shield 

building of Fuerteventura. This age is chosen since the oldest volcanic rocks on the island, 

apart from the emerged basal complex, are 20 my old (Coello et al., 1992). 

At CMP 3400 some fractures are visible between 5.4 and 5.9 s TWT. The vertical 

displacement is very small and hard to determine. 

Line P102 

Line 102 (Fig. 48) crosses the channel between Gran Canaria and Tenerife. Its north

western end is located 6 km off the northeastern tip of Tenerife (Anaga massif) while its 

southeastern end is directed to the northern limit of the large indentation of the northwest 

coast of Gran Canaria. 

The flank of Gran Canaria can be correlated from the southeast up to CMP 11600 

where the amplitudes become too low for further correlation. The flank consists of a 

low to medium amplitude, discontinuous reflector hampering good correlation, especially 

southeast of CMP 15000 where the slope of the flank is between 8° and 16°. In thls area 

the flank is covered with a sequence of some 300 to 400 ms thick sediments with chaotic 

patterns. Thls unit seems to be almost transparent since the amplitudes are very low. 

Northwest of CMP 15000 the amplitudes of the reflections from the flank are higher and 

several internal reflectors of the volcanic edifice become visible. The sediments above the 

shield still show chaotic patterns but they can be subdivided into two units. The upper 

unit is some 100 ms thick and the reflection branches have medium to high amplitudes 

and a narrow cycle breadth, whereas the lower unit contains only a few reflectors with low 

to medium amplitudes and appears therefore almost transparent, similar to the sediments 

southeast of CMP 15000. These transparent areas are probably composed of relatively 

homogeneous material (in terms of seismic impedance). The transparency of the unit is 

probably connected with the westward decrease of reflectivity (see lines 202 and 205), so 

that this area west of the Galdar Ridge is almost free from volcaniclastic input from Gran 

Canaria, i.e. the transparent unit represents the normal background sedimentation. The 
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upper sediments, with medium to high amplitudes, are thought to be mainly Quaternary 

volcaniclastics from Tenerife since reflector band Q was not affected by the westward 

decrease of amplitudes. 

The correlation of the shield of Tenerife is hampered by the numerous blocks northwest 

of CMP 000 and by the chaotic patterns in the scdimcnts. The average slope up to CMP 

4500 is 7°, further to the northwest about 2°. The blocks deposited on the flank are 

composed of numerous diffraction hyperbolas which could not be coUapsed by migration 

techniques. The rises between CMP 4500 and 000 are also visible in the bathymetric 

map (Fig. 22) as a field of blocks through which the profile runs, resulting in the observed 

side echos. The source of the slump blocks is thought to be the subaerial or submarine 

part of Tenerife on whose flank they are deposited. 

The interpretation of the morphology between CMP 34 and 1600 is not as easy as for 

the mentioned slump blocks further downslope. The rises could represent slide blocks, but 

the low number of side echos suggest that they are the waUs of canyons. Unfortunately 

the coverage with bathymctric data is too low to allow an unambigious interpretation. 

The proximity to the strongly fractured and eroded Anaga massif, with its numerous 

onshore canyons and tangential orientation of profile towards Tenerife, would support 

this hypothesis. The depth of the assumed canyons at CMP 400 is ea. 250 m, at CMP 

1100 ea. 200 m, comparable to the 200 to 300 m deep canyons adjacent to the profile on 

northeast Tenerife (Barranco de Roque Bermejo, Barranco de Anosma, Barranco Ijuana). 

The chaotic patterns of the upper ea. 100 ms thick sediments between CMP 8000 and 

15000 reflect the complex fill of the channel with input from Tenerife, as weU as from Gran 

Canaria on a smaller scale, accompanied by currents and transport along the channel axis . 

Line PUO 

Line 110 (Fig. 49) is located northwest of Gran Canaria in a SSW-NNE direction, crossing 

line 102 in the SSW. The two seismic lines do not fit together very well at their crosspoint 

due to the steep 22° slopeon line 110 and 14° on line 102. On line 102 a transparent unit lies 

above the low amplitude reflection from the volcanic shield, whereas the steeper seafloor 

on line 110 between CMP 6000 and 6900 does not aUow correlation of any reflectors below 

the seafloor. 

Northeast of MP 6000 where the slope decreases, an almost transparent unit can be 

seen above the shield. The reflection from the flank of Gran Canaria is characterized by 

low to medium amplitudes, a low continuity and mounded structures. The transparent 

unit represents almost the entire sedimentary column between CMP 6000 and 3700 with 

a few low amplitude reflectors, whereas further northwestward internal rC'flcctors of the 

tran:,parcnt unit have slightly higher amplitudes, with more uneven or hummocky con

figuration, and show onlap terminations onto the flank. Additionally the unit is covered 

here by sediments with a higher reflectivity (narrow cycle breadth) and complex internal 

structures. 

Again, the transparent unit probably corresponds to mainly nonvolcanic deposits. 

The upper unit with its higher reflectivity represents alternating volcaniclastic sediments 
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Figure 50: Seismic line P208 with linedra.wing. 

and normal background sedimentation (high impedance contrasts). A number of baselap 

terminations and generally northeast dipping reflectors indicate a. fill from the southwest, 

i.e. Gran Ca.na.ria.. Mounded or wavy reflection configurations alternate with bands of par

allel or subpa.rallel reflectors, corresponding to variations of depositional energy. Erosion 

is also very important in this unit, best seen in the three mounds at CMP 2700, 2000 

and 800. The erosional truncation at the mound at CMP 800 is covered with some 25 ms 

of stratified sediments, whereas the two other mounds are affected by erosion up to the 

present. 

Southwest of CMP 6900 the flank is covered with up to 100 ms thick sediments of a. 

prograding clinoform with medium amplitudes. 

Line P208 
Line 20 (Fig. 50) crosses line 110 perpendicularly, its orientation is WNW-ESE. The 

southeastern end is km north of Cape Galdar. The volcanic edifice of Gran Canaria. is, 

as on lines 110 and 102, covered with an up to 450 ms thick unit with low reflectivity. The 

reflectors in this almost transparent unit have low amplitudes, moderate continuity and are 

roughly parallel to the flank. The unit is interpreted to consist mainly of the nonvolcanic 

background sediments. Southeast of CMP 800 the slope of the island flank increases and 

no internal reflectors can be seen beneath the seafloor apart from remnants of out of plane 
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Figure 51: Seismic line P207 with linedrawing. 

diffraction hyperbolas. The reflection from the top of the volcanic edifice has only a low 

amplitude and discontinuous, mounded patterns beneath the thick transparent unit. 

Northwest of CMP 3300 the almost transparent unit is covered with up to 200 ms 

thick sediments with medium amplit udes and a generally Low continuity with disrupted 

patterns. The internal configuration is variable, parallel to subparallel or hummocky, and 

two mounds have been developed between CMP 3300 and 4200. Baselap terminations are 

widespread. 

Line P207 
Line 207 (Fig. 51) is directed radial to the northwest coast of Gran Canaria (Galdar) in 

a NNW-SSE orientation. It approaches the coast up to 11 km. The flank of Gran Ca

naria can be correlated northwestward up to CMP 1300, where the decrease in amplitude 
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hampers further correlation. The amplitude is low to medium, the slope is a bout 8° and 

small faults and mounds are characteristic for the flank. The continuity correlates to the 

amplitude, southeast of CMP 5200 the amplitude is low as well a.s the continu ity. 

From correlation with line 206 and 202 close to the northwestern end of line 207, the 

low and discontinuous reflector slightly below 5 s TWT is thought to represent the volcanic 

pedestal of Tenerife. 

The sedimentary fill is made up of a lower unit with low reflectivity (almost transpar

ent) and an upper unit - between 100 and 300 ms thick - with medium to high reflectivity. 

The lower unit contains a few low to medium amplitude reflectors with low continuity and 

some onlaps onto the flank of Gran Canaria. The transparent unit is part of the zone of 

low volcaniclastic input from Gran Canaria west of the Galdar Ridge. The reflectors in 

the upper unit have, in general, medium to high amplitudes. Between CMP 31 and 1600 

the reflectors are wavy, forming small mounds with subsequent fill. Therefore , a number 

of baselap terminations can be seen. One reflector appears disrupted and is cut by several 

faults . Between CMP 1600 and 4000 the upper unit is formed by a mound with contourite 

like patterns in its upper part, whereas the lower part is disrupted and has some faults. 

Southeast of CMP 4000 the upper sedimentary sequence consists of a basal unit with 

parallel to subparallel reflectors with a narrow cycle breadth and decreasing amplitudes 

upslope (connected with a general thinning), and an overlying slump unit containing two 

individual slumps. The slump between CMP 5300 and 7000 onlaps onto the other one be

tween CMP 4000 and 5600. The internal reflection patterns of the slumps are chaotic with 

short branches of medium amplitudes, disrupted by remnants of diffraction hyperbolas. 

The original strata! features are still recognizable (numerous parallel reflections). 
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5.5 Mapping of the apron 

Mapping of the prominent reflectors and seismic units contributes to the understanding of 

the three-dimensional structure of the apron, even though the spacing and location of the 

lines is not optimal for this purpose. However, the long spatial wavelength trend is correct 

and therefore the applied interpolation of the minimum curvature gridding algorithm is 

justified. Nevertheless, one should always be aware of the location of the profiles which are 

therefore plotted in each figure. In some cases, the prominent reflector band associated 

with the mapped reflector can be correlated further than the individual reflector itself. 

To avoid discrepancies, mapping was restricted to the individual reflectors and not to an 

entire band. The conversion from two-way travel time to depth was done by the fitted 

velocity function for the sediments described in the Processing chapter (page 37). 

5.5.1 Mapping of prominent reflectors 

The depth of the Quaternary reflector Q (Fig. 52) decreases from more than 3650 m in 

the basin to less than 3500 m towards the islands. This pattern can be explained by the 

landward rise of the volcanic flanks so the overlying sediments are rising as well. The 

reflector itself can be correlated up to 34 km towards Gran Canaria and Tenerife and as 

close as 25 km to the Amanay Bank. The low volcaniclastic input from the bank results 

in a less distinctive slope facies and therefore the correlation is possible even in more 

proximal distances. 

The correlation of the Roque Nublo lapillistones of reflector RN (Fig. 53) is even better 

than for reflector Q. On profile 301 (Fig. 39), reflector RN onlaps the island flank 27 km 

off Gran Canaria at a depth of some 3600 m, further basinwards the depth increases to 

slightly more than 3850 m. Uplift structures are recognizable at the northeastern corner 

of the mapped area on lines 202 and 203 (Fig. 45 and 46). The landward limits of reflector 

RN roughly coincide with the transition from basin to slope facies. On profile 205 it is 

somewhat closer to Tenerife. 

The correlation below reflector RN is limited to the northeastern region since the 

Galdar Ridge has influenced the deposition of volcaniclastics in such a way that debris 

from northern Gran Canaria was generally deviated to the eastern part of the apron. 

Reflector T (Fig. 54) has a depth of some 3950 m in the basin, decreasing island ward. The 

domal uplift in the northeast is of the same scale as for the reflector RN. 

Reflector H (Fig. 55) has a maximum depth of ea. 4100 m, decreasing to 3875 m, at 

which depth it onlaps onto the debris on the flank of the Amanay Bank. In the southern 

area the reflector dips northward. The uplift in the northeast amounts to > 50 m. 

Reflector F (Fig. 56) dips to the southwest in the northeast, in the south the layer 

rises towards Gran Canaria and Fuerteventura. On profile 135 the reflector onlaps the 

debris-covered flank of the Amanay Bank at a depth of ea. 3950 m, while the depth in 

more distal regions is up to 4300 m. 

The patterns of reflector M (Fig. 57) are completely different from those discussed 
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Figure 52: Depth of reflector Q in meters below sea level. Contour interval is 25 m. 
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Figure 53: Depth of reflector RN in meters below sea level. Contour interval is 50 m. 
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Figure 56: Depth of reflector F in meters below sea level. Contour interval is 50 m. 
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Figure 57: Depth of reflector M in meters below sea level. Contour interval is 50 m. 
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previously. Here, the reflector deepens to the southwest towards Gran Canaria. The 

suspected reason for this was mentioned in the description of seismic line 203: after the 

rapid buildup of the shield of Gran Canaria the lithosphere responded to the volcanic load 

with flexure, and the original more or less horizontal strata below reflector M subsided. 

Since the amount of subsidence decreases with distance to the load, this results in the dip 

towards the island. At the northeastern corner of the mapped area the general trend is 

supplemented by the domal uplift, raising the reflector by more than 100 m in addition. 

5.5.2 Sedimentation rates and thickness of seismic units 

With the depths of the reflectors presented above, the thickness of seismic units 2 through 

7 can be calculated and subsequently the sedimentation rates are computed by means of 

the ages given by the bio-and magnetostratigraphy at ODP Site 953 (Schmincke, Weaver, 

Firth et al., 1995). The sedimentation rates are not corrected for compaction. 

Fig. 58 shows the thickness of seismic unit 7 which varies between 30 and 65 m. The 

black line marks the position of the downlap of the debris flow from Tenerife on the seafloor 

(observed on profile 202 and 205, Fig. 45 and 44). The thickness of unit 7 decreases here by 

some 10 m. Further to the east the thickness increases again to 65 m on profile 135, where 

a number of debris flows from the Amanay Bank or the southern edifice of Fuerteventura 

have thickened the unit. The average sedimentation rate (Fig. 5 ) is some 6 cmjky, the 

maximum values are about cmfky. 

The average thickness of seismic unit 6 (Fig. 59) is slightly less than 200 m in the 

basin, towards the islands the sediments are thinning as in the northeastern corner of the 

mapped area above the domal uplift. The corresponding sedimentation rates increase from 

5 cm/ky close to the islands to around 7 cm/ky in the basin, and, hence, sedimentation 

rates in unit 6 and 7 are of the same magnitude. This reflects the high volcaniclastic input 

during the Roque Nublo phase of volcanism and its subsequent erosion corresponding to 

unit 6, and the deposition of material during the Quaternary volcanism on Tenerife and 

the northern part of Gran Canaria in unit 7 (mainly thick sand units). 

In contrast, seismic unit 5, which corresponds to the transition from the volcanic hiatus 

on Gran Canaria to the Roque Nublo phase of volcanism, is seismically characterized by 

lower amplitudes and an almost reflection free pattern at its top indicating a low content 

of volcaniclastic inter beds. This results in lower sedimentation rates (Fig. 60), where the 

values reach 6 cm/ky only in the distal areas of the apron. The thickness of the unit 

steadily increases away from the coast from less than 50 m to 125 m. In contrast to unit 

6, the domal uplift in the northeast has not caused a thinning of unit 5, implying that the 

uplift in the time interval 5.5-3.5 Ma almost stopped. 

Unit 4 roughly corresponds to the volcanic hiatus on Gran Canaria, documented the 

comparatively low sedimentation rates (Fig. 61) due to the decrease of volcaniclastic input 

into the sedimentary basin. With 3-4 cm/ky, this is the minimum of all mapped units. 

Around ODP Site 953 the unit has a maximum thickness of up to 170 m, formed by a 

mound in the upper part of the unit. To the south and the north the unit becomes thinner, 
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Figure 58: Iopach map of seismic unit 7 (0-0.8 Ma) and its sedimentation rate. The 

contour interval is 10 m for the thickness and 1 cmf ky for the sedimentation rate. 
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Figure 59: Iopach map of seismic unit 6 (ea. 0.8-3.58 Ma) and its sedimentation rate. The 

contour interval is 25 m for the thickness and 1 cm/ky for the sedimentation rate. 
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Figure 60: Iopach map of seismic unit 5 (ea. 3.58-5.56 Ma) and its sedimentation rate. 

The contour interval is 25 m for the thickness and 1 cmfky for the sedimentation rate. 
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Figure 61: lopach map of seismic unit 4 (ea. 5.56-9.4 Ma) and its seclimentation rate. The 

contour interval is 25 m for the thickness and 1 cm/ky for the seclimentation rate. 
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Figure 62: Iopach map of seismic unit 3 (ea. 9.4-11.9 Ma) and its sedimentation rate. The 

contour interval is 25 m for the thickness and 1 cm/ky for the sedimentation rate. 
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Figure 63: Iopach map of seismic unit 2 (ea. 11.9-13.86 Ma) and its sedimentation rate. 

The contour interval is 25 m for the thickness and 1 cmfky for the sedimentation rate. 
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and at the uplift structure in the northeast the unit is only about 100 m thick, indicating 

uplift during the volcanic hiatus. 

Seismic unit 3 falls into the Fataga phase of volcanism on Gran C'anaria. The isopach 

map (Fig. 62) shows a similar pattern as the depth of the lower boundary layer of the 

unit (reflector F, Fig. 56): deeper parts of the apron were filled with accordingly more 

sediments. Depth differences in the apron were thereby decreased and clearly leveled out 

when compared with the top boundary layer (reflector H, Fig. 55). A thinning of unit 

3 is recognizable at the uplift st ructures. The sedimentation rates are up to cm/ky in 

the deeper part of the apron indicating the amount of additional vokaniclastic material 

available for sedimentary fill. 

The thickness of the lowermost mapped seismic unit (unit 2, Fig. 63) increases from 

the northeast towards Gran Canaria. In the northeast, where the uplift structure is 

responsible for the thinning, the thickness is less than 75 m. Close to ODP Site 953 the 

lower boundary layer of the unit (reflector M) onlaps the flank of Gran Can aria and here 

the unit is ea. 230 m thick , resulting in a sedimentation rate of more than 11 cm/ky. 

Responsible for this high rate is the fiexu re of the lithosphere as response to the volcanic 

load of Gran Canaria, forming a local depression along the outer rim of the island flank 

which was subsequently a preferred area of deposition until the low was filled. 

5.6 Discussion 

5.6.1 Uplift structures 

In lines P202 and P203 (Fig. 46, 45) indications for updoming can be seen. These features 

could be the result of salt or mud diapirism, or could be caused by a magmatic intrusion. 

Hinz et al. {19 2) have mapped a dyke complex just 15 km southeast of the observed uplift 

structures with open boundaries towards them. This could suggest a magmatic origin of 

the domal uplifts, since so far no mud diapirism is known in the basin north of the Canary 

Islands. Regarding a salt origin, one has to take into consideration the distance of 150 km 

to the belt of salt diapirs between Northwest Africa and the East Canaries (Hinz et al., 

19 2; see Fig. 1), the Jurassic/Triassic evaporites which could have provided the material 

for the diapirism. Younger salt deposits at these latitudes of the Atlantic Ocean are not 
known. 

The seismic data favor a salt or mud origin because there is evidence for rim synclines 

and a prolonged uplift period, lasting several million years. To understand the cause for 

the uplift, additional data have been analysed, including the magnetic a nd gravity data 

collected parallel to the seismic acquisition during M24 cruise. The data for line P203 

were kindly provided by G.A. Dehghani and are shown in Fig. 64. The magnetic anomaly 

varies between some 110 and 140 nT, its minimum is at the northeastern end of the profile 

where the uplifts are located. The gravity is plotted together with the best linear fit. 

showing an almost linear increase of the values towards the northeast. 

To compute the gravity effect of a salt/ mud dome, or alternatively a magmatic intru-
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Figure 64: Magnetic anomaly and free-air gravity along profile P203, plotted together 

with the seismic linedrawing. For the gravity data, the best linear fit is also shown to 

indicate the linear increase of the free-air gravity towards the northeast . The data were 

provided by G.A. Dehghani. 

si on, a simple cylindrical shape was assumed and the formula given in Telford et al. ( 1990) 

was applied. Regarding the southwestern uplift on profile P203 (Fig. 64), a cylinder radius 

of 1 km was chosen. The depth is at least 4200 m, the cylinder height is represented by 

the amount of uplift (some 60 m) and the density contrast between the salt/mud and the 

surrounding sediments is assumed less than 0.2 gfcm3 . These parameters cause a gravity 

anomaly of 0.01 mgal whlch is by far too low to be detected because the scatter of the data 

is already around 2- 3 mgal. Even the combined effect with the adjacent uplift structure 

would not be recognizable. 
In case of a magmatic intrusion, the cylinder height would be 3 km or more, because the 

material had to penetrate the whole sedimentary column up to the top of the intrusion. 

The sediment thickness above the the crust is ea. 4 km in this area (Ye et al., 1996). 

The depth and radius of the cy linder remain the same but the density contrast is larger, 

probably as high as 0.7 gfcm3 . The gravity effect would be 1.4 mgal. Larger dimensions 
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Figure 65: Theoretical magnetic anomaly of a magmatic intrusion at the location of the 

domal uplifts on profile P203. The geometry and the magnetic susceptibilities ( k) of the 

model are given in the lower part, the calculated anomaly is shown in the upper part. The 

model was computed by J. Liu. 

of the intrusion are suggested by the neighboring uplift and a radius of 2 km would result 

in an anomaly of 5.3 mgal. This value should be visible in the data set, but there is no 

evidence for a broad gravity increase above the uplift. 

To estimate the magnetic effect of a magmatic intrusion a simple model was con

structed {Fig. 65), assuming a magnetic susceptibility (k) of 0 emu for the water, 0.001 emu 

for the su rrounding sediments and 0.01 em u for the intrusion. The result is a strong mag

netic anomaly of 200 nT, which does not fit the measured data (Fig. 61 ). 

A non-magmatic origin of the observed uplift structures is thus indicated using three 

different lines of evidence. The question of salt versus mud diapirism remains. In the case 

of a salt structure, one has to explain the origin of the salt. A NNW SSE trending zone 

of salt diapirs (Fig. 1) which runs northward from east of the island of Fuerteventura has 

been mapped by IIinz et al. ( 19 2). They assume a single evaporite basin in that area, 

which existed before the separation of the African and North American plate, providing the 

salt deposits for the diapirism. Even though the seaward extent of the submarine shield 

of Fuerteventura is poorly constrained llinz et al. ( 19 2) have not mapped the area 

between Fuerteventura and the salt diapirs, and the seismic data presented in Wissmann 

( L979) do not have sufficient penetration a rough coincidence between the western limit 
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of the salt diapir zone and the eastern edge of the volcanic flank of Fuerteventura can 

be expected: the salt diapirs are approaching Fuerteventura up to 34 km, whereas the 

better constrained limit of the western flank of Fuerteventura is located up to 60 km or 

more from the shoreline. Possible salt diapirs beneath Fuerteventura would be seismically 

masked by the overlying volcanic basement and, hence , the salt deposits may well extend 

further to the west. Furthermore, the volcanic load of Fuerteventura could have initiated a 

moblisation of the salt deposits beneath it. The observed uplift close to the western flank 

of Fuerteventura could thus represent remnants of migrated salt, uplifted outside the zone 

of the volcanic load. The amount of uplift is by far less than to the east of Fuerteventura 

where diapirs pierce the seafloor (Wissmann, 1979). 

In contrast to salt domes only a few examples of mud diapirism are known offshore. 

Von Rad and Wissmann (19 2) suggested a mud origin for two diapirs at the continental 

margin 300 km south of the Canary Islands; they cannot, however, exclude a salt origin. 

Unquestionable mud diapirs are reported especially at accretionary complexes such as the 

Barbados Ridge (e.g. Henry et al., 1990) and the Mediterranean Ridge (Camerlenghi et 

al., 1992). Brown (1990) points out that mud diapirism involves mud and overpressured 

multiphase pore fluids (water and methane). lie described the important role of methane 

as driving force for the intrusion process, pointing out that only 1 %of the pore space filled 

by free methane at a depth of 6 km would result in a dramatic increase of porosity and 

decrease of density which could cause the necessary buoyancy. The ODP Sites 95-! and 956 

(Schminckc, Weaver, Firth et al., 1995) found no methane concentration above 6 ppm. At 

Site 9.53, located closest to the domes (ea. 35 km away), the methane concentration is low as 

well, only at around 1050 mbsf a slightly higher concentration of 34 ppm was measured. In 

contrast, the two sites closest to the continental margin show a higher methane content. 

At Site 955 values of up to 54965 ppm were recorded. The methane content in gas 

pockets found at DSDP Site 397 varied between 1 and 3 % (Whelan, 1979), with, in 

general, high values for the Miocene and the drilled Cretaceous interval. In summary, 

the methane content can change over short distances and considerable concentrations can 

occur locally. Sediments close to the continental margin have an especially high methane 

content, suggesting a relation to the sediment supply from the continent . Therefore, a high 

methane content in the deep northern basin below the drilling penetration is conceivable, 

as there are sediments which were deposited prior to the buildup of the topographic 

barrier of the Eastern Canary Islands which are protected from further sediment supply 

from Africa. Because of that, mud diapirism on profile 203 and 202 is not impossible, but 

the presence of evaporites appears to be more likely. 

5.6.2 Mass wasting 

So far only little is known about mass wasting and slides at the Canary Islands, in contrast 

to e.g. the Hawaiian Islands, where Moore et al. ( 19 9) detected large submarine landslides 

by means of the side-scan sonar system GLORIA. For Ilawaii this is a very powerful tool 

since background sedimentation rates are low, and, hence, slide deposits remain visible at 
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Figure 66: Depth of the ea. 12.3 Ma debris flow from northern Gran Canaria and the East 

Canary debris flow (given in meters below sea level). The contour interval is lOO m for 

the derbis flow and 200 m for the bathymetry. 

the seafloor for a longer time than at the Canary Islands, where such deposits would be 

masked more rapidly by sediments. In the case of the young (younger than 1.2 Ma) giant 

landslide of Orotava on Tenerife, Watts and Masson (1995) could still see its submarine 

extension and shape with the GLORIA system. Older slides in the more than 20 Ma old 

history of the Canary Islands cannot be detected so easily, even if the islands morphology 

and studies onshore can provide evidence for large mass wasting events. By means of an 

adequate set of seismic lines, these sediment covered slides can be recognized. This was 

done in the apron north of Gran Canaria. 

Lithologic unit IV at Site 954 was interpreted by Schmincke, Weaver, Firth et al. (1995) 

as a basaltic breccia emplaced by one or more debris flows at ea. 14 Ma after completion of 

the shield of Gran Canaria. However, the seismic data suggest an emplacement at ea. 12 

Ma. Mapping of the corresponding reflectorband (Fig. 66 and 67) gives a very consistent 

image of the unit, even if the correlation was sometimes interrupted on line 301. The 

lateral east-west extension on the Lines 210, 202, and 205 (Fig. 66) fits remarkably well 

and suggests an origin of the debris flow at northern Gran Canaria. 

The seismic results do not contradict the assumed basaltic composition of lithologic 

unit IV and its age of some 14 Ma derived from matrix foraminifera. The data in its 

entirety support the assumption that unit IV represents a displacement of a 14 my old 
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primary debris flow as consequence of a collapse at the northern flank of Gran Canaria 

at ea. 12 Ma. The observed hiatus between unit IV and the ea. 10.7 my old overlying 

sediments is caused by the drill position of Site 954 into the top of a mound formed 

by the basaltic unit IV. Hence, the hiatus represents a local interval of non-deposition. 

Nevertheless, at the flanks of the mound, older sediments are recognizable, deposited 

between ea. 10.7 and 12 M a. 

This mound can be seen in Fig. 66, showing the depth of the top of the debris flow. 

The shape of the unit becomes increasingly smoother to the north. At line 205 (Fig. 14) the 

reflectors are almost horizontally layered. Furthermore an isopach map of the debris unit 

was computed by measuring the two-way travel time between the top and base reflector 

and applying a velocity of 5.0 km/s, found to be the average velocity of the unit at Site 954 

(see Fig. 16). To the east and west the deposits thin rapidly. To the north, the thickness 

increases to > 0 m on line 205. The northward limit of the deposits is out of the seismic 

net and to the south the basaltic debris flow cannot be seismically distinguished from the 

similar basaltic island flank. The volume of the deposits was calculated for the mapped 

area in Fig. 67 (909 km2
), resuting in 5 .5 km3 of material. This yields an average thickness 

of 64 m. Regarding the fact that the thickest portions of the debris flow are located in the 

north where the seismic lines stop, one can expect several tens of km3 more of material 

associated with the mass wasting event. 

This brings up the question of the origin of the debris Bow. Fig. 66 shows the east

ern and western boundary of the flow running towards the indentation at the northern 

coast/shelf of Gran Can aria. This indentation is thought to be a slide scar, forming the 

amphitheatre from which the basaltic material advanced more than 70 km into the volcanic 

apron. The exact shape of the amphitheatre is difficult to determine since the Quater

nary volcanism on the La Isleta peninsula in the east probably has changed its original 

shape. The detailed bathymetric map of Fig. 22 suggests an indentation of some 10 to 

12 km width, cut ea. 3 km into the island. Estimating the thickness of the slump block 

to be somewhere between 2 and 4 km yields a volume between ( 10x3x2=) 60 km3 and 

( 12x3x4=) 144 km3, which is in good accordance with the measured debris flow volume. 

The amphitheatre and the advance of the debris into distal areas of the apron suggest 

a rapid emplacement of the deposits, possibly by a debris avalanche which turned into 

debris flows further basinwards before passing ODP Site 954. 

Fig. 66 shows the depth of a debris flow unit mapped in the northeastern part of the 

apron. The thinning and termination of the flow to the west suggest an origin on the 

East Canaries. The present dip of the debris flow is to the south, in contrast to the more 

southwesterly dips of the overlying sediments up to reflector M. This change in dip may 

be caused by the flexure of the lithosphere due to the volcanic load of Fuerteventura. In 

other words, flow was emplaced some 0.5 to 1 my after the rapid sh ield building of the 

island which has been dated around 20 Ma for the central edifice (C'oello et al., 1992). 

This would imply high sedimentation rates between the shieldbuilding of Fuerteventura 

and Gran Canaria. The debris flow is ea. 300 ms TWT below the hyaloclastite debris 
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Figure 67: Thickness in meters of the ea. 12.3 Ma debris flow from northern Gran Canaria. 

The contour interval is 10 m. The two-way travel time was converted to depth by applying 

a velocity of 5.0 kmfs. The contour interval of the bathymetry is 200 m. 

flows found in the lowermost lithologic unit of Site 953. The age of the hyaloclastites 

is somewhere between 15. and 17.4 Ma, but could not be determined more precisely 

due to the lack of nannofossils and foraminifera (Schmincke, Weaver, Firth et al., 1995). 

The 300 ms of intercalated sediments correspond to ea. 400 m thickness, resulting in a 

minimum sedimentation rate of about 10 cm/ky when assuming 20 Ma for the debris flow 

and 16 Ma for the hyaloclastites. This rate is comparable with values of up to 12 cmfky 

in seismic unit 2 subsequent to the shield building of Gran Canaria. On the other hand, 

taking 17.4 Ma for the hyaloclastites and 19 Ma for the East Canary debris flow would 

result in 25 cm/ky which appears unrealistically high. Alternatively, the debris flow unit 

may consist of shallow submarine volcaniclastics from the basal complex of Fuerteventura 

of Oligocene age. 

The most spectacular mass wasting event was the emplacement of lithologic unit 7 at 

ODP Site 953 which consists of hyaloclastite debris flow and turbidite deposits (Schmlncke, 

Weaver. Firth et al., 1995). They were probably formed by shallow submarine eruptions 

of basaltic magma and were deposited by debris flows and high concentration turbidity 

currents. The thickness at Site 953 is at least 190 m, where drilling terminated. Seismically, 

the unit is composed of a number of internal reflectors with medium to high amplitudes. 

The identification of the bottom reflection is not unambigous, as other medium to high 
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Figure 68: Isopach map of the hyaloclastite unit (lithologic unit 7 at ODP Site 953). The 

contour interval is 25 m (200 m for the bathymetry). The dashed line is the estimated 

extent of the unit outside the seismic net. 

amplitude reflectors are visible below, but their continuity is less and the cycle breadth 

changes. These reflectors are also thought to represent volcaniclastic debris flow deposits. 

To map the thickness of the hyaloclastite unit (Fig. 6 ) the two-way travel times were 

converted to depth by assuming a velocity of 3.3 km/s. This velocity results from the 

computation of synthetic seismograms at Site 953 after applying a correction of -306 m/s 

to the measurements done with the Hamilton frame (see Synthetic seismograms chapter , 

page 33). The thickness reaches a maximum with slightly less than 200 m in the vicinity 

of Site 953. At line 135 the unit thins out when it onlaps onto the flank of the Amanay 

Bank. The northeastern extent was mapped on lines 202 and 203, the southwestern one 

on lines 202 and 205. The correlation of the unit on line 134 southwest of Site 953 was 

hampered by the thickening of the overlying shield of Gran Canaria. Nevertheless, the 

suspected limit on line 134 fits well with the limits on lines 202 and 205. 

The patterns of the isopach map suggest the source of the mass flows somewhere on 

the (submarine) southern edifice of Fuerteventura. The flat onlap of the unit onto the 

flank of the Amanay Bank favors a source outside the bank because otherwise remnants of 

the material would be expected further upslope and the reflection patterns would possibly 

be more chaotic. Schmincke (personal communication) concludes from comparison of 

the petrographic-geologic succession at Site 953 and 956 that the main source of the 
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hyaloclastite unit was Gran Canaria, only the lower part is interpreted to be possibly 

from Fuerteventura. Fwm the area mapped in Fig. 68 the volume of the hyaloclastites 

was computed: the area is 1162 km2
, the average thickness 78 m, and the volume is 

therefore 90 km3 . Since a large portion of the material was deposited outside the seismic 

net, the total amount is much higher than the 90 km3 , possibly twice as high, reflecting 

voluminous shallow submarine volcanic activity. 

Other volcaniclastic interbeds in the apron are not thick enough to allow seismic 

separation of their top and base. But their individual volume can easily reach several 

km3 . The lapillistones forming the reflector RN are at least 2 m thick, both at Site 953 

and 954. The area in which the reflector can be correlated covers some 3500 km2 , resulting 

in a volume of 7 km3 without taking into account the volumes in the chaotic flank region 

or north of the seismic net . Because the low recovery at that interval was most likely due 

to the coarse grained nature of these deposits the real thickness may be up to m at Site 

953 and possibly 20 m at Site 95-l. The real volumes may thus be in excess of 50 km3 . 

The recent debris flow seen at the seafloor on lines 202 and 205 is some 10 m thick and 

covers at least 800 km 2 , so that the volume of the mass flow is about km3 . 

The origin of the volcaniclastic sediments in the basin north of Gran Canaria can 

be roughly subdivided into three groups (ignoring the proximity to the island flanks of 

Gran Canaria, Tenerife and Fuerteventura (Amanay Bank), where the relevant island 

contribution increases): 

1. Prior to the shield building of Gran Canaria the input was most probably from the 

East Canaries, such as the discussed East Canary debris flow and the hyaloclastite 

unit (following the seismic intepretation). 

2. The volcaniclastic interbeds of the seismic units 1 to 6 (i.e. after the basaltic shield 

building of Gran Canaria until ea. 1 Ma) were predominantly derived from Gran 

Canaria. Apart from the reflector band around RN, the deposition was mainly to 

the northeastern part of the apron because the Galdar Ridge deflected the sediments 

entering the sea in the north to that direction. The distribution of the Roque 

N ublo deposits further to the northwest is thought to be caused by the character of 

volcanism with different paths of sedimentation. Subsequent to the shield building of 

Tenerife, minor supply was from this island, bu t much less than from Gran Canaria. 

3. Since ea. 1 Ma (seismic unit 7 and transition to unit 6), volcaniclastic sediment input 

has come from both Gran Canaria and Tenerife. 

With repsect to the Galdar Ridge, another point to discuss is, namely the role of 

sediments entering the sea west of the ridge. These sediments come e.g. from the Barranco 

de Agaete and the large erosional platform in the northwest. The westward decrease 

of reflectivity in the northern apron suggests that these volcaniclastic sediments were 

deposited rather to the west or the northwest than to the north. Deposits older than the 

the shield of Tenerife (ea. 6 Ma) are therefore probably masked by the overlying flank of 
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the island. Younger volcaniclastic sediments are abundant in the channel between Gran 

Canaria and Tenerife compared to the western part of the northern apron, confirming the 

predominant west or northwestward deposition of these sediments. 

5.6.3 Erosion and currents 

Erosion by bottom currents has had a strong influence on the area between Gran Canaria 

and Fuerteventura, much more than between Gran Canaria and Tenerife. The reason for 

the smaller impact on the latter channel is above all interpreted to be due to the greater 

water depth and the more funnel-like shape. Fig. 19 shows the funnel-shaped isobaths of 

the northern and southern entrance of the channel between Gran Canaria and Tenerife 

with a water depth of 2250 m. The channel between Gran Canaria and Fuerteventura 

in contrast forms a more or less horizontal barrier between the islands with a maximum 

depth of only 1550 m. This enormous reduction of the cross-section enlarges the flow 

velocity. 

The (small scale) hilly relief of the volcanic basement between Gran Canaria and 

Fuerteventura (Fig. 36) is thought to be generated partly by these strengthened currents 

subsequent to the buildup of the barrier. After the formation of the first small channels , 

currents were probably concentrated to them while the flow velocity decreased outside. 

Bathymetric lows of the volcanic basement were filled with stratified sediments. On profile 

133 (Fig. 37) these sediments tower above the surrounding volcanic basement and their 

top sequence is therefore affected by erosional currents (around CMP 500 and 2500). 

Tills shows that the erosional activity is not a stationary process, new channels are 

formed and the flow velocity in existing channels can change. The emergence of the 

volcanic cones on profile 133 has certainly caused a strengthening of the bottom currents 

and enforced the formation of the southeastern erosional channel on that line. 

The conspicuous channel on line 130 (Fig. 36), where the shield of Gran Canaria 

onlaps the steep flank of the Amanay Bank, is probably also the cause of the erosional 

feature on line 136 (Fig. 38) at CMP 13500, at a similar distance to the flank of the bank. 

The contourites (9.5 to 5.5 Ma) further downslope could represent the paleo-extent of this 

channel. Material eroded by the currents in the channel was subsequently deposited at 

these contourite mounds, whereas the current today has an erosive effect at the crossing 

with line 136. 
The Barranco de Guiniguada, a canyon on northeast Gran Canaria (Fig. 22), extends 

underwater and crosses lines 133 (Fig. 37) and 134 (Fig. 34). In contrast to other onshore 

canyons in the south or the east (e.g. Baranco de Arguineguin, Barranco de Tirajana) , 

the Barranco de Guiniguada did not form a sedimentary apron when entering the sea. 

The bottom current system between Gran Canaria and Fuerteventura has transported the 

material further into the basin north of Gran Canaria. Hence, the present shape of the 

submarine channel probably represents a complex interaction between subaerial erosion of 

the canyon, erosion by the transport of debris down the submarine slope and erosion by 

bottom currents, resulting in a wide and long channel, which has advanced some 40 km 
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into the basin. The cross section of line 133 (Fig. 37) shows that the channel is flanked 

by the submarine extent of the La Isleta peninsula to the west and by the volcanic cones 

to the east. This constriction of the channel may have caused and directed the strong 

bottom currents which prevent sedimentation on line 133 apart from some detritus and 

slide blocks. 
Several authors conclude from the association of submarine canyons with land canyons, 

that the offshore portions were carved as subaerial canyons, and subsequently drowned 

during subsidence. This was suggested for the Hawaiian islands Oahu and Molokai (An

drews and Bainbridge, 1972; Coulbourn et al., 1974; Moore et al., 19 9), and most recently 

for Tenerife (Watts and Masson, 1995). 

In the case of Gran Canaria several land canyons can be correlated with submarine ex

tensions (see Fig. 22), e.g . the Barranco de Moja, Azuaje, and Guiniguada in the northern 

half of Gran Canaria, but their submarine parts have probably not been carved subaeri

ally. The Barrancos de Moya and Azuaje can easily be traced on the volcanic flank down 

to a depth of 1300 m. This would suggest a relative rise of the sea level of the same order 

which cannot be explained with eustatic changes of the sea level, but would require a cor

responding subsidence of the island itself. The sedimentary basin north of Gran Canaria 

shows only evidence for major subsidence at ea. 13.5 to 14 Ma (associated with reflector 

M, see description of seismic line 203 and Fig. 46). This would yield an age of more than 

13.5 Ma for the canyons. This is certainly wrong since the amphitheatre in which they 

are carved was generated by a slide some 12 Ma ago, as discussed above. In consequence, 

the submarine canyons were most probably eroded by the transport of mass flows down 

the submarine slopes, in some cases partly supported by bottom currents (Barranco de 

Guiniguada). 
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6 Conclusions 

Reflection seismic profiting, bathymetric mapping, and drilling results of ODP Leg 157 

allowed a detailed analysis of the structure of the apron north of Gran Canaria. Not 

all features could be precisely dated since the correlation of reflectors was difficult or 

impossible proximal to the islands, and below the maximum penetration depth of ODP 

Site 953 no reliable stratigraphy is available. The temporal development and fill of the 

apron can be summarized as follows: 

• Prior to the Canary volcanism, hemipelagic and terrigeneous sediments were de

posited on the Jurassic oceanic crust close to the West African continental margin. 

• The volcanic flank of the central edifice of Fuerteventura was not covered by the 

seismic net, but a debris flow at a depth of about 5.2 km is thought to be derived 

from there, advancing more than 100 km to the west. The change of the <lip of 

the reflectors above and below the debris flow suggests deposition during the crusta! 

deformation due to the volcanic load of Fuerteventura, which is estimated to have 

taken place some time after the beginning of the subaerial volcanism, i.e. ea. 20-

19 Ma, or with the formation of the basal complex in the Otigocene. With the 

build-up of the East Canary ridge the region to the west was more or less shielded 

from sediment supply from Africa. 

• The southern edifice of Fuerteventura emerged later than the central one. The 

present Amanay Bank is an eroded part of the southern shield of Fuerteventura and 

its flank extends ea. 50 km from the plateau into the apron down to a depth of 

ea. 4750 m. 

• A thick hyaloclastite unit onlaps the feather edge of the flank of the Amanay Bank. 

The emplacement of the hyaloclastite debris flows and turbidites was somewhere 

between 15.8 and 17.4 Ma and they were probably formed by shallow submarine 

eruptions of basaltic magma (Schmincke, Weaver, Firth et al., 1995). The mapping 

of the thickness of the unit results in a total volume of more than 90 km3 and 

suggests a source on the southern edifice of Fuerteventura even though Schmincke 

(personal communication) expects from the petrographic-geologic succession at Site 

953 an origin on Gran Canaria. The maximum thickness is about 200 m. 

• Subsequent to the hyaloclastites, the volcanic shield of Gran Canaria was formed 

(ea. 15- 16 Ma). To the east the shield was ponded against the preexisting flank of 

Fuerteventura forming a presently 1550 m deep topographic barrier with a reduc

tion of the cross-section, resulting in strong bottom currents with the formation of 

erosional channels. To the north the flank extends ea. 60 km seaward. Its depth at 

the outer rim is between 4500 and 4600 m. 

• The subsequent sedimentation is characterized by intercalation of volcaniclastic in

terbeds into the hemipelagic background scdiments. Most of the volcaniclastic mate-
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rial came from Gran Canaria in the form of mass flows or ash layers. The transition 

from the slope to the basin facies occurs ea. 30-40 km off the present coast of Gran 

Canaria. The Galdar Ridge has deflected volcaniclastic material from Gran Canaria 

to the northeastern part of the apron (low reflectivity in the western region), with 

the exception of the Roque Nublo deposits. 

• Reflector band M (ea. 13. Ma) represents an unconformi ty, dipping towards Gran 

Canaria, with almost horizontal layering of the overlying sediments. This unconfor

mity is interpreted to have been caused by the lithospheric flexure due to the load 

of Gran Canaria. 

• Domal uplifts (salt or mud diapirism) were initiated in the northeastern area at 

the time of the unconformity represented by reflector M (ea. 13.8 Ma). Uplifting 

continued until 3- 2 Ma. 

• At about 12 Ma the northern flank of Gran Canaria coUapsed and more than 60 km3 

(possibly more than 100 km3 ) of volcaniclastic material formed basaltic deb ris flows, 

advancing more than 70 km northward into the apron where they are up to 80 m 

thick . 

• The shield of the Anaga massif on northeast Tenerife was rapidly formed at ea. 6 M a 

and onJaps onto the older flank of Gran Canaria in the east. The depth of the Anaga 

shield is 4000 m and it extends some 50 km to the northeast, covering older sedimcnts 

and masking them seismically. 

• Additional volcaniclastic input into the basin north of Gran Canaria occured with 

the emergence of Tenerife. During the last 1 Ma widespread reflectors from Tenerife 

are visible, reflecting intense volcanic activity on Tenerife during this period. The 

Quaternary activity on northern Gran Canaria is reflected as weU during this period. 

• The Pliocene reflector band RN is the most conspicuous reflector in the northern 

apron. It can be correlated across the entire northern survey area, representing 

probably more than 10 km3 of lapillistones deposited to the north. 

• At the northern part of the barrier between Gran Canaria and Fuerteventura a 

volcanic complex with two volcanic cones is located, which seems to be older than 

5 Ma and has caused a re-orientation of the channel currents. 

• The Quaternary volcanism on La Isleta extends to the northeast, where a submarine 

volcano with several young lava flows has formed. 

The processing and interpretation of t he seismic data in a volcaniclastic apron show a 

number of peculiarities. The principal processing problem are the steep island flanks with 

their rough morphology, resulting in a number of side echos (d iffractions) w hi eh cannot be 

treated by means of a 20-migration. Additionally, one has to take care of spatial aliasing 



125 

which occurred despite a trace spacing of only 3.125 m. For a successful migration remov

ing this aliased energy is essential. Furthermore one has to apply a migration algorithm 

which is effective for steeply dipping events without introducing much dispersive noise. 

The interpretation of the seismic data in terms of the classical sequence st ratigraphy 

was ham pered due to the large amount of reflection terminations which are not systematic 

and not confined to specific horiwns. As the volcaniclastic inter beds represent the majori ty 

of the observed reflectors, additional problems occur when they thin out, e.g. related to 

the observed westward decrease of reflectivity in the apron . 

T he thickness of the volcaniclastic interbeds in the apron is generally less than half 

of the seismic wavelength, and , therefore, below the vertical resolution where the top 

and base reflector can be disti nguished. This prevents a seismic determination of their 

thickness and requires special care when computing synthetic seismograms. A filtering 

of the logs can, for instance, easily destroy the characteristics of thin interbeds, whereas 

omission of filtering can introduce erroneous values. 

The alternating hemipelagic layers and volcaniclastic deposits produce sufficient 

impedance contrasts to generate reflections. Their narrow spacing in conjunction with 

t he drilling allows a high temporal resolution of the apron. On the other hand, one has to 

take care in assigning all stratified reflectors to a change from hemipelagic to volcaniclas

tic deposits. The up to 200 m thick hyaloclastite unit is, for example, free from pelagic 

material, but the internal composition of inclividual debris flows and t he transition from 

breccia to tuff produce similar re flect ion patterns such as pelagic intercalations. Another 

point to pay attention to are volcaniclastic layers whose top and bottom can be resolved 

by two individual reflectors. Since the majority of volcaniclastic interbeds can only be 

seen as a single reflection, the top and bottom reflector could be interpreted at first glance 

as two different volcaniclastic interbeds. Sometimes impeda nce contrasts are quite low, 

making the interpretation more difficult. An example for t his is basaltic debris deposited 

on basaltic island flanks. 

The seismic investigation of the apron, in conjunction with t he addit ional bathymetric 

and drilling data, was an effective method to reconstruct the volcanic islands' development 

by its deposits found in the apron, as well as enabling the geometry of the la rge su bmarine 

por t ions of the volcanic shield to be determined precisely. Slides and debris flows were 

detected scismically, whereas a study based only on bathymetry, as applied by Moore et 

al. ( 19 9) at the Hawaiian Islands, would fail for the Canaries since the high sedimentation 

rates cover t hese features in a much shorter t ime period. Furthermore, the nonvolcanic 

background sediments represent an ideal contrast medium fo r seismic detection of thi n vol

caniclastic layers. A seismic investigation in aprons hence benefits from high background 

sedimentation rates and is therefore more useful in a case such as the Canary Islands t han 

as Hawaii. 
For further investigations in the apron north of Gran 'anaria one should decrease 

the spacing of the seismic profiles in ord<.>r to get a better spatial resolution. Further

more, an extension of the lines to the north and the east would be desirable, allowing a 
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better assessment of the extent of the volcaniclastic deposits to the north. Particularly, 

the geometry of the large debris flow from the northern flank of Gran Canaria could be 

determined more precisely. The eastern extent would allow a better control of the input 

from Fuerteventura. Gaps in the coverage with bathymetric data exists above all in the 

proximal areas of Gran Canaria, namely the shelf. These gaps shou ld be filled because 

they present the link between the subaerial and submarine canyons, and possibly slide 

scars in the flanks could be detected easier. A more complete coverage in the channel 

between Gran Canaria and Fuerteventura would allow a more detailed mapping of the 

current system there. The measurement of flow velocities, especiaUy in the recognized 

erosional channels, would also be of some interest. 
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pro e o. 
beginning 
end 
length 
course 
wind 

101 
15.89182°W, 28.65480°N (CMP 34) 
I6.06783°W, 28.59983°N (CMP 3653) 
18.26 km 
250° 

APPENDIX 

shot rate CMP 34 ·3653: 10 s (J fold) 
--------------~--------------------------------~--~~ processmg sequence: 

reverse polarity 
CMP sorting 
N M 0 correction 

offset-dependant scaling 
stack 
resampling 
scaling 
migration 

band-pass filter 

tracemix 
scaling 

pro e o. 
beginning 
end 
length 
course 
wind 
shot rate 

processmg sequence: 
reverse polarity 
CMP sorting 
NMO correction 

offset-dependant scaling 
stack 
resampling 
scaling 
migration 

band-pass filter 

traccmix 
scaling 

SEG normal polarity 

water: VNMO =1500 m/s 
0-400 ms below seafloor VNM O =1600 m/s 
end of data VNMO =2500 m/s 
time invanant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
AGC windowlength 200 ms 
finite-difference migration in the fx-domain 
water: VINT =1450 m/s 
sediments: VINT =1700-2000 m/s 
below flank: VINT =2500 m/s 
seafloor: 30-210 Hz 
end of data: 30-160 llz 
5 traces (weight 1 2 4 2 1) 
AGC windowlength : 50 ms at seafloor 

200 ms at end of data 

102 
16.06583° W, 28.59850°N {CMP 34) 
15.81162°W, 28.26500°N (CMP 16903) 
44 .57 km 
146° 

CMP 34-2447: 5 s 
CMP 2448-4297: 7.5 s 
CMP 4298 15127: 10 s 
CMP 15128 16903: 7.5 s 

SEG normal polarity 

water: VNMO =1500 m/s 
0-400 ms below seafloor VNMO = 1600 m/s 
end of data VNM O =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
AGC windowlength 200 ms 
finite-difference migration in the fx-domain 
VRMS =1500 tn/S 

t.eafloor: 30-235 llz 
400 ms below seafloor: 30-160 IIz 
end of data: 30-160 liz 
5 traces (weight J 2 4 2 1) 
AGC windowlcngth: 50 ms at scafloor 

200 ms a t end of data 

(6 fold) 
( 4 fold) 
(3 fold) 
(4 fold) 



Processing sequences 

profile No. 
beginning 
end 
length 
course 
wind 
shot rate 

processing sequence: 
reverse polarity 
CMP sorting 
N M 0 correction 

offset-dependant scaling 
stack 
resampling 
scaling 
migration 

band-pass filter 

tracemix 
scaling 

profile No. 
beginning 
end 
length 
course 
wind 
shot rate 

processing sequence: 
reverse polarity 
CMP sorting 
NMO correction 

offset-dependant scaling 
stack 
resampling 
predictive deconvolution 
scaling 
migration 

band-pass filter 

tracemix 
scaling 

110 
15.71717°W, 28.39950°N (CMP 34) 
15.80867°W, 28.199WN (CMP 7309) 
23.95 km 
202° 
NE 5- 11 m/s 
C MP 34 -4287: 
CMP 4288- 6793: 
CMP 6794- 7309: 

SEG normal polarity 

10 s 
7.5 s 
5 s 

water: VNMO =1500 m/s 
0--400 ms below seaftoor VNMO =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
AGC windowlength 200 ms 
finite-difference migration in the fx-domain 
VRMS =1475 m/s 
seafloor: 30-220 Hz 
500 ms below seafloor: 30-200 llz 
800 ms below seafloor: 30-160 Hz 
end of data: 20-160 Hz 
5 traces (weight 1 2 4 2 1) 
AGC windowlength: 50 ms at seafloor 

200 ms at end of data 

130 
15.25250°W, 27.82383°N (CMP 34) 
14.54133°W, 28.39317°N (CMP 29841) 
94.15 km 
048° 
N 9- 13 m/s 
CMP 34- 5059: 
CMP 5060- 18335: 
CMP 18336-25305: 
CMP 25306- 29841 : 

SEG normal polarity 

5 s 
7.5 s 
5 s 
7.5 s 

water: VNM O =1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNM O =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
CMP 18400-25280, operator length: 256 ms 
AGC windowlength 200 ms 
finite-difference migration in the fx-domain 
water: VINT = 1450 m/s 
sediments: VINT =1500 m/s 
below flank: VINT =1550 m/s 
seafloor: 30-235 Hz 
300 ms below seaftoor : 30-160 Hz 
end of data: 30-160 Hz 
5 traces (weight 1 2 4 2 1) 
AGC windowlengtb: 50 ms at seafloor 

200 ms at end of data 

(3 fold) 
(4 fold) 
(6 fold) 

(6 fold) 
( 4 fold) 
(6 fold) 
( 4 fold ) 

137 



13 

pro e o. 
beginning 
e nd 
length 
course 
wind 
shot rate 

processmg sequence: 
reverse polarity 
C MP sorting 
N M 0 correction 

offset-dependant scaling 
stack 
reJ>ampling 
fk- filter 
scaling 
migration 

band-pass filter 

tracemix 
scaling 

pro e o . 
beginning 
end 
length 
course 
wind 
shot rate 

processing sequence: 
reverse polarity 
C MP sorting 
N M 0 correction 

offset-dependant scaling 
s tack 
resampling 
fk-filter 
caling 

mig ration 

band-pass filter 

scaling 

compo cd data stack 

133 
15.01627°W, 28.03733°N (CMP 34) 
15.40850° \V, 28.21850°N (CMP 13767) 
43.77 km 
298° 
N 7- 11 m/s 
CMP 34 12451: 7.5 s 
CMP 12452 13767: 5 s 

SEG normal polarity 

water: VN M O = 1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNM O =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
dip -2 to 2 m /trace 
AGC windowlength 200 ms 
finite-difference migration in the tx-domain 
water: VJNT =1450 m/s 
sediments: VJNT =2000 m/s 
below flank: VJNT =2500 m/s 
above 2.5 s TWT: 30-235 Hz 
below 3.2 s TWT: 30-200 Hz 
5 traces (weight 1 2 4 2 1) 
AGC windowlength : 50 ms at seafloor 

200 ms at end of data 

134 
15.38483°\V, 28.22117°N (CMP 34) 
15.07300° W, 28.76500°N (CMP 22379) 
67.57 km 
028° 
NfNW 5-9 m/s 
CMP 34- 731: 
CMP 732- 951: 
CMP 952- 1337: 
CMP 1338-3931: 
C MP 3932- 22379: 

SEG normal polarity 

5 s 
7.5 s 
5 s 
7.5 s 
10 s 

water: VNMO =1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
dip -3 to 3 ms/trace 
AGC windowlength 200 ms 
finite-difference migration in the fx-domain 
wate r: VJNT = 1450 m/s 
sediments: VJNT = 1900 m/s 
below flank: YtNT =2100 m/s 
seafloor: 30-230 Hz 
200 ms below seafloor: 30-230 Hz 
400 ms below seafloor: 20-160 Hz 
end of data: 20-160 Ilz 
AGC windowlcngth: 50 ms at seafloor 

200 ms at end of data 
s tack of 16 adjacent traces in Fig. 34 

APPENDIX 

( 4 fold) 
6 fold } 

(6 fold) 
( 4 fold ) 
(6 fold) 
( 4 fold) 
(3 fold) 

- Ill" 



Processing sequences 

profile No. 
beginning 
end 
le ngth 
course 
wind 
shot rate 

processmg sequence: 
reverse polarity 
CM P sorting 
NMO correction 

offset-dependant scaling 
stack 
band-pass filter 
composed data stack 
resampling 
scaling 
migration 

band-pass filter 
tracemix 
scaling 

profile No. 
beginning 
end 
length 
course 
wind 
shot rate 

processing sequence: 
reverse polarity 
C MP sorting 
NMO correction 

offset-dependant scaling 
stack 
resampling 
predictive deconvolution 
scaling 
migration 

band-pass filter 

tra.cemix 
scaling 

135 
15.09233°W, 28.76183°N (CMP 34) 
14.78133°W, 28.28550°N (CMP 18537) 
60.94 km 
150° 
NW 5- 6 m/s 
CMP 34- 14527: 
CMP 14528- 16661: 
CMP 16662- 18537: 

SEG normal polarity 

10 s 
7.5 s 
5 s 

water: VNMO =1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
20-240 Hz 
stack of 2 adjacent traces 
sampling rate 2 ms 
AGC windowlength 200 ms 
finite-difference migration in the tx-domain 
water: VJNT =1450 m/s 
sediments: VJNT = 1900 m/s 
below flank: VJNT =2100 m/s 
40-240 Hz 
3 traces (weight 1 2 1) 
AGC windowlength: 50 ms at seafloor 

200 ms at end of data 

136 
14.69367°W, 28.17267°N (CMP 34) 
15.32483°W, 28.59583° N (CMP 25477) 
77.63 km 
307° 
N 9- 13 m/s 
CMP 34-7427: 
CMP 7428- 10597: 
C MP 10598-25477: 

SEG normal polarity 

5 s 
7.5 s 
10 s 

water: VNM O =1500 m/s 
0-400 ms below seafloor VNM O =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
CMP 31- 7000, o perator length: 118 ms 
AGC windowlength 200 ms 
finite-difference migration in the fx-domain 
water : VJNT =1450 m/s 
sediments: VJNT =1500- 1650 m /s 
below flank: VJNT =1800 mfs 
seafloor: 30-235 Hz 
200 ms below seafloor: 30-235 Hz 
800 ms below seafloor: 30-160 Hz 
end of data: 30-160 Hz 
5 traces (weight 1 2 4 2 1} 
AGC windowlength: 50 ms at seafloor 

200 ms at end of data 

(3 fold) 
(1 fold) 
(6 fold) 

(6 fold) 
( 4 fold) 
(3 fold) 

139 
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profile No. 
beginning 
end 
length 
course 
wind 
shot rate 

processing sequence: 
reverse polarity 
CMP sorting 
N M 0 correction 

offset-dependant scaling 
stack 
re ampling 
predictive deconvolution 
fk-filter 
scaling 
migration 

band-pass filter 

scaling 

composed data stack 

profile No. 
beginning 
end 
length 
course 
wind 
shot rate 
processmg sequence: 
reverse polarity 
CMP sorting 
NMO correction 

offset-dependant scaling 
stack 
resampling 
composed data stack 
scaling 
migration 

band-pass filter 

scaling 

201 
15.19950°W, 28.18017°N (CMP 34) 
15.i4483°W, 28.50750°N (CMP 16081) 
64.62 km 
315° 
NE 6-11 m/s 
CMP 34 3043: 
CMP 3044 10329: 
CMP 10330 16081: 

SEC normal polarity 

5 s 
7.5 s 
10 s 

water: VNMO =1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate l ms 
CMP 34-2850, operator length: 32 ms 
dip -3 to 3 ms/trace 
ACC windowlength 200 ms 
finite-difference migration in the fx-domain 
water: VJNT =1450 m/s 
sediments: vrNT =1700 m/s 
below flank: VJNT =1900 m/s 
seafloor: 30-235 lfz 
500 ms below seafloor: 30-200 Hz 
end of data: 30-160 Hz 
ACC windowlength: 50 ms at scafloor 

200 ms at end of data 
stack of 16 adjacent traces in Fig. 41 

202 
15.74550°W, 28.46467°N (CMP 34) 
14 .90150°W, 29.02067°N (CMP 33041) 
102.93 km 
053° 
NNE/NNW 3 8 m/s 
CMP34-3304 1: lO s 

SEC normal polarity 

water: VNMO =1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
stack of 4 adjacent traces 
ACC windowlength 200 m 
finite-difference migration in the tx-domain 
watN: VJNT =1450 m/~> 
scafloor-5350 ms TWT: VJNT =1550 m/s 
5350 6200 ms TWT: VJNT =1650 m/s 
below 6200 ms: VJNT =1750 m/s 
seafloor: 30-235 Hz 
5.4 s TWT: 30-235 Hz 
5.7 s TWT: 20-160 llz 
end of data: 20-160 Hz 
ACC windowlength: 50 ms at seafloor 

200 ms at end of data 

APPENDIX 

(6 fold) 
(4 fold) 
(1 fold) 

(3 fold) 



Processing sequences 

profile No. 
beginning 
end 
length 
course 
wind 
shot rate 
processing sequence: 
reverse polarity 
CMP sorting 
NMO correction 

offset-dependant scaling 
stack 
resampling 
composed data stack 
band-pass filter 
scaling 
migration 

band-pass filter 
scaling 

profile No. 
beginning 
end 
length 
course 
wind 
shot rate 
process1ng sequence: 
reverse polarity 
CMP sorting 
N M 0 correction 

offset-dependant scaling 
s tack 
resampling 
band-pass filter 

coherency filter 

migration 

scaling 

203 
14 .91917°\V, 29.02617°N (CMP 34) 
15.10ll7°W, 28.72033°N (CMP 12385) 
38.27 km 
208° 
N 3-6 m/s 
CMP 34 12385: 10 s 

SEC normal polarity 

water: VNM O =1500 m/s 
0-400 ms below seafloor VNM O =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
stack of 4 adjacent traces 
30-230 Hz 
ACC windowlength 200 ms 
finite-difference migration in the tx-domain 
water: VJNT =1450 m/s 
seafloor-5200 ms TWT: VJNT =1550 m/s 
5200-6000 ms TWT: VJNT =1650 m/s 
below 6000 ms: VJNT =1750 m/s 
30-220 Bz 
ACC windowlength: 50 ms at seafloor 

200 ms at end of data 

204 
15.06567°W, 28.27200°N (CMP 34) 
15.19467°W, 28.29133°N (CMP 8363) 
25.43 km 
330° 
NNE 3-5 m/s 
CMP 34-8363: 10 s 

SEC normal polarity 

water: VNM O =1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
seafloor: 
5500 ms TWT: 
7000 ms TWT: 
dip-analysis along 7 traces 

30-160 Hz 
30-160 Hz 
20-70 Hz 

weight filtered : unfiltered data = 7 : 3 
finite-difference migration in the tx-domain 
VJNT = 1500 m/s 
ACC windowlength: 50 ms at seafloor 

200 ms at end of data 

141 

(3 fold) 

(3 fold) 



142 

pro e o. 
beginning 
end 
length 
course 
wind 
shot rate 
processtng sequence: 
reverse polarity 
CMP sorting 
NMO correction 

offset-dependant scaling 
stack 
resampling 
composed data stack 
band-pass filter 
scaling 
migration 

band-pass filter 

tracemix 
scaling 

pro e o. 
beginning 
end 
length 
course 
wind 
shot rate 
processing sequence: 
reverse polarity 
CMP sorting 
NMO correction 

offset-dependant scaling 
stack 
resampling 
band-pass filter 
scaling 
migration 

band-pass filter 

lracemix 
scaling 

205 
15.14067°W, 28.90333° N (CMP 34) 
15.87800°W, 28.65933°N (CMP 25441) 
76.91 km 
2·!9° 
NNE/NNW 3- 6 m/ 
CMP 34- 25441: 10 s 

SEC normal polarity 

water: VNMO =1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
stack of 4 adjacent traces 
20-235 Hz 
ACC windowlength 200 ms 
finite-difference migration in the tx-domain 
water: VJNT =1450 m/s 
seafloor- 5500 ms TWT: VJNT =2000 m/s 
below 5500 ms TWT: VJNT =2500 m/s 
seafloor: 30-235 Hz 
5.0 s TWT: 30-235 Rz 
6.5 s TWT: 30-160 Hz 
3 traces (weight I 2 J) 
ACC windowlength: 50 ms at seafloor 

200 ms at end of data 

206 
!5.87750°W, 28.64083° N (CMP 34) 
!5.71733°W, 28.48333°N (CMP 7729) 
23.46 km 
138° 
NW 4-6 m/s 
CMP 34-7729: 10 s 

SEC normal polarity 

water: VNMO =1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNMO =2500 m/s 
lime invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
20-235 Hz 
ACC windowlength 200 ms 
finite-difference migration in the tx-domain 
VJNT =1500 m/s 
seafloor: 30-235 Jlz 
below 5.15 s TWT: 20-160 liz 
5 traces (weight 12 4 2 1) 
AGC windowlength: 50 ms at seafloor 

200 ms at end of data 

APPENDIX 

(3 fold) 

(3 fold) 



Processing sequences 

profile No. 
beginning 
e nd 
length 
course 
wind 
shot rate 

processmg sequence: 
reverse polarity 
CMP sorting 
NMO correction 

offset-dependant scaling 
stack 
resampling 
band-pass filter 
composed data s tack 
scaling 
migration 

band-pass filter 

tracemix 
scaling 

profile No. 
beginning 
end 
length 
course 
wind 
shot rate 

processing sequence: 
reverse polarity 
CMP sorting 
N M 0 correction 

offset-dependant scaling 
stack 
resampling 
scaling 
migration 

band-pass filter 

tracemix 
scabng 

207 
15.ii533°W, 28.47767°N (CMP 34) 
15.62833°\V, 28.26767° (CMP 7681) 
24.79 km 
168° 
NNW 5 m/s 
CMP 34- 6175: 10 s 
CMP 6176-7681: 7.5 s 

SEC normal polarity 

water: VNM O = 1500 m/s 
0-400 ms below seafloor VNM O =1 600 m/s 
end of data VNM O =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
20-235 Hz 
stack of 2 adjacent traces 
ACC windowlength 200 ms 
finite-difference migration in the tx-doma.in 
water: VINT =1450 mfs 
sediments: VINT =2000 m/s 
below flank: VINT =2500 m/s 
seafloor: 30-235 Hz 
0.4 s below seafioor: 30-235 Hz 
0.9 s below seafloor: 30-160 Hz 
end of data: 30-160 Hz 
3 traces (weight 1 2 1) 
ACC windowlength: 50 ms at seafloor 

200 ms at end of data 

208 
15.70500°W, 28.23950°N (CMP 34) 
15.85600° W, 28.29667°N (CMP 5271) 
16.10 km 
294° 
N/NE 3- 7 m/s 
CMP 34 3191: 7.5 s 
CMP 3192-5271 : 10 s 

SEC normal polarity 

water: VNM O =1500 m/s 
0-400 ms below seafloor VNMO =1600 m/s 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 ms 
ACC windowlength 200 ms 
finite-di fference migration in the fx-doma.in 
YINT =1475 m/s 
seafloor: 30-230 Hz 
0.2 s below seafloor: 30-230 llz 
0.5 s below seafloor: 20-160 llz 
end of data: 20-160 Hz 
5 traces (weight I 2 4 2 I) 
ACC windowlength: 50 ms at seafioor 

200 ms at end of data 

(.3 fold) 
( I fold) 

{4 fold) 
(3 fold) 

143 



144 

pro e o. 
beginning 
end 
length 
course 
wind 
shot rate 
processmg sequence: 
reverse polarity 
CMP sorting 
NMO correction 

offset-dependant scaling 
stack 
resampling 
scaling 
migration 

band-pass filter 

traccmix 
scaling 

pro e o. 
beginning 
end 
length 
course 
wind 
shot rate 

processrng sequence: 
reverse polarity 
CMP sorting 
NMO correction 

offset-dependant scaling 
s tack 
res am pling 
scaling 
migration 

band-pass filter 

scaling 

composed data stack 

210 
J5.62050°W, 28.47450° N (CMP 34) 
15.30133°W, 28.33450°N (CMP 12009) 
34.91 km 
117° 
NW fNNW 6-9 m/s 
CMP 34-12009: 10 s 

SEG normal polarity 

water: VNMO =1500 mfs 
0-400 ms below seafloor VNMO =1600 mfs 
end of data VNMO =2500 m/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
ampling rate 2 ms 

AGC windowlength 200 ms 
finite-difference migration in the fx-domain 
water: VJNT =1450 rn/s 
sediments: VINT =1520 1600 m/s 
below flank: VJNT =1650 mfs 
eafloor: 30-235 Hz 

end of data: 20-160 Hz 
5 traces (weight 1 2 4 2 I) 
AGC windowlength : 50 ms at seafloor 

200 ms at end of data 

APPENDIX 

(3 fold) 

_____ ....... 
301 
15.55881°W, 28.19983°N (CMP 34) 
15.55817°W, 28.77500°N (CMP 19743) 
63.75 km 
360° 
N 3 6 mfs 
CMP 34-6335: 
CMP 6336-19743: 

SEG normal polarity 

7.5 s 
10 s 

water: VNMO =1500 m/s 
0-400 ms below seafloor VNM O =1600 mfs 
end of data VNMO =2500 rn/s 
time invariant equalizing of the 24 channels 
fold is given with the shot rate 
sampling rate 2 rns 
AGC windowlength 200 ms 
finite-difference migration in the fx-domain 
water: VJNT =1450 m/s 
sedimcnls: VJNT =1700 1900 rn /s 
below flank: VJNT =2200 m/s 
seafloor: 30-230 ll z 
0.2 s below seafloor: 30-230 Hz 
0.4 s below seafloor: 20-160 Hz 
end of data: 20-160 Hz 
AGC windowlength: 50 ms at seafloor 

200 ms at end of data 
slack of 16 adjacent traces in Fig. 39 

( 4 fold) 
(3 fold) 

.... 
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