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PREFACE

When asked by the General Editor to prepare a book-length treatment
concerning the nature of the Ganary Islands, our aims were rather
ambitious. A general monograph was to be written, embracing all the
disciplines of natural history applicable to these islands, and over twenty
scientists were approached for contributions. However scientists are ‘time
machines’; our proposed list of contents has changed a good many times.
Cooporation of other authors was gained and, finally, a fairly rounded
project appeared revealing different and lesser known aspects of Canary
Island Nature.

Since Centuries the Ganary Islands have attracted the attention of
travellers. Earliest reports may be traced back some two thousand years
but real scientific investigation began about 1800, the time of Alexander
von Humboldt and his visit to the islands; older reports are scarce,
sometimes rather confusing because of geographic inaccuracies. But the
19th Century will remain as the century of fundamental explorations,
connected with names such as Leopold von Buch, F. C. MacGregor,
Sabin Berthelot, Philip Barker Webb, J. Viera y Clavijo, F. von Fritsch,
C. Bolle, D. H. Christ, O. Simony, G. Hartung, H. Mayer etc., all
familiar and intimately connected with our knowledge of the natural
history of the archipelago. Even the much criticised Ernst Haeckel has
provided us with lively descriptions of his visit to one of the ‘Fortunate
Islands’.

The 20th Century brought new interest, new fields to be explored,
and new expeditions to the islands. Hundreds of books and papers
appeared, especially in Central and Northern Europe, dealing with
plant life and birds, vulcanism, history, insects, reptiles, winds, adventures
and soforth of the Canaries. The Jet-age, with modern tourism and
related facilities has followed, opening the islands to short-term visitors
and causing a flood of new investigation, with their respective publica-
tions. Almost every aspect of science has been scrutinized and many new
data have come to light. I may state that during the last 25 years more
has been published about these islands than during the time between
Von Humboldt’s visit (in 1799) and 1950.

Talking about plants for example (being a botanist myself), a good
many of our endemic species were already known to Linnaeus, who gave
them their (partly still valid) specific name and provided foundations
for future research. The Canary Islands house about 1.750 different
species of vascular plants (adventitious species and occasional garden

XV



escapes included), of which over 550 taxa are recognized as Canarian
endemics, and almost a hundred of these were only discovered during
the last 25 years. Another, equally interesting field — entomology —
shows similar or even more exciting figures, and entomological investiga-
tions might be considered to have a promising future ahead. New roads
now give access to little known localities, new researchers have found new
methods of investigation, and new schools of thought cause profound
changes in established scientific view-points. — The Canary Islands are
well explored now; however, they are still not exhausted . . .

Although our book cover only part of the vast natural mosaic of these
islands, we hope it may help to fill some of those, before-mentioned gaps.
And with this I wish to thank my colleagues and contributors for their
efforts which have made this volume possible. My wife Mary Anne has
given much help with proof-reading and in the preparation of the register,
and many corrections are due to her revisions. I express my thanks to
Prof. J. Illies, for his valuable suggestions, and we all may express our
gratitude to Dr. W. Junk, Publishers, for showing so much interest in a
book concerning the nature of our islands. Finally, I would like to add
that English is not the mother tongue for most of us authors; however in
order to comply with the Publisher’s request we have tried our best and
we hope to be forgiven for any linguistic peculiarities.

G. Kunkel

XVI



I. INTRODUCTION

by
GUNTHER KUNKEL

Generalities

The archipelago of the Canary Islands (Span.: Islas Canarias), situated
in the Mid-Atlantic west of Southern Morocco, extends over more than
500 km between 27° 37" and 29° 23’ N, and 13° 20" and 18° 16" W. The
archipelago consists of seven larger and four smaller islands as well as
some inaccessible rocks. According to most cited sources the total area of
the islands amounts to some 7.273 square kilometers (2.807 square miles)
and the islands are inhabited by approximately 1.3 Million people the
majority being of Spanish nationality.

CANARY ARCHIPELAGO
7 Alegrangg
0 50 100 , 7 MC@aR % oraciosa
km. Y,
La Palma 4 Lanzarote
/
/ yLobos
/
Tenerife Vi
/ Fuerteventura
/
La Gomera /
Ve
O / Gran Canaria
o /
Hierro ; J
@ PROVINCE OF PROVINCE OF N
Sta.CRUZ de TENERIFE LAS PALMAS ;«

Geographically the archipelago may be considered as an island appen-
dix to the African continent. But politically (since the XV Century) the
Canaries belong to Spain and form two provinces: Las Palmas (Gran
Canaria, Fuerteventura, Lanzarote and the so-called Islas Menores),
and Santa Cruz de Tenerife (Tenerife, La Palma, La Gomera and El
Hierro).

Provincial capitals are Las Palmas de Gran Canaria and Santa Cruz
de Tenerife, respectively, modern cities each with a large population and

1



Fig. 1. A mountain road as typical for steeper countrysides passing through planted
Canary pines.



all facilities required by both residents and the many visitors. Both main
islands (Gran Canaria and Tenerife) have large and busy harbours, and
modern airports are situated on all larger islands, except La Gomera.
There is a University in Tenerife (La Laguna), and a second, apparently,
will be created in Gran Canaria.

The landscapes of the Canary Islands are very varied and it would be
impossible to describe a ‘typical Canary countryside’ as each island is
quite different in character and topography. However it is possible to
generalize by saying they are all mountainous, and characterized by old
or subrecent volcanic activity. Deep ravines, cliffs and precipices are
common features on the Canary Islands and roads must perforce follow
most tortuous routes.

Maximum altitude is reached on Tenerife, with the Pico del Teide
= 3.718 m.; this dormant volcano is not only the highest mountain of the
Canary Islands but also the highest elevation of Spain. The other islands,
according to T. Bravo (1954) reach

2.413 m — La Palma (Roque de los Muchachos),
1.950 m — Gran Canaria (Pozo de las Nieves),
1.501 m — El Hierro (Malpaso),
1.484 m — La Gomera (Garajonay),
807 m — Fuerteventura (Pico de la Zarza), and
671 m — Lanzarote (Pefias del Chache).
The four smaller islands (‘Islas Menores’) in no part exceed 290 m in
altitude:
289 m — Alegranza (La Caldera),
266 m — La Graciosa (Pedro Barba),
256 m — Montafia Clara (Montafia Clara), and
122 m — Lobos (La Caldera).

Of these smaller islands only La Graciosa is permanently inhabited in

the true sense.

The Islands

Each island forming the Canary archipelago is, at is were, a little world
of its own. Even at first sight one individual island appears different from
its neighbours. More than this, only a matter of a few kilometers may
separate one particular landscape from another extremely different one,
and this may happen on one same island. The island of Gran Canaria
could be considered as a case-study:

Sand dunes of a truly Saharan aspect lie to the south, monotonous
windswept plains slope gently to the east, vast banana plantations and
other tropical crops occupy well irrigated land in the north and south-
west, whereas to the west sheer cliffs fall abruptly to the sea. Higher arid
zones in the south support a xerophytic vegetation of spiny or succulent
plants, and palms and tamarisk often form green oases in valleys. Agri-

3



Fig. 2. The sand dunes of Maspalomas, in southern Gran Canaria. At the left: the edge
of a Tamarisk growth.



Fig. 3. The hinterland of Gran Canaria: open park-type Pine forest re-establishing
itself. The artificial reservoir (centre) forms part of a complex water conservation system.



Fig. 4. Succulents growing on sunbaked slopes: Euphorbia canariensis above San Andrés,
Tenerife.



culture of European style, with potato fields and fruit orchards arc
characteristic for large extensions of land in the midlands of the northern
sector, the zone of the Cloudforest of which only few relicts remain.
Above the 1,000 m line broom and mixed bushland is (or was) typical
for the zone above the forest, and an open type of pineforest extends west-
wards, in places descending to lower altitudes meeting and mingling with
palm trees. No true alpine layer is found in Gran Canaria as, for example,
in Tenerife.

Gran Canaria is roughly circular in outline, with its highest point in
the centre, thus erosion has carved its way out and down towards the
coast, causing the deep gorges and barranco systems. Man’s activities have
also contributed to the shaping of the actual features of Gran Canaria
which, in fact, with approximately 340 inhabitants per square kilometer
is the most densely populated island of the archipelago.

Neighbouring Tenerife, the largest of all islands, appears greener and,
at least in the northern midlands, more ‘European’. Here there is less of
the feeling of Africa as noticed in the eastern islands and in the south of
Gran Canaria. The island is partly wooded, and dominated by the great
cone of the Teide volcano and its surrounding Cafiadas (the name given
to the vast crater of the highland), where strange plant forms composed
of stiff brooms and towering Buglosses contrast with deeply eroded rock-

Fig. 5. Dense laurel forest as still found in parts of the central and western islands; moss-
covered trees in La Gomera.



Fig. 6. Spiny shrubs, dromedaries, and arid, eroded slopes of southern Fuerteventura.



Fig. 7. Halophytic vegetation of La Graciosa; centre: Montana Clara; behind: part of
Alegranza island.



formations and multicoloured ash covered slopes. Tenerife is the biggest
exporter of bananas, tomatoes, cut flowers etc.

Further west are La Palma, La Gomera and El Hierro, three islands
sometimes to be seen from the higher parts of western Tenerife. Of these,
less densely populated than the two central islands, La Palma is the best
known, especially for its great pine woodlands, the very impressive Caldera
de Taburiente, and because of recent volcanic activity in 1972. The island
of La Gomera is famous for its partly well-preserved Tertiary laurel forest
which covers the central highlands, whereas the almost forgotten island
of Hierro is proud of its forest relicts, especially when Juniper stands are
concerned. La Gomera, furthermore, preserves the memory of the
numerous visits of the controversial Columbus, on his voyages of dis-
covery to America.

East of Gran Canaria other extremes are noted. Thinly populated
Fuerteventura (less than 11 inhabitants per square kilometer) could at
the first glance be placed somewhere in arid Northwest Africa from which
(coast to nearest coast) it is separated by a relatively shallow sea a mere
hundred kilometers wide. Only the impressive Jandia Mountains in the
extreme southwest and the much sought-after white sandbeaches are
what might be called permanent natural resources, the rest of this large
island is much eroded and very short in water. Tiny Lobos island,
topographically somewhat similar to Fuerteventura, lies in the strait
between this island and Lanzarote; arid, stoney, windswept and yet
strangely attractive: it is the object of speculation by the ‘developers of
the 1970’s.

Further to the northeast, the island of Lanzarote with part of its
landscapes modified by historically recent volcanic eruptions (1730-1736,
1824); it has become known as the ‘Lunar’ island of the archipelago.
Lava-flows cover over 200 of its 795 square kilometers, and T. Bravo
(1964) has calculated the total volume of lava ash or lapilli (locally
‘picén’) from these eruptions at approximately 5 cubic kilometers. The
central part of the devastated area is known as the Fire Mountains
(Montafia de Fuego, or Timanfaya) where at 50 cm depth ground
temperatures of some 400° C are recorded. However agriculture has
always played an important part in the island’s economy, especially by
the simple expedient making use of the chemical and capillary properties
of the lava ash so abundant in the island.

North again from Lanzarote are situated the small islands of La
Graciosa (27 km?), Montafia Clara (1 km?), Alegranza (12 km?), and
the rocks known as Roque del Este and Roque del Infierno; they are
mountainous, windswept, arid and, except for La Graciosa, without
permanent population. However they are relatively abundant in bird
and marine life and have a surprisingly rich seasonal vegetation.

10



Fig. 8. A Canary village, far off and peaceful before road building connects it with
civilization.
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Facts and Figures

Innumerable books and papers have dealt with the many aspects of the
Canary Islands, their nature, natural history, their people and their
development, and now again some new approaches are presented in this
book. Extensive lists of references and suggestions for further reading are
given in the final part of each individual chapter.

The Canary Islands have been inhabited for some thousands of years,
they are well known, much visited and yet — still — preserve their secrets
such as: What was the origin and language of the inhabitants found by
the first North African and European visitors? What of the origin and
evolution of the flora and fauna? What of geological thesis and anti-
thesis? What of the future economy and prospects for that future? These
are factors which investigators will always have to take into account. —
Some questions are dealt with in this present ‘Biogeography and Ecology
of the Canary Islands’. These, and all others are open to new additions
and new opinions, and new studies maybe — one day — will bring light
into the darkness still surrounding these islands. We have merely made
our contribution.

It is generally accepted that the Canary Islands were known to
Phoenician and North African navigators more than 2,000 years ago.
That the islands had no aboriginal population but that the first recorded
visitors found the islands inhabited by people of unknown origin. That
the flora and fauna of the islands is considered to be very peculiar, with
evolutionary lines still very much active. That volcanism is responsible
for at least the superficial structure of the islands, a dormant status quo,
and that the archipelago is extensively explored (I never said: exploited!),
The islands reach even politically an interesting position.

Concerning the population and density of population of each island
the following data can be given:

Table 1. Population and population density census 1970, after Boletin 16, Centro de
Investigaciones Econdmicas y Sociales, Caja Insular de Ahorros, Las Palmas de Gran
Canaria 1973. Fuerteventura includes Lobos, and Lanzarote the islands of La Graciosa,
Alegranza and Montafia Clara.

La El La Tenerife Gran Fuerte- Lanza-
Palma  Hierro Gomera Canaria ventura rote

Inhabitants 65.291 5.503 19.339  500.381 519.606 18.192 41.912
Density 89,6 19,8 54,7 295,5 339,1 10,5 52,7

As to the size of each individual island as well as the total land area of
the archipelago controversial data show up. Mistakes often appear to

12
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have passed from author to author where no cross checking has correlated
single data with total overall data as given by one same author, in one
single book.

How large are the Canary Islands? I believe we have to rely on official
data, even if here certain doubt is expressed. The differences found
between ‘official’ and ‘unofficial but generally accepted data’ we may
adscribe to a legendary Canary Island known as ‘San Borondén’.
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II. THE PREHISPANIC POPULATION OF THE
CANARY ISLANDS

by
ILSE SCHWIDETZKY

Introduction

The Canary Islands were not unpopulated when in the course of ex-
ploratory ventures more and more Spanish, Portuguese, and Genoan ships
docked there for shorter or longer periods of time. The aboriginals
vigorously counteracted in many locations of the Spanish Conquista,
which had its roots since the end of the 15th Century; but they fought
with stone weapons against the iron weapons of the Conquistadores, and
their resistance could thus be quickly broken. In relatively short time,
the Canarians were hispanisized and christianized and formed together
with the Spanish immigrants a single population. Still their particular
character remained until their new spiritual guides and other interested
Europeans (Torriani 1590, Espinosa 1594, Galindo 1632) collected
information about them and were thus able to transmit much to the
remainder of the world. Through modern excavations, especially in the
1950’s, still much more became known of their material culture, and
some things of their social structures. And finally language- and cultural-
historical studies, especially in the works of Wélfel (1940, 1950, etc.),
concerned themselves with the prehistoric population and studied their
cultural background. The expansive skeletal material from the pre-
Spanish gravesites was researched and the ancient Canarian population
was thus made known from the somatic side as well, whereby quite a
few differentiations, in fact even something of the population dynamics,
can be ascertained. Many single problems, are, to be sure, still open, but
one can nonetheless gather a clearer and more differentiated picture of
the pre-Spanish population of the Canary Islands than of many other
populations which had been run over by the colonial expansion of the
Europeans.

THE ORIGIN OF THE PREHISPANIC POPULATION

Those knowledgeable in ancient Canary sources of material largely
agree that the ancient Canary population stems from northwest Africa,
but was early isolated. The distance between Cape Juby (Rio de Oro)
and the east coast of the Fuerteventura is less than 100 kilometers. The
eastern islands — Fuerteventura and Lanzarote — thus lie almost within
cye-range of the African continent in clear weather, and the inlet lying
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between them is completely quiet in summer. Passat winds and ocean
currents approach the islands in a north-south direction, but the Har-
matan, the feared levant wind which carries the Sahara sands all the way
to the islands, can likely drive fishing boats from the west coast of Africa
off-course to the islands; in the fall, when cold air fronts form in the
central Sahara, the westwinds deviate the passats and in winter drive the
surface currents of the sea towards the islands from the northwest
(Bravo 1954). With such natural phenomena it is not particularly
difficult, even with primitive nautical techniques, to reach the islands
from northwest Africa. As opposed to this, to return from the islands is
incomparably more difficult.

Proof of northwest African relationships to the ancient Canary pop-
ulation comes from various sides. If one begins with the unfortunately
very scanty remains of the ancient Ganary language, the relationship to
northwest Africa and the proximity to the Berber is clear. Surely the
relationship between both languages is not uniform: ‘We have words
which are semantically in such close agreement, with nearly complete
sound uniformity, that we have to conclude the closest relationship; we
have others, which ethymologically cannot be viewed as Berberic and
texts as well, which do not correspond to mere Berberic accidence and
syntax’ (Wélfel 1955, p. 20). This relationship can be assumed in several
ways. Wolfel finds it most probable that the ‘Canary (language), exactly
as the Egyptian, compares to the Berberic as a closely-related, as a
lybic language.’

Vastly more abundant are the remains of the material culture: stone
tools, obsidian knives (Tabonas), mills, clay vessels of various forms and
sizes, with and without embellishment; leather work, under which
particularly artistically sewn mummy covers protrude; woven mats;
wooden objects such as shepherds’ canes, tuft ladles, biers, and chieftians’
staffs; bone needles, jewelry, in particular the Terracotta pearls, strung
on leather strings (Cuscoy 1954, 1958); and clay seals (Pintaderas) from
Gran Canaria, which are still in use in Berberic North Africa, namely for
the closing of single chambers in the fortified communal stonerooms,
which are known in Gran Canaria too (Marcy 1938). There some
significant differences between the islands manifest themselves. The
ceramic from Teneriffa and Gomera is, on the whole, more simple than
that from Gran Canaria, which exhibits a more frequently decorated
and, in part, more polished pottery.

In Teneriffa and Gomera the ‘megalithic buildings’ are also lacking,
which according to Woélfel (1941, 1955) fall into the category of ‘archaic
high-culture’ of the Mediterranean area. Cultural places such as Cuatro
Puertas on Gran Canaria, fortress structures, like the wall between the
two ‘monarchies’ of Fuertaventura, the grave tumuli, under which
project the Tumulus La Guancha near Galdar, which contains over
thirty graves, reflect such common megalithic, religiously pronounced
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Fig. 1. Relations between Northwest Africa and the Canary Islands I. Figures from
rock gravings. In both columns at the left from Northwest Africa, at the right from the

Canary Islands; (from Th. Monod 1938 and L. D. Cuscoy 1954, arranged by I.
Schwidetzky 1963).

Fig. 2. Relations between Northwest Africa and the Canary Islands II. ‘Oldnumidic’
inscriptions from La Caleta/Hierro (above) and Tifinagh inscriptions from the Western
Sahara (below): (from D. J. Wélfel 1940 and Th. Monod 1938).
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Fig. 3. Canarian mummy, from Roque Blanco, Tenerife (from I. Schwidetzky 1963).
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construction concepts (Wolfel 1955). The ancient Canary ‘inscriptions’
and cliff drawings should be mentioned here, too. They rely on geometric
patterns (Belmaco/La Palma), but show as well strongly stylized figures
(Barranco de Balos/Gran Canaria) or signs resembling writing (La
Caleta/Hierro) (Cuscoy 1954; fig. 1). Among the inscriptions of Hierro
one finds such which ‘permit immediate identification with Libyc
writings, the writing of the numidic inscriptions of the punic and Roman
period in North Africa and the Tifinagh of today’s Tuareg’ (fig. 2) and
a second type, which ‘contains an amount of signs, which are very
similar to the signs of the Cretic linear scripture;’ thereby one should not
conclude a direct Cretic influence, but rather a common source of Cretic
and ancient Canary signs (Wolfel 1955, p. 428 ff).

Similarly the ancient Canary custom of mummifying the dead (fig. 3)
points to North Africa. It reminds one of course of Egypt; however, there
appear to be connecting links in the remaining parts of North Africa
(Baumann-Thurnwald-Westermann 1940, pp. 62 and 278). The methods
in ancient Egypt and the ancient Canaries are admittedly not identical:
in the Canary Island the intestines were apparently only seldom removed,
the brain never. Naturally the artistic bandages of ancient Egyptian
mummies are also lacking on the Canary islands, because corresponding
textiles did not exist. But here, too, no direct connections but rather a
common source of this custom is to be considered, as the highly developed
Egyptian mummifying techniques must have been preceded by more
primitive stages.

The archaeological finds are enhanced by ethnological parallels which
are to be assumed from the written sources, including a ‘Sachgruppen-
analyse’ of the remainders of speech (Wolfel 1955). Ancient Canary and
Berber acknowledge an almighty being, whose mainfold names are in
part the same here and there (Wolfel 1951). From both it can be proved
that in times of drought it was attempted to call upon the pity of the
gods through the distressful bleating of lambs separated from their
mothers; ‘The association to the dead was established in exact same
manner on the Canary Islands as with the old Libyans, the modern
Berbers, the old populace of Malta, and the Greeks: through sleeping on
the graves’ (Wolfel 1951, p. 434). The superior position of the priestesses
on Gran Canaria is reminiscent of old-mediterranean matriarchal
characteristics. Even sibling marriages in ruling houses is confirmed from
the Canary Islands: The beautiful Ico, who, because of her blond hair,
was regarded not to be the natural daughter of her lawful father, King
Zonzammas of Lanzarote, but of the galant Spaniard Martin Ruiz, was
simultaneously the sister and wife of the later King Guanarame (Viera
y Clavijo, I.p. 172, cf. Espinosa 1/8, too).

A critical point of the investigation is the dating of the immigration.
Because the Canarios at the time of the Conquista did not know any
metal, their culture was widely regarded as neolithic and immigration
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as correspondingly early. Wolfel (1951) estimates the second of the third
millennium B.C. as the latest immigration period and relates also the
megalithic structures to a neolithic megalithic. More recent prehistoric
investigation assumes somewhat later dates and several waves of immi-
gration, at least three. The first wave can probably be dated still in the
second millenium B.C., the most recent, with which the large stone
graves of Gran Canaria might be associated, belongs already in Christian
times, presumably in the lst centuries A.D. (G. Smolla, personal in-
formation; cf. Schwidetzky 1971, p. 236). The cultural differences
between the islands can easily be explained by considering that the most
recent population immigrations did not reach all islands: Teneriffa and
Gomera appear to have been populated only by the oldest immigration
group.

With a more recent dating system, however, one problem becomes
more distinct: the complete lack of metals. One could surmise that
knowledge of metal was lost after the isolation of the islands. In the
Canary Islands there are no corresponding natural resources; metal
objects which had been brought along would not have had to be replaced
afterwards. This hypothesis is insofar not very convincing as metal
objects do not so easily dissolve into nothing, and any traces, even if only
in discolorations of the soil or human remains, would be expected. One
could thus theorize that the Berberic area of North Africa is remarkable
conservative in cultural matters: the neolithic remained until the arrival
of the Phoenicians; it had stood, at least in areas not easily reached by
travel means, in single cultural elements as well. As such large stone
graves were apparently constructed up into the Roman Era (Julien 1951,
p- 44). To be sure it is difficult to imagine that the Canary colony could
have stemmed out of just these late neolithic refuges, i.e. above all out
of the North African mountain regions; it is much more probable that
they stemmed from the coastal areas. A similarly open question has to do
with the fact that no signs of ships are to be found in the archeological
remains, nor in the cliff drawings. Should the first immigrants still have
arrived as a result of being thrown off-course, then there still had evidently
been communications between the islands, which would have been
impossible without ships.

PHYSICAL CHARACTERS AND THEIR MEANING FOR THE QUESTION OF
ORIGIN

Several things can be said about the northwest African relationships to
the ancient Canary population from the aspect of physical anthropology
as well. It is well-known to us from numerous skeletal remains from the
pre-Spanish gravesites. To be sure, the material is not equally distributed
over all the islands. Most material came in Gran Canaria into museums,
and from this more than half from one single Barranco, namely a series
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Fig. 4. Variability within the local populations. Male skulls from Guayadeque/Gran
Canaria. Above: near the cromagnoid type pole; below: near the mediterranean

type pole.

of caves from the long Guadeque Canyon. Teneriffa, too, is well-re-
presented with over five-hundred individuals, as are Gomera and Hierro
in relation to their size, with one-hundred individuals each. In opposition
to this, only scant anthropological material stems from La Palma and
Fuerteventura, and Lanzerote has been up until now completely lacking
in finds (Schwidetzky 1963).

Among the earlier anthropologists who concerned themselves with the
physical anthropology of the ancient Canary population, Verneau stands
out: from 1876 until 1891 he published prolific works resulting from his
own excavations and investigations. Already then he saw some differ-
entiations in the population and attempted to describe them through
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typological categorization. His two main types, which he lables the
Guanche-type and the Semitic type, reappeared with varying names in
most later anthropological works. The Guanche-type is described as low
and wide-faced with low, broad, right-angle eye sockets, prominent
supraorbital ridges, rough, broad lower jaw, etc; the similarity with the
late paleolithic Cromagnon type of Europe had already been noted by
Verneau. The Semitic type, with whose naming the association with a
later immigration had already been suggested, is described as having
less-robust bone structure, with a narrow, high face. It is later identified
with the Mediterranean type. The most recent research of ancient
Canary material (Schwidetzky 1963) could confirm this type polarity
with modern multivariate statistical methods: with the aid of factor
analysis two variation directions were worked out, whose end poles
correspond to the Cromagnon and the Mediterranean types; in short, the
two pole-types permit description as broad, rough-faced and narrow,
gracile-faced (fig. 4). With another multivariate statistical process, the
discriminant analysis, an objective basis was further achieved, to arrange
the different populations between the Cromagnon and the Mediterranean
poles. According to this, Gomera stands by far closest to the Cromagnon
pole type, and thus most clearly shows, as Verneau had already seen,
the broad, rough-faced type. Teneriffa follows after a certain gap, but is
not so strongly differentiated from the remaining islands as is Gomera.
At the end of the row, i.e. next to the Mediterranean pole type, is the
population of Gran Canaria.

The population of North Africa is seen as well by many authors under
the aspect of the variation between Cromagnon and Mediterranean
types. The broad and robust-faced type is well-founded from a series
of epipaleolithic sites such as Mechta, Taforalt, Afalou-bu-Rhummel, and
others. It is, above all, connected to the culture of the Ibero-Maurousien,
whereas the more narrow, gracile-faced type which appeared initially
only in isolated cases is to be associated with the Capsien culture. The
broad, rough-faced quality diminishes in the later, unfortunately not-
too-manifold finds. Already in Islamic times the Cromagnon type had
‘lost much of its earlier significance; in fact it appears to have been
completely submerged under the other anthropological types which from
then on prevailed in Algiers and Tunisia. For the present one must
assume that the Mechta type has almost completely vanished from
Algeria and Tunisia ... we do not rediscover our type in North Africa,
but rather in the Canary Islands ...” (Boule-Vallois-Verneau 1934, p. 232).

Certainly the ancient Canary population, in particular that of Gomera
and Teneriffa, does not correspond completely to the epipaleolithic
robust-boned population of North Africa. They are smaller and less
robust-boned. The process of gracilization which has been accomplished
in many European populations since the Mesolithic, is clear also through
comparing North African and ancient-Canary human remains.
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Of special significance: as a result of the development in North Africa
one can assume that the earlier immigrants came to the Canary Islands,
the more they approximated the broad, rough-faced type. In the popu-
lation of Gomera and secondly Teneriffa an older population level could
therefore be much more strongly represented than would be the case in
Gran Canaria. This agrees very well with the archaelogical finds already
mentioned.

In particular characters there are, however, some differences between
the prehistoric human remains of North Africa and those of the Canary
Islands. It is just the North African coastal area which most closely lies
to the Canary Islands, and which therefore most clearly comes into
question as far as the origin of the ancient Canarians goes which is
unfortunately hardly represented in the North African finds. Thus
sufficient time and space remain for all those biological processes which
may have transformed the population of the North African mesolithic and
neolithic into the pre-Spanish population of the Canary Islands: a change
of types by selection; various population mixtures, and last but
not least genetic drift, i.e. casual events in the small groups, which found
their way over the ocean to the islands. If according to the tradition of
the Guanche there were only sixty people who first settled on the north
coast of Teneriffa (Espinosa 1/4), this number need not at all be distant
from historical reality. It is therefore quite feasible that certain tribal, or
even family or individual characteristics of these first settlers became
manifest in the entire island population by natural population growth;
and in end effect it is not surprising that anthropological relationships to
the North African area of origin are to be recognized only in the main
features.

Because the ancient Canarians mummified their dead, other features
besides skeletal can be determined which otherwise are known only from
living populations: hair and eye color and the ABO blood groups. The
material in these areas is to be sure far less prolific. The distribution of
hair color (altogether 43 hair samples) demonstrates no significant
differences from today’s population of the Canary Islands. A certain
portion of blondes appears there above all in the children. Early anthro-
pologists preferred to describe the Cromagnon type as blond, the Medi-
terranean as dark. This has not been verified: from a metrical and
morphological standpoint the dark and light-haired are not different in
the sense of type polarity. In six mummies eyes, the eye color could be
determined. They were in all cases dark (Rohen 1959).

Blondes existed at least in Gran Canaria and Teneriffa in the ancient
Canary population; this can be regarded as certain according to written
sources. According to a letter from Florentine merchants which Bocaccio
received and which S. Giampi (1827) brought to light, four youngsters
from Gran Canaria, whom they had taken along in 1341, had long, light
hair. Torriani refers in his description of a Canarian wrestling-match to
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Fig. 5. Two young men from Gran Canaria with fair hair; (from Torriani 1592/1940).

six youngsters and men from Gran Canaria with long, blond curls
(Wolfel 1940; fig. 5). Galindo (I/16) maintains, however, that primarily
dark-colored individuals existed in Gran Canaria. Espinosa (I/4) says of
Teneriffa that the Guanche in the south of the island were darker, that in
the north a white skin color was predominant, and that the women there
were attractive and blond. Antonio de Viana, born in 1578 in La Laguna
(Teneriffa), who renders in poetry, all the ethnographic and historical
information he collected, describes the great prince Bencomo as ‘moreno’,
with dark eyes. (Song III, p. 64), his young daughter Dacil, on the other
hand, as golden-haired (Song III, p. 77), and Guacamara, the daughter
of another prince, as blond (rubio), with large, dark eyes. Similar
information of the other islands does not exist. Galindo assumes that there
were blondes on Gomera, Hierro, and La Palma too. As opposed to this,
the populations of the two eastern islands, Lanzarote and Fuerteventura,
are described as dark. The blond child of Queen Faina was so conspicuous
on Lanzarote that one believed it was not fathered by the King, but
rather by a galant Spaniard (Viera y. Clavijo, p. 172).

If thus historical and anthropological information agree that there
were light-colored, e.g. above all blond individuals their frequence is
overestimated in literary sources. The blond Guanche and Canarians
were likely most noticeable to the southers, from whom most reports stem,
so that they play an exagerrated role in their reports.

From muscle and skin remains of the mummified dead the ABO blood
types could also be determined (Schwarzfischer & Liebrich 1963) and
thereby at least one of the serological characters, which play so large a
role in modern population biology. The most striking characteristic of the
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ancient Canarians is the extraordinarily high frequency of blood group O
(which was positively determined, not only through lack of A and B).
Such high proportions are not known in living European populations.
The ancient Canarians are however, closely followed by the Berberic
tribes of High Atlas, where the percentage of blood type O reaches as
high as 789%,, in some cases over 80%,. The relation between the ancient
Canarians and the Berberics can thus be verified also from the sereological
side. It is not surprising that the Atlas-Berbers have a lower percentage
of O blood types than the ancient Canarians. The mountains are surely
an ‘area of retreat’; but they undoubtedly do not isolate so completely as
this was the case with the islands. All recent populations of North Africa,
in particular the Arabians, are characterized by a much lower percentage
of O blood types.

A sereological study on the population of Gran Canaria (Roberts et al.
1966) reached however the conclusion that today’s population of Gran
Canaria shows great similarity to that of northwest Europe and estimates
similarly high percentages of Northwest European immigrants. These
calculations become untenable; they are predicated on the ABO distri-
bution of today’s population, which differs significantly from that of the
ancient Canarian population. Nothing is known of a heavy immigration
from northwest Europe since the time of the Spanish Conquista, which
could have caused these similarities. As opposed to this, the islands had a
strong immigration from the Spanish motherland which Welfel (1930)
estimates to have been one-third of the total population. Rosing (1967)
determined that the differences in ABO distribution between the ancient
Canarian and today’s population cannot be explained by this Spanish
immigration. Rather, selection-processes must be assumed which could
stand in relation to the epidemics, especially smallpox, brought with the
Europeans. For there is a well-founded hypothesis (F. Vogel), according
to which the ABO distribution, by reason of immunological relationship
to antigens of the sickness-producers, drastically changed through
selection by the huge epidemics, in particular smallpox and plague.

EcoLOGICAL DIFFERENCES AMONG THE ANCIENT CANARY POPULATIONS

The skeletal remains of the pre-Spanish population are so numerous and
stem from so many different localities that it is possible to determine
differences within an island’s population, at least for the two large islands,
Gran Canaria and Teneriffa. There currently exist clear associations to
natural areas: in Teneriffa the ancient Canary population from the
better-off, fertile, and rainy north differs from the population in the dry
and poorer south; as far as Gran Canaria is concerned, mountain
populations and coastal populations could be contrasted to one another.
On Gran Canaria the differentiation corresponds to that which one with
a general population biology background would expect: the mountain
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population, on the whole, more closely approximates the archaic,
Cromagnon type pole than does the coastal population. This is in accord
with results of many other population studies which concur that the
mountainous retreat areas use to be of an older population level, whereas
the coastal area is more strongly subject to more recent immigrations.
The regional structure of Teneriffa presents, however, another picture:
the better-off north shows stronger Cromagnoid distinctions. This leads
one to conclude that the confrontations between earlier and later
immigrants did not always correspond the same population-biological
pattern. In Gran Canaria the retreat area of the mountains preserved
best the older, more strongly Cromagnid group, which also had a larger
proportion of the population in the dry southeast than in the coast of the
north. In Teneriffa, on the contrary, it was just the more fertile north
coast, richer in rain, where the old level was most clearly preserved. It
thus seems as if later immigrants found already occupied the more
favorable living area in Teneriffa and were, according to number, and
according to their means of technology and level of civilization, not
able to dispute with the already-existing population. On Gran Canaria,
as opposed to this, later settlers evidently had an greater impact and took
possession of the better-off north coast.

Also, the mortality factor reflects ecological differences. In Teneriffa in
the north with its favorable living conditions the people reached an older
age on the average; in the dry, infertile south they died more frequently
in younger years.

The pronounced mountainous character of Teneriffa and Gran
Canaria, with its deeply embedded Barrancos, rendered the relations
between the single settlements difficult and impeded population exchange.
It can be proved that they were isolated in the sense of population
biology; neighboring local groups show significant differences far more
frequently than one would expect by chance. Then, too, every island
population had its own particular character which distinguished it from
the populace of the other islands; for the sea isolated even more strongly
than the mountains and Barrancos, inasmuch — as archaeological finds
lead us to believe — the island inhabitants had no or only very slight
experience in ship building and ship travel.

SOCIAL-BIOLOGICAL DIFFERENCES

A series of interesting information about the social organization of the
ancient Canary population is contained in Spanish sources. On the other
hand, skeletal material in relation to burial customs also suggest social
differences. One can now attempt to relate historical information to
anthropological finds.

The prehistorian has only one means of judging the social rank of a
buried person; the outfitting of the grave. The richer it is, the more
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Fig. 6. The grand tumulus La Guancha near Galdar/Gran Canaria with about 30
graves; (Museo Canario, Las Palmas/Gran Canaria).

elaborate the deceased’s last resting place seems to be above the average
burial surroundings, the higher one would place him in the hierarchy
of wealth or social prestige. There were different burial methods on Gran
Canaria. The great majority of the dead were buried in natural caves
after being treated with a certain recipe by a particular socially-outlaw
professional caste and had been dried in the sun or over a fire. There
were some differences in the amount of elaboration: with some individuals
the abdomen was opened with a stone knife in order to remove the
intestines; with others only an external treatment took place; the dead
were either carefully sewn in goatskins, whose numbers varied from 1 to
15, or buried without such protecting leather coverings; as a ground
covering one finds wooden caskets with bottom and side walls, plain
boards or only loose branches. Besides this, there were on Gran Canaria
stone graves, too, with stone heaps (Tumuli) as single graves or as large
structures with more than thirty burials.

Historical sources, too, note some things about the social differences of
the burials. Viera y Clavijo (I, p. 160) says that caskets were reserved for
‘kings and important personalities.” “The nobility used only one other
kind of burial: beneath the earth, i.e. in a ditch between the stones of lava
streams. They formed a pyramid over the body with long stones. Then
they filled everything around with small stones, until the entire Tumulus
was covered ...’ Therefore the Tumulus graves would also be cate-
gorized as being suited to a socially elevated class, which might above
all apply to the large graves (fig. 6).

If there are on the one hand differences in the degree of elaborateness
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of the burials all other sources, on the other hand, report as well of social
classes among the ancient Canarians. Torriani dedicates an entire
chapter to the ‘Nobility of Gran Canaria’. Therein he describes the
nobleman not as a nobleman-by-birth but by achievement, as belonging
to a socially open class, in which one can enter through special nobility-
probes: ‘The nobleman of the Canaries was determined neither by age of
the family nor by degree of honor, nor of wealth ... Thus nobility was not
hereditary, but rather everyone could become noble by his own virtues,
in which he demonstrated signs of public and private excellence from the
first year on’. Similarly Espinosa states (1594, I, Ch. 8) of Teneriffa that
the king gave each person his share of land ‘according to his quality and
services rendered’.

For the skeletal material, social placement was made possible through
the hypothesis that many of the human remains in which muscle and
skin rests existed had been painstakenly mummified with more elaborate
methods than had been the case with other individuals, from which only
the skeleton had been preserved. One thinks of Heredot (II, 85-87), who
described the ancient Egyptian embalming methods. The ‘people who
understand something of business’, immediately ask the surviving
members of the family, ‘for what price they want to have the corpse
done ... ifit is a first-class corpse’, the brain is removed through the nose
and then the stomach cavity opened with a knife made of Ethiopian stone
and cleared. Should the family choose second-class, ‘because the first was
too expensive’, the stomach is not opened, but rather sprayed by means
of an enema tip with cedar oil; ‘In the third type of embalming, with
which the less well-endowed were content,” the abdomen was rinsed out
only with radish juice.

Indeed there do exist anthropological differences between the ‘mummi-
fied’ and the ‘non-mummified’, which we also know otherwise from social
anthropology: the mummified, who can be regarded as members of the
social upper-class, are larger, which is conceivable in body height
(calculated from the long bones) as well as in the absolute skull measure-
ments. Furthermore they are more strongly leptosome: this can be chiefly
verified by the skull, with its relatively narrow upper face, its high,
narrow nose, and its high eye sockets, as well as in the long bones, with
their lower indices of robusticity. In the case of the completely preserved
mummies, the characters of the mummified are even more evident on the
average; the deviation from the average population is thus still greater
than in those individuals who show only smaller muscle and skin rests.
Also the life span was longer with those who had been mummified. Above
average body height, more-marked leptosomy, and longer life span: these
are the main biological signs in modern societies, too, of social upper-
classes. Also as in the case of modern open or at least half-open societies,
this social differentiation may have come about through assortative
processes.
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Fig. 7. Male skull from the tumulus la Guancha; (from I. Schwidetzky 1963).

Besides the evidently relatively numerous nobility of Gran Canaria a
smaller, narrowly-restricted group of leaders can be evidenced: the
Guaires. ‘Gran Canaria was reigned over by two kings and a duke, who
had been elected; but the actual rulers of the island was a company of
knights, whose number was not to be less than 190 and not more than
200, and who could be augmented through the election of sons from
within their own classes ... these knights are not associated in the least
with the lower classes and belong to the purest nobility.” (Azurara 1448
in Major 1872; Berthelot 1879). There is good reason to relate this high
nobility to the buried of the stone graves, in particular of the large stone
graves.

The human remains from the Tumulus graves are anthropologically
well-characterised and stand out significantly from the remaining popu-
lation (fig. 7): this is a particularly tall and high-skulled group, whereby
the tallness, not however the high-skulled feature, is a sign of the social
upper class of the mummified. In other respects, too, the Tumulus dead
show some striking features, e.g. a simple sagital suture of the skull.
Therein lies a notable similarity between the finds from the extreme north
and the extreme south of the island, especially the finds from the Great
Tumulus of Géldar and those of Arguineguin. These finds could most
likely be explained by maintaining that they have to do with a socially
small breeding circle with strong family relations to one another; and
the striking body height as well as the manner of burial points to a
socially very distinguished inbreeding group. In respect to settling, the
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majority of this class seems to have prefered the climatically advantageous
north coast, in particular around Galdar. In the north were the ancient
Canarian ‘kings’ whom the conquistadors in part fighting, in part on
diplomatic ground, had to confront. In the court of Galdar, the ‘richest
territory of the island’, one attempted to call upon the highest nobility
and the cream of the bravest men of the island (Viera y Clavijo I, p. 179):
here was the old capital and the seat of the entire highest nobility. It is
natural to associate the great Tumulus finds with the leading political
group, which represented socially so superior an inbreeding group, as is
to be suggested on grounds of anthropological markers from the Tumulus
finds. One would have thus to assume (at least) two different social
differentiations in Gran Canaria, both of which are anthropologically
plausible: one numerically small, political ruling class, which supple-
mented itself always from its own ranks, thus representing a nobility-
by-birth; and, on a broader population basis, an echelon according to
affluence and prestige, which was open and which supplemented itself in
large degree by social upward-mobility.

Fig. 8. Boys from a mountain village of Gran Canaria; (from I. Schwidetzky 1971).
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THE PRE-SPANISH AND TODAY’S POPULATION

Eugen Fischer (1930) was the first to determine that the old Guanche-
type still appears in the population of Teneriffa today. It is, however,
evidently common on the other islands in varying degrees, and there are
also differences among the local populations. This was corroborated in
an anthropological study of the current living population (Schwidetzky
1971, 1975). A total of 6,800 pupils in 129 localities was investigated on
all islands, thus a representative random sample of the entire population.
Admittedly this concerned itself with non-adult subjects of varying ages;
however, the age factor can be eliminated by standardization in the case
of age-variable characters, in particular size. The population of Gomera
still is today as in pre-Spanish times nearest to the broad, robust-faced
Cromagnon type. There is moreover a high rank correlation for distances
between the individual islands in pre-Spanish times and today, calculated
on the basis of 12 characters. Certainly only those four islands can be
considered from which sufficient skeletal material exists. The differences

Fig. 9. Boys from a West coast village of Gran Canaria; (from I. Schwidetzky 1971).
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between today’s population of the four islands are, however, absolutely
slighter than in pre-Spanish times. This can be plausible interpreted by
the vigorous population exchange and improved travel methods. The
Spanish Conquistidors had already set up their ships for inter-island travel
in their times, and today regular ship and air lines bring together almost
all the islands.

One can further ask if population structures which had been determined
for the prehistoric time can be proved in the present. This is true for the
differences between the mountain and the coastal population of Gran
Canaria.

The differences in the present have become rather greater than smaller.
This is apparently related to the strong Spanish immigration to the
coastal areas.

In Teneriffa this immigration has even caused a reversal of the earlier
differentiation. Whereas the population in pre-Spanish times varied in
the north coast more strongly in the direction of the Cromagnid type, the
opposite is the case today. Today the north is more strongly Mediter-
ranean, thanks evidently to the stronger Spanish immigration. For
pre-Spanish times a classification according to mountain and coastal
population was not possible on Teneriffa. As for Gran Canaria an entirely
similar differentiation results in a comparison today: the population of
the mountain village varies on the whole more strongly in the direction
of the broad-robust type than do the coastal populations. The population
biology rule that older population stratas preserved themselves more
strongly in the mountains with their isolation and less-favorable economic
structure, is thus confirmed.

In the maps of today’s population of Gran Canaria still another
differentiation is suggested besides the differences between mountain and
coastal areas: the places on the west coast are marked as having partic-
ularly dark hair color, full lips, and large nasal breadth (fig. 8, 9). The
northwest of the island was also, as has already been shown, the main
settling area of that population which buried its elite in the large stone
graves. The question whether there were relations between the Tumulus
population of pre-Spanish times and today’s population of the northwest
coast, can be answered in the affirmative. In nearly all comparable
characters the Tumulus population deviates in the same direction from
the pre-Spanish average population as does today’s west coast population
from the average of Gran Canaria’s (fig. 10). It is worth noting that both
populations show certain negroid tendencies: with the living population
these are pigmentation, lip-thickness and broad nasal structure; with the
Tumulus population broad noses and relatively strong prognathy. If one
supposes, on the ground of these finds, that the Tumulus population
remained on the West coast in greater concentration than in the other
regions of Gran Canaria, one can also conclude the appearance of the
Tumulus people from today’s population. They would have been, there-
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GRAN CANARIA

Abweichung der Westkiste von der ibrigen rezenten Bevolkerung
———————— Abweichung der Tumulus - Bevolkerung von der ubrigen vorspanischen Bevolkerung
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Fig. 10. The West coast population of Gran Canaria and the tumulus population;
Deviation of the to-day West coast population from the total to-day population
of Gran Canaria; ———- Deviation of the tumulus population from the total prehispanic
populations; s = percent of standard deviation; below the measurements, indices and
morphological characters used for comparison (from I. Schwidetzky 1971).

fore, in comparison to the remaining population of Gran Canaria,
relatively dark-haired and dark-eyed and would have had full lips; in
general a population type which would well fit North Africa.

One can roughly imagine the population biological processes which
exist behind these relationships: immigration of a North African popu-
lation group, which above all settled on the west coast; within this group
development of a nobility-by-birth sitting in Galdar; no connubium
with the earlier population, however a certain population exchange with
the non-aristocratic members of the ethnic group; after the Conquista,
which operated out of the northeast coast in hard battles, retreat of the
ruling class from Géldar to the southern, inaccessable settlements of the
tribe.

Although the west coast population demonstrates certain African
traits, it must nevertheless be mentioned that by far the most popular
hypothesis relates single negroid characters of the Canary Islands
population to the import of Negro slaves in the 18th Century; they were
used on the sugar cane plantations which preceded the banana cultures
and which were later on sold to America (Matznetter 1958). Perhaps
the particular, but clearly negroid characters in Chipude (Gomera),
such as narrow-spiraled hair, thick lips, and prognathy, can thus be
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brought into association: Negroes who wanted to escape the sale perhaps
fled from the cultivation area around Valle Gran Rey to this out-of-the-
way, inaccessible colony. The hypothesis of the relationship between the
west coast population of Gran Canaria and the Tumulus population of
pre-Spanish times is supported not only by the dark hair and thick lips
of today’s population, but also by its similarity to the Tumulus popu-
lation by the special traits of the west coast population recognizable
already in pre-Spanish times.

Summary

The most important results of the Canary investigations can be sum-
marized as follows:

1. History of language, prehistory and ethnology demonstrate numer-
ous relations between the pre-Spanish population of the Canary Islands
and North Africa, in particular the Berberic population. It can also be
assumed from a geographical standpoint that the islands were settled
from northwest Africa. Several immigration waves can be distinguished.
The oldest could be dated still in the 2nd millennium B.C., the most recent
in the 1st centuries A.D. The different island populations are evidently
distributed among the immigration waves in varying degrees: on Gran
Canaria the archaeological discoveries show many elements which
indicate a later immigrations elements which are not present in
Teneriffa.

2. The abundant skeletal material from pre-Spanish burial sites
supports this theory. The more archaic features, such as bone robustness
and broad, low faces appear more often on Teneriffa and Gomera than
on the other islands. By reason of North African finds one can assume that
the earlier the immigrants arrived, the stronger they varied in the
direction of a broad-faced, robust type.

3. Already the pre-Spanish population of the Canary Islands display
a series of differentiations which are related to the natural structure. On
Gran Canaria the mountain population distinguishes itself from the
coastal population by a stronger pronouncing of archaic features. In
accordance with general population biology rules, the older groups in the
isolation of the mountains evidently survived better than on the coast,
which was more strongly affected by the more recent group of settlers.
This holds true for the population, too, which buried its dead in
stone graves. Its center was the northwest coast and was tied to the most
recent wave of immigration. The mountainous character of several
islands and the resulting difficult travel means must have strongly
isolated many local populations. This isolation can be verified anthro-
pologically by a relatively strongly-marked difference between neigh-
boring local populations.

4. Socio-biological processes influence the population structure, too.
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An extraordinarily favorable situation presents itself for the Canary
Islands insofar as historical information from early Spanish sources can
be tied to anthropological finds. There are two social differentiations: an
open upper-class, which always is supplemented by assortative processes;
and, besides this, on Gran Canaria, a small, strictly exclusive ruling
group, noble-by-birth, which buried its dead in stone graves.

5. The comparison between the pre-Spanish population and that of
today shows the influence of Spanish immigration since Conquista times,
which chiefly went to the economically more favorable regions. In
Teneriffa it reversed the earlier anthropological relation between the
north and the south coasts and in Gran Canaria it strenghtened the
differences between mountain and coastal populations. Of particular
interest is today’s population on the west coast of Gran Canaria. There
the most recent wave of pre-hispanic immigration which, among other
things, introduced the burial in stones graves, obviously survived.

REFERENCES

Baumann, H., Thurnwald & D. Westermann. 1940. Vélkerkunde von Afrika. Essen.

Berthelot, S. 1879. Antiquités Canariennes, ou Annotations sur l'origine des peuples
qui occuperent les Iles Fortunés depuis les premiers temps jusqu’a ’époque de leur
conquéte. Paris.

Boule, M., H. Vallois & R. Verneau. 1934. Anthropologie. In Arambourg, C., M.
Boule, H. Vallois & R. Verneau. Les grottes paléolithiques de Béni Ségoual (Algérie).
Arch. Inst. Paléont. Humaine Mém. 13. Paris.

Bravo, T. 1954. Geografia general de Canarias. Tom I, Santa Cruz de Tenerife.

Cuscoy, L. D. 1954. Paletnologia de las Islas Canarias. Madrid.

Cuscoy, L. D. 1958. Catalogo-Guia del Museo. Santa Cruz de Tenerife.

Espinosa, de A. (1594). Historia de nuestra Sefiora de Candelaria. (ed.) by E. Serra
Rafols, B. Bonnet & N. Alamo. Santa Crnz de Tenerife 1952.

Fischer, E. 1930. Sind die alten Kanarier ausgestorben? Z. Ethnd. 62, 258-281.

Galindo, Abreu de, J. 1632. Historia de la Conquista de las siete Islas de Canaria.
(ed.) by A. Cioranescu. Santa Cruz de Tenerife.

Julien, Ch.-A. 1951. Histoire de ’Afrique du Nord des origines a la conquéte arabe.
2 Ed. Paris.

Major, R. H. (ed.) 1872. The Canarian or Book of the Conquest and Conversion of the
Canarians in 1402 by P. Bontier and J. Le Verrier. London.

Marcy, G. 1938. La vraie destination des pintaderas des iles Canaries. J. Soc. Afri-
canistes 8, 168-173.

Matznetter, J. 1958. Die Kanarischen Inseln. Agrargeographische Grundziige. Gotha.

Roberts, D. F., M. Evans, E. W. Ikin & A. E. Mourant. 1966. Blood groups and the
affinities of the Canary Islanders. Man 1, 512-525.

Rohen, J. 1959. Histologische Untersuchungen an Augen altkanarischer Mumien.
Homo 10, 35-39.

35



Rosing, I. S. 1967. ABO-Blutgruppen und Rh-Faktoren auf Teneriffa unter besonderer
Beriicksichtigung des Vergleichs zwischen vorspanischer und heutiger Bevélkerung.
Homo 18, 96-104.

Schwarzfischer, F. & K. Liebrich. 1963. Serologische Untersuchungen an prahisto-
rischen Bevolkerungen, insbesondere an altkanarischen Mumien. Homo 14, 129-133.

Schwidetzky, I. 1963. Die vorspanische Bevélkerung der Kanarischen Inseln. Anthro-
pologische Untersuchungen. Géttingen. (Span. translation : La poblacién prehisp4nica
de las Islas Canarias. Publ. Mus. Arqueol. S. Cruz de Tenerife 4, 1963).

Schwidetzky, I. 1971. Die vorspanische uhd die heutige Bevélkerung der Kanarischen
Inseln. Kontinuitit und Diskontinuitit von Bevolkerungstrukturen. Homo 22,
226-252.

Schwidetzky, I. 1975. Investigaciones antropoldgicas en las Islas: Canarias. Estudio
comparativo entre la poblacién actual y la prehispanica. Publ. Mus. Arqueol. S.
Cruz de Tenerife 10.

Torriani, L. 1590. Die Kanarischen Inseln und ihre Urbewohner. Hrg. von D. J.
Wolfel, Leipzig 1940.

Viera y Clavijo, de J. (1772-1773). Noticias de la Historia General de las Islas Canarias.
(ed.) by E. Serra Rafols. 3 vols. Santa Cruz de Tenerife 1950-1952.

Viana, de A. Antiguedades de las islas Afortunadas de la Gran Canaria. Conquista de
Tenerife. Ed. La laguna 1905.

Wolfel, D. J. 1930. Sind die Urbewohner der Kanaren ausgestorben? Z. Ethnol. 62,
282-302.

Wolfel, D. J. 1940. s. Torriani, L.

Wolfel, D. J. 1941. Hauptprobleme Weissafrikas. Arch. Anthrop. N.F. 27, 89-140.

Wolfel, D. J. 1950. Die Kanarischen Inseln, die westafrikanischen Hochkulturen und
das alte Mittelmeer. Paideuma 4, 231-253.

Weélfel, D. J. 1951. Die Religionen des vorindogermanischen Europa. Handb. Religions-
geschichte I, 161-537.

Welfel, D. J. 1955. Eurafrikanische Wortschichten als Kulturschichten, Salamanca.

36



III. THE NAMES OF THE CANARY ISLANDS
AND THEIR VERIFICATION

by

JAMES KRUSS

The names for the archipelago

As names for the archipelago we have to discuss the following: the
Elysian Fields, coming from Homer (about 800 BC), Odyssey, IV, 563-568,
adopted by the Greek geographer Strabo (63 BC-AD 26) ; the 3 Gorgones
and the 3 Hesperides, coming from Hesiod (about 800 BC) in his ‘“Theo-
gony’; the Happy Islands, coming from a wide-spread mythical tradition;
the Atlantides, coming from Plato’s dialogues “Timaios’ and ‘Kritias’®
(428/27-348/347 BC), adopted by the Greek biographer Plutarch
(about AD 50-119) and discussed by innumerable authors, the Eternal
Islands®, coming, as far as I can see, only from Arabian authors about
AD 1000, for example from Abu Ubayd al-Bakri who also tells us that
in Greek these islands were called Quartianis® (maybe from gr. ydap,
‘cave’); and finally the Canariae Insulae, first so named as a group of
islands by the African author Arnobius, who died in AD 330. Highly
doubted is a relationship between the Canaries and the ‘Island of the
happies’ in the Irish myth, Mag Mell, which was reigned over by Thetra,
the King of the Fomores. (Famara is the name of a bay and a mountain on
Lanzarote.)

From the Elysian Fields Homer tells us that the gods shall bring
Menelaos to the Elysion pedion at the ends of the world, where the ‘brown-
ish’ hero Rhadamantes lives and where there is no snow, no hurricane
and no rain and where always blows the west wind. Elysion pedion is
mostly translated as ‘dwelling place of the blessed’. Unfortunately my
etymological dictionary has only né3ov, hom. ®ed6dev, nédovde, ‘Grund,
Boden’ and no explanation for Elysion. If this word meant ‘blessed’ and
‘happy’ together as in the German word ‘gliickselig’, we can bring
together Elysion pedion with the Insulae Fortunatae (or Fortunatorum|Beatorum
Insulae) as with Mag Mell and the land in the far west, where the blessed
live and that was reigned over f.e. by the Egyptian Osiris. Then we have to
consider a very old concept, that the dead or the souls of the blessed go as
the sun goes to the west, where there is a place for them without the
troubles and hardships of life. This ‘far west’ may have been located in
many places, in old Greece for example in Elis, the northwest of the
Peleponnese. Then Elis and Elysion may be etymologically related.
Although Ptolemy surely knew of the Canaries (he took his O-meridian
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through the Canary Islands), I doubt, that Homer’s Elysion pedion meant
the Canaries, for between Homer (800 BC) and Ptolemy (200 BC) there
are a thousand years. Names and associations spread out with the
extension of geographical knowledge. As the name Atlas for the mountains
in North-West-Africa came from Greece with all its older associations
(the Berbers still say adrar ibudraren* or something similar), so Homer’s
Elysion pedion may have wandered together with geographical knowledge
from some place in Greece until finally it came to the Canaries.

The same thing may have happened with the related three Gorgones
and the three Hesperides, best known from Herodots “Theogony’. Their
names, that Hesiod gives, seem altogether purely Greek. The Gorgones
are called Stheno (c%evéc, ‘power’), Euryale (to Edpog, ‘southeast-wind’?)
and Medusa (pé3w, ‘I care’). The three Hesperides are called Aigle (alyhy,
‘brightness’), Erytheia (to +Hp., ‘early’?) and Hesperia, Hesperethusa or
Arethusa (éomépa, ‘evening, west’, €omepog, ‘evening, in the evening’).
Also their collective names have a solid Greek base, as the Hesperides come
from the word for ‘evening/west’, the Gorgones from yopyés, ‘awfull,
horrible, wild’, Topy®, ‘Schreckgespenst’. Etymologically the six ladies
seem of Greek origin, and so their places in the ‘far west’ may have been
formerly somewhere in the Agaen Sea; but as the Hesperides are actors in
the twelve labours of Hercules, there may be a relationship with Phoe-
nicia, for to-day it is undoubted that a main part of the Hercules myth
comes from the phoenician Baal-Melkart from Tyre. The Phoenicians
now knew the ocean beyond the ‘Columns of Hercules’ and we know for
certain that they knew the isle of Madeira. So why shouldn’t they have
known also the Canaries? But first there is no evidence of Phoenician
visitors on the Canarian archipelago and second, if the Greek poets used
older phoenician stories, did they take over only the plots or also the
related geographical knowledge? Did the public of Homer and Hesiod
know something about Africa as far as the Strait of Gibraltar? The first
Greek colonizers were Ionians from Asia Minor, that came already in
the 8. century BG, the century of Homer, to the Black Sea and to Sicily.
And in the popular legend from Homer, translated and commentated
upon by Wolfgang Schadewaldt®, Homer is said to have been a Smyrnian
named Melesigenes, who after many voyages from Spain and Etruria
came back to Ithaca. But I think most of the Greek people of the 8.
century BC heard only casually about places as far as Spain or the
Canaries, and if a certain gentleman named Melesigenes really came
back to Greece from a country as far as Spain his narrations would have
been more as stories from a far wonderland than a base for geographical
knowledge. It is notable that Homer named the far west of the blessed
only the Elysion pedion, and that may refer to many places, according to
the speakers situation and knowledge. Also the three Hesperides and the
three Gorgones, according to Hesiod personalities, that lived in the far
west, may have been located in several places until with the progress
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of writing and communication their dwelling places (on a coast or on
isles) were located on or in the Atlantic. If the etymology of the ladies’
names is related to their dwelling place, we have for the Hesperides
(living in a place of the far west or of the sunset) in Aigle exactly the root
with the meaning ‘brightness’, in Hesperia once more the root for ‘west,
evening’ and in Erytheia maybe the roots 7pt, ‘early’, and 9¢&, ‘look, sight,
view, aspect’, which altogether reminds us of a star called Hesperos or
Hesperus, namely Venus, that is the first bright star after sunset in the
west and the latest to be seen in the morning in the east. So perhaps the
Hesperides symbolize the good aspect of the west, namely the arising
Venus. But if the names really came from astronomical observations, we
once more have to doubt, that their location on earth was so fixed as
some authors would have us believe. It is quite another thing with the
Happy Islands or Die Inseln der Gliickseligen (with the meanings ‘happy’ and
‘blessed’ together). For here is to be seen a clear tradition at least from
Quintus Sertorius, the Roman Governor of Spain (123-72 BC), over
Vergil (70-19 BC), Horace (65-8 BC), Ovid (43 BC-18 AD), the elder
Pliny (23-79 AD) and Plutarch (46-119 AD) — until Torquato Tasso
(1493-1569). The poetic tradition from Vergil until Tasso is astonishingly
consistant even in its details. I shall give first all four poetical texts in the
original here.

The first text are the lines 15-30 from the 4. ecloga from Vergils
‘Bucolica’. The poem is dedicated to Asinius Pollio, consul of the year
40 BC, who made peace between Augustus Octavianus and Antonius.
So Vergil, hoping that a kind of Golden Age might begin, describes in a
prophetic manner the future that the new born son of Pollio expects:

ille deum vitam accipiet divisque videbit
permixtos heroas, et ipse videbitur illis,
pecatumque reget patriis virtutibus orbem.
at tibi prima puer nullo munuscula cultu
errantis hederas passim cum baccare tellus
mixtaque ridenti colocasia fundet acantho.
ipsae lacte domum referent distenta capellae
ubera, nec magnos metuent armenta leones.
ipsa tibi blandens fundent canabula flores.
occiedet et serpens, et fallax herba veneni
occidet; assyrium volgo nascetur amomum.
at simul heroum laudes et facta parentis
iam legere et quae sit poteris cognoscere virtus:
molli paulatim flavescet campus arista,
incultisque rubens pendebit sentibus uva,

et durae quercus sudabunt roscida mella.

The second text are the lines 41-52 from number 16 of Horace’s epodes.
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Horace, disappointed that Rome’s glory is gone, suggests to go to the
‘arva divites et insulas’ and describes these isles now:

Nos manet Oceanus circumvagus: arva beata
Petamus, arva divites et insulas,

Reddit ubi cererem tellus inarata quotannis
Et inputata floret usque vinea,

Germinat et numquam fallentis termes olivae,
Suamque pulla ficus ornat arborem,

Mella cava manant ex ilice, montibus altis
Levis crepante lympha desilit pede.

Illic iniussae veniunt ad mulctra capellae
Refertque tenta grex amicus ubera

Nec vespertinus circumgemit ursus ovile,
Nec intumescit alta viperis humus.

The third text are the lines 101-112 of the first book of Ovid’s ‘Metamor-
phoses’. It is the description of the Golden Age of Saturn, seen not in the
future, as in the descriptions of Vergil and Horace, but in the past:

ipsa quoque immunis rastroque intacta nec ullis
saucia vomeribus per se dabat omnia tellus;
contentique cibis nullo cogente creatis

arbuteos fetus montanaque fraga legebant
cornaque et in duris haerentia mora rubetis

et quae deciderant patula lovis arbore glandixes.
ver erat aeternum, placidique tebentibus auris
mulcebant zephyri natos sine semine flores.
mox etiam fruges tellus inarata ferebat

nec renovatus ager gravidis canebat aristis;
flumina iam lactis, iam flumina nectaris ibant,
flavaque de viridi stillabant ilice mella.

The fourth text are the verses 35 and 36 from the XV. song of Torquato
Tasso’s ‘Gerusalemme deliberata’. In the XV. song the two Christian
warriors Charles and Ubaldo come with the help of a virgin to the
‘I’isole felici’, where the hero Rinaldo (Rinaldo d’Este), lives with the
beautiful pagan Armida. The first description of these islands (Naturally
Tasso had heard of the Canary Islands, which were conquered in his
liftime) is the following:

Ecco altre isole insieme, altre pendici
Scoprian al fin men erte et eleuate
Et eran queste I’isole felici.

Cosi le nomino la prisca etate;
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A cui tanto stimaua i cieli amici,

Che credea uolontarie, e non arate
Quiui produr le terre, e 'n piu graditi
Frutti, non culte germogliar le uite.

Qui non fallaci mai fiorir gli oliui,

E ’1 mel dicea stillar da I’elci caue,

E scender git da lor montagne i riui,
Con acque dolci, e mormorio suaue:

E zefiri, e rufiade i raggi estiui
Temprarui si, che nullo ardor u e’graue
E qui gli Elisi Campi, e le famose
Stanze delle beate anime pose.

The corresponding details of the verses are: the earth (always tellus,
Tasso: terre) bears uncultivated or unploughed or ‘per se’ fruits — the
fruits are wild grain (Vergil and Ovid arista, Horace ceres, Tasso only
Sfrutti), wild wine (Vergil uva, Horace wvinea) or other wild fruits like
strawberries (Ovid fraga) and olives (Tasso oliui) — and all authors speak
about wild honey (all mella, Tasso mel) from oaks (Vergil quercus, Horace
and Ovid ilex, Tasso elci).

The earth, that bears fruits without cultivating, is a detail of the
description of a Golden Age, no matter if it is seen in the past or as
prophecy in the future. We find it as well in the bible where Jesus says,
that men can live like the birds without seeding and earning (Matth.
6,26) as in the poetic Edda, where the prophecy says, that ‘unseeded’ the
fields will grow (Vo6luspa, third part). This detail cannot help us to
localize the happy isles. How is it with the other details, wild fruits,
honey from oaks and unpastured goats that come alone to the milking
place? For this question we first have to study the source material. The
chronological order of information and authors and their relations are
to be seen in fig. 1. The eldest informant is Sallust, born 86 BC, who tells
us in the first book of his ‘Histories’, that Sertorius, born 123 BC, met in
the beginning of his career some sailors, that just had come from ‘Atlantic
isles in the far western ocean’, named ‘the isles of the blessed’. As Sallust’s
book remains only in fragments, we have to read about this episode in
books, that cite Sallust, like in Plutarchs ‘Life of Sertorius’ (I, 8, 2-9) or
in Pliny’s ‘Naturalis historia’ (VI, 201-205). Pliny cites also an author,
who really seems to have been on the Canary Islands, namely Juba II.,
king of Numidia and later of Mauretania.® From whom came the details
of the Happy Islands to the poetical tradition and to whom first? Naturally
we have to choose only between Vergil and Horace. Both have in the
cited poems older models. For Vergil it was Theocritus, the Greek poet
from Syracuse (310-250 BC), for Horace the early Greek poet Archilochos
(7. century BC). Two details are now to be found in Theocritus’ Idyll XI
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about the Cyclop Polyphem, who also acts in the ‘Odyssey’. In the
translation of Elizabeth Barret Browning the poem goes:?

No jot he cared for apples, olives, roses;

Love made him mad; the whole world was neglected,
The very sheep went backward to their closes

From out the fair green pastures, self-directed.

Here we have already fruits, not cared for (thus growing wild), and the
self-directed goats of Vergil and Horace. But wine, grain and honey
from oaks are lacking. From whence came these? And who of both poets
was the first? The question is much discussed. Bruno Snell maintains,
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citing the verses of Theocritus, the priority of Vergil®. H. Diintzer,
believing, that Horace’s poem is older than that of Vergil, maintains the
priority of Horace®. But these are examinations of literary sources only,
whilst we are searching for real news from real islands. What can the
poets have heard from Sertorius and Juba? From Sertorius directly they
couldn’t have heard anything, because when Sertorius was murdered in
72 BC, Vergil was 2 years old, Horace not yet born. But both may have
heard through Sallust about the Atlantic isles in the far west. And there
is good reason to suppose, that the Greek speaking and reading Horace
read the Greek writing Juba II. Undoubtedly Horace must have heard
about Juba or maybe have known him personally, for Juba was from
46 until about 29 BC educated in Rome protected by Augustus, and
Horace lived from about 42 until 33 in Rome. Also Vergil, who died
19 BC, must have heard about the young African prince, who became
during his and Horace’s lifetime first king of Numidia, then (25 BC) king
of Mauretania. And naturally gossipping Rome spoke about Juba, when
he married the daughter of Cleopatra and Marcus Antonius. But Horace
lived 27 years longer than Vergil, and as Juba II lived 45 yearslonger then
Vergil, the possibility of Horace having heard or read about the isles,
that Juba saw, is greater. Did he hear of them through Juba as Pliny did
later? What he says of them (except the uncultivated flowering earth,
that may come from another tradition, and the self-directing goats, that
may come from Theocritus) is: wild wine, grain, olives and figs, honey
from oaks, springs with sweet water, no snakes, no bears.

It would be tempting to compare these words of Horace with the
biological facts of the Canaries, especially the fact, that, as far as we
know, there have never been snakes on the archipelago. But for the time
before Linné it is hard work to identify which word stands for which
fact. If we take Horace’s ilex, it may have been in Greek 3pU¢, but this
word as well as meaning ‘oak’ also means ‘tree’ and again in composita
‘wood-’. If we take the word ¢uyog, which according to my dictionary is
the ‘edible oak’, there are immediately two possibilities for errors, for
the word comes from indoeuropean +bhdgos, Latin fagus, meaning the
beech-tree, and a Roman author with little knowledge in botany may
have related the greek fegos with the Latin ficus for ‘fig’. But if we are
searching for similar Canarian facts on the meanings of Horace’s words,
we may find the following:

The Canarian wild wine (Parthenocissus tricuspidata, first described in
1887)10 is cultivated and introduced. But the old Canarians made a kind
of wine from the fruits of the Visnea mocanera, by the old inhabitants
called mocan, today mostly mocanéro. The name for this fruit was yoya,
according to Dominik Josef Wolfels ‘Monumenta Linguae Canariae’
related to a berberic word yaya, meaning ‘berry’.1!

Grain seems to have been known since very old times, especially barley,
for which there are given four different words from four different islands.1?
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For olives there is now known a subspecies (Olea cerasiformis ), which
according to the latest describer Giinther Kunkel may be a native
Canarian plant.13

For figs there are some old Canarian words, but mostly with Arabian
offspring. So we can doubt, that at the time of Horace there were figs on
the islands, but possibly the y9ya may have been described by visiting
sailors as a kind of ‘fig’.

Wild honey is very well known on the islands. I myself found it on
Gran Canaria in the locality of San Mateo, where it also is sold (I found
it in a willow).

The Canarian oaks are according to the botanists introduced, but as
we saw, especially with the Greek words for ‘oak’ there are errors possible.
(And if Horace read Juba, he read him in Greek.)

Springs of sweet water were known from all islands except Lanzarote.
The absence of snakes is characteristic for the Canarian archipelago, but
also for Madeira.

The mention of the absence of bears is a bit strange for the Canaries,
but would not be so for the island of Theokrite’s idyll, Sicily. And here
is the point, where we can think of an Horatian mixture of three
traditions: The mythical Elysion pedion of Homer and the related Elysian
Fields by other authors, the Happy Islands, that just in the time of Horace
through Juba may have been localized on the Canaries, and another not
yet mentioned tradition, namely the Islands of the Cyclops with the one-
eyed Polyphem, to be found in the Odyssey in the ninth song and (person-
alized in Polyphem) in Theokrits XI. idyll. This final tradition may come
from Phoenician traditions, namely after navigation of the African coast
by Phoenician sailors about 610 BC, sent by the Pharao Nekos and
described by Herodot (IV 42). It may have happened in the same way as
it did 600 years later in the time of Horace: the older more obscure
tradition of Homer’s Islands of Cyclops became localized somewhere in the
Atlantic after the voyage of the Phoenicians. Homer tells us, that on the
island grew ‘unseeded and ungathered’ (like in Matthew 6,26) barley,
wheat and wine. The people lived in caves high up in the rocks, organized
in clans, and in front of a wonderful bay there was an uninhabited
island with wild goats. Homer’s view of this kind of life is negative, as is
the view of an old Canarian ‘idyll’ from the islands Palma and La
Gomera, in which the giant Tamuthu'* — a horror for all his neighbours —
on the top of a mountain had his ‘bloody dwelling place’ and from where
he drove wild goats into the gorges and to their death. The view of
Theokrite is mixed: He understands the terrible longing of the giant for
the sweet Galathea, but describes him as rough, hairy and barbaric. But
with Theocrite the view in the tradition changes: now the unploughed
earth, the wild growing fruits and the wild goats, coming since Theocrit
self-directed home, are attributes of a paradise-like life, and Polyphem
and other giants are lacking. In the greek folk-tradition the words
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payapoc, ‘happy’, and paypoc, ‘long’ may have been changed by
mistake. But the changing from the wild giant’s region of Homer, the
unknown Canarian author and (in some aspect) Theokrit to the paradis-
ical fields of the tradition since Horace/Vergil is not the changing of a
word by mistake, but the changing of social life. The older tradition is
that of a half-barbaric people to barbaric ones — with horror (like the
giant’s neighbours in the Oldcanarian song). The younger tradition is
the view of over-cultivated people to the happy simple life — with longing
and nostalgia. If the Phoenicians really came to the Canaries, their
opinion about the life of the Canarians of that time may have been
‘terrible’, whilst half a millennium later the opinion of Juba, a king and
arbiter elegantiarum, was enthusiastic. So —though it may sound astonishing —
the Happy Islands of the Roman and following literature come besides
other traditions from the Islands of the Cyclopes or Giants and they are
only a new interpretation.
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The relations between news from Atlantic islands since the Phoenician
voyage and literary sources are to be seen in fig. 2. If we bring in order
the sources reported here — not searching for missing links between
certain authors — we have first the cyclops, according to Homer wild
inhabitants of a wild island (and, besides, cannibals), according to
Hesiod sons of heaven and earth. Then we have the Hesiodan tradition
of the Gorgons and Hesperides, that may have been located on islands,
the Gorgons more related to the barbaric cyclops, the Hesperides to
Homer’s Elysion pedion. The tradition of the cyclops goes in the person of
Polyphem until Theokrite, who sees the giant already with a psychological
point of view. Then this tradition became — without giants — merged
with the tradition of Hesperides/Elysion, and it may be that the news
from the two phoenician expeditions — Neko’s sailors and Hanno with
his people — had some influence on this tradition. The next tradition is
really news from sailors about ‘Happy Islands’ — maybe Madeira, maybe
the Canaries. But as Madeira seems to have been uninhabited until the
time of Henry the Navigator, islands with happy people could only be the
Canaries. The news of these islands came by way of Sertorius and Sallust
to the two authors, we still can read, namely Pliny and Plutarch, and now
in Pliny we have already reliable news from the Canaries through
Juba II, king of Mauretania, whilst the poetical tradition of Happy
Islands from Vergil to Tasso may have been influenced from many
sources, until Tasso really knew, where ‘Happy Islands’ were located
namely in the Canaries, conquered in his lifetime. For the term ‘Eternal
Islands’, coming from Arabian authors, there may be Arabic or other
Oriental traditions. I could not find them.

To discuss the literature about Plato’s ‘Atlantis-island’ is impossible in
a small paper like this. I personally believe, as do other authors also, that
the description of the isle Atlantis is a Platonic myth. But there are two
interesting things in this theme, first the relationship between Atlantis
and Atlas and so over the Hesperides to the in fig. 2 given greater
relationship, second Plato’s reference to an old Egyptian narration, that
came through Solon to Plato’s referent Kritias and that may have existed
really, even not in the details given by Plato. The texts of this narration,
says Plato’s Kritias through the mouth of an Egyptian priest, are hidden
in the temples of Sais. Now, if there were really historical notes in the
temples of Sais, why does nobody open the big mound of Sa al-Hajar
(the former Sais), in which are the remains of the temples and maybe a
note about an island, similar to Atlantis? But what is of most interest in
this paper is the distant Canarian relationship to Atlantis through the
myth of Atlas and the three Hesperides with their three golden apples.
And here we really can relate this theme with old Canarian words and
traditions.

According to Hans G. Giiterbock, Hittitologist of the Oriental Institute
of Chicago, the oldest Sumerian triad is formed by Nanna, representing
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the moon, Inanna, representing the morning- and the evening-star, and
Utu, representing the sun. In the background we find An or Anu, the
‘great bull’, father of all gods and ‘sky’, and Ninsun, the ‘good cow’ or
‘Lady Wild Cow’.15 Another personality, related to the triad, is Dumuzi,
the semitic Tammuz, in some texts the young husband of Inanna, in
others the name of Nanna as the new light of moon. One of these gods,
probably Nanna, is described as the herdsman of the stars. Thus the stars
are cattle.

Now we have in W¢lfel’s ‘Monumenta Linguae Canariae’ one word
for sheep ana (with a possible plural form tahatan).1® And we have an old
Canarian songtext, that reminds us of a Sumerian myth. In this song a
man was thrown into the sea, but his friend Ananahui saves him. Now the
saved man, whose name is not revealed, from this day on, in all fights
protects his friend Ananahui with his body. The song ends with the question:
Why does Ananahui need this helper in fights, he, who conquered the
giant Tamuthu, who lived high up in the mountains, killing goats by
throwing them into the deep gorges? In the Sumerian myth it is Adapa,
a legendary sage, who is thrown into the sea by the southwind. In his rage
he breaks the wings of the south wind. For this crime 4dapa comes before
Anu, and here Tammuz and Gizzida bid for him.

I believe, that the petrified word in these two stories about a sea-thrown
man, the name Dumuzi| Tammuz| Tamuthu, comes from the same pre-
homeric mythological substrate and that the Sumeric triad as three
animals in the sky in the Greek tradition turned into apples, because the
meanings ‘small cattle’ and ‘apple’ were represented by the same word:
wirov, 1. ‘Kleinvieh, Schaf’, 2. ‘Apfel’.1?

So I believe further, that Homer’s Hesperides and Atlas came from
Asia Minor, maybe as wutu-lu > Atlas. (Utu, ‘father (of gods), sky’; lu,
‘man’).’® In Greek the name for ‘father’ is &trta. And there is an old
Canarian word for ‘god/sky’ ataman or achaman,'® that seems to come
from the same tradition, even phonetically. So the old Canarians stood
in a tradition of a ‘father sky’ (ataman ) and a giant (Tamuthu < Dumuzi/
Tammuz) like the Sumerians and the Greek, but the first ‘Western Islands’
must have been west from Asia Minor and that means in the Medi-
terranean Sea that may have been the first ‘Atlantic Sea’, until the name
wandered further to the West.

Naturally there are possibilities of contacts between the north-african
herding period (6000-2000 BC) and Asia Minor, but I doubt, that
in this time the Canaries were a known destination for North Africans in
(maybe) reed-bundle-boats or that — in case they were known — these
islands gave rise to mythical stories in Asia Minor.

Now we have, as may be seen in fig. 3 (still highly hypothetical)
relations between a Sumerian triad of astral gods and the Hesperides of the
Greek tradition, between the Sumerian sungod Uty and Atlas on one
hand, Shamash and ataman|achaman on the other, and finally a possible
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Sumerian: Nanna Inanna co Dumuzi Utu

“\
utu.lu
2

Akkadian/Semitic: Tammuz : Shamash
Greek: Hesperus ‘[ Atlas
d
Hesperides
RV
Old Canarian: Tamuthu ataman
achaman

relation from the Sumerian Dumuz over semitic Tammuz to old Canarian
Tamuthu. But whilst Dumuzi| Tammuz seem to have been saviors, that die
and resurrect in the cult like the Babylonian Baal and in our days Jesus,
the Old Canarian Tamuthu was a wild and rough giant like Polyphem,
who had his ‘bloody dwelling place’ on the top of the mountain, who was
feared by his neighbours and killed by a hero named Ananahui. And
whilst Utu/Shamash were sungods, ataman or achaman was the sky-god.

In any case the tradition from which these old relations may come,
is so widespread and between the given points of tradition there are so
many local variations, interpretations and misinterpretations also, that
it is impossible to give a localization of the source, except that in the
relations of fig. 3 the Sumerian tradition seems to be the oldest.

So news from the Phoenicians, from Sertorius’ ‘sailors’ and from Juba
I1. remain as the possibly first real news from the Canary Islands in
Asia Minor and Europe.

The names of the single islands

Whilst for the names for the Archipelago we had to go back into farthest
mythical periods, with the names of the single islands we enter into
historical times. What we have to discuss are the Latin (and one Greek)
names, given by Pliny, and Plutarch, the indigenous names and the
islands’ names of to-day. The seven most discussed names, given by
Pliny and Plutarch for the seven isles that are inhabited to-day (besides
La Graciosa, that in ancient times was not inhabited) are: Pluvialia
(Latin pluvialis, ‘bringing rain’) or Ombrios (Greek 3uPpoc, ‘rain’),
Junonia Mayor (according to Torriani?® coming from a rare Latin word
for ‘green’, but more probably from the Roman goddess Juno, the Greek
Hera and maybe related to the Punic/Berberic Tanit), Funonia Minor,
Capraria (Latin capra, ‘goat’), MNvaria (Latin nivarius, “filled with snow’)
and finally Canaria (related Latin words are f.e. canis, ‘dog’, canere, ‘sing’
or canna, ‘reed(-flute)’).
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Seven identifications for these names are given in fig. 4. The first two
German writers, Curt Miiller and A. Hermann?, are cited and discussed
in D. J. Wolfel’s Torriani-edition, the second two Authors, Juan Alvarez
Delgado?? and George Marcy?3, are berberologists, the last three authors
are early croniclers, Leonardo Torriani, A. de Santa Cruz?* and Alonso
de Palencia?®.

According to these authors, who tried to verify the islands from different
aspects it is probable that Canaria was always the Gran Canaria of to-day,
that Nivaria was our Tenerife of to-day, Capraria the present Fuerteventura
and Pluvialia the present Lanzarote. But to be more certain about this
verification, it would be good to make a synopsis of the present, the Old
Canarian and the Latin/Greek names of the islands and the etymology
of the words as to be seen in fig. 5.

Here we see, that the Latin and Greek word for ‘rain’, the roots for
the name of Lanzarote, have nothing to do with the Old Canarian name
Tyterogakaet, in which George Marcy reads ‘she, who is hot’ or ‘she, who
is burning’,2¢ whilst D. J. Wolfel, though very doubtfully suggests that,
this word has a relationship to berberic words with the meaning of ‘quick
running’.2” But strangely, in the present name of the island, Lanzarote,
derived from Lancilotto Maloiccello of Genua, who lived some years on
the island before it was conquered, we can find a berberic word for ‘rain’,
namely the word angar from Sidi Ifni?8. If popular etymology made from
Lancilotto a Lanzarote because of a word for ‘rain’, phonetically related to
angar, then the indigenous name of the island must have had something
to do with ‘rain’. Then maybe Wolfel’s ‘quick running’ has to do with
the rains of Lanzarote, that are really quicker and more violent even
to-day than for instance on Gran Canaria. (Sidi Ifni ‘to rain’ = £kat.)
One good rain on Lanzarote, which splashes onto the large water gathering
areas, may fill the cistern for months. So this little synopsis for Lanzarote
may concern us a bit more, that it was the ancient Pluvialia®.

In the synopsis for Fuerteventura there may be a relationship between
the indigenous name Mahorata and the Latin Capraria. For the maho, the
goat-shoe, from which the island’s name is a derivation, was made from
goat-skin (‘de los cueros de las cabras’ says Abreu Galindo®). So maybe
Capraria meant ‘isle of the people with goat-skin-shoes’. The names
erbane/albanye seem to come from an Italic-Celtic-Liguric stratum, from
which also came Albion for ‘Britain’ and the Galic name for Scotland,
Alba®*2 whilst Fuerteventura seems to come from ‘strong wind’3!. (Spanish
ventura, ‘luck’, has to be a secondary meaning). But as Mahorata possibly
was only the name of the southern part of Fuerteventura and as until
to-day the Mahoreros are also the inhabitants of Lanzarote as well as
those of Fuerteventura, we can suppose that derivations from the word
for skin shoe, maho, came from inhabitants of other islands, who must
have used other kinds of shoes. So as a name for the island, given by the
inhabitants, remains Erbane[Albanye, coming from a Mediterranian-
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Atlantic stratum and meaning ‘high place’. And Fuerteventura really is,
in the words of the geologist Hans Hausen, ‘an island of mountains as
well, but these are of middle heights3?’.

According to Pliny3? it seems that Lanzarote and Fuerteventura (and
maybe also the small islands near them) were the Purpureae insulae. But
Alonso de Palencia tells us, that the ‘barbaric kings’ of Planasia (without
any doubt Tenerife) sometimes met sailors and gave them dye-plants in
exchange for ‘miserable things of ours’%. (And Alonso de Palencia knew,
as Juan Alvarez Delgado proved with documents35, the early notes of
the author and bishop Alonso de Cartagena, born about 1384, with all
details). So the sporadic trade with dye-plants from the Canaries was not
confined to the Eastern islands. Johanna Schmidt even had arguments for
the ascertainment that the Canaries were a Phoenician ‘purple-colony’
and that the name Canariae Insulae came from the Phoenician purple-dyer,
the Canaanites3®.

As we have to speak now of Gran Canaria, we can discuss here possible
relations between the word Canaria and plant-names. Many authors
bring the word in relation to cafia dulce, the sugar-cane, but the meaning
of the Spanish word cafia (Latin canna) was ‘reed’, before the sugar-cane
came from America. So if there is a relation between Canaria and canna|
cafia, we have to think of reed, and maybe of the people with reed-bundle-
boats3?, well known from North-West-Africa. Pliny speaks of a tribe in
present Rio de Oro, called Canarii3%. Maybe they had reed-bundle-boats
and some of them came to the Canaries and had to stay there, because
these boats can be used only two months. If in this time the islands had
no reeds, the poor people would have been involuntary prisoners.

A plant-name, coming from the old Canarians, is alicaneja (Anchusa
and Cynoglossum, Boraginaceae)3®. As I could show in my paper about
Old Canarian plant-names?® it is not an original Old Canarian name, for
it is used also in Spain (and the nomenclature of the botanists knows
Alkanna, Boraginaceae). But the plant was used in the Canaries for dying
or painting the body (like the possibly related Arabic Alhinna). So we
have here a relationship between the meaning ‘dye’ or ‘paint’ and a word
with the root — can —. (If ali- has to do with the Berberic word ali!, we
could in the botanist’s Latin say Caneja pendula (ali = to be swinging)).
So we would have the relation: Canaria — Caneja — ‘painting plant’.
(Canaan, the old name for Palestine, is mostly, though not proved, trans-
lated as ‘land of the purple’.)*2

As according to Dominik Josef Wolfel the name Canariae insulae is
already early testified (by the African writer Anobius, who died about
330 AD) we can think of a very old African inheritance. And as the
Canaanites were great sailors, who came as far as Spain, why shouldn’t
they have come to North-West-Africa also? D. J. Wolfel, citing A.
Herrmann, says in his Torriani-edition, that the main part of the in-
habitants of North-West-Africa from Marocco to Tunis were called
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Canaan after the son of Ham (Genesis 10) and that Noah according to the
Bible was against the occupying of Palestine. In texts outside the Bible
we find in Augustin’s letters the Chenani in the hinterland of Carthago,
and the Arabic geographer Ibn Khaldun says, the Berbers are the sons
of Hanaan®®. Maybe the Canarii of Pliny in northern Rio de Oro
are descendents of Y32 (Kan'n) and the old Canarians descendents of
these descendents, for the paralleles between Old Canarian words and
those of Sidi Ifni are really astonishing.

For the indigenous name of Gran Canaria, 7amaran| Tamoran, we have
the word still used today for a ripe sweet date or a date-bunch: tamara.
Berberic parallels for the meaning ‘date’ are lacking. We only have
Arabic parallels like tamr, ‘ripe dried date’, tdmir|tdmra, ‘date’, tamar,
‘fruit’, and maybe an older meaning in Hebrew ¢dmer, ‘palmtree, column’.
Wolfel says?t, we have to eliminate the word tamara from the list of
indigenous Old Canarian words, because the word is known in Spain
also. But in all my Spanish dictionaries the first meaning of the word is
‘palmera de Canarias’. May-be the Arabs brought this word to both
places, Spain and the Canaries, for Arabs seem to have been very early
on the islands. Sabin Berthelot tells us, that in 999 AD a certain Ben-
Farroukh came to Gando on Gran Canaria, where he found Arabic
speaking people, living in harmony with the indigenous population®s.
So why shouldn’t this word with the meaning ‘date’ come from the Arabs?
But the interesting thing is that the old meaning for the word tamaran as
island’s name, ‘brave’ or maybe ‘isle of the braves’, has berberic parallels
like taman?®, ‘valor, precios de las cosas’, tamdra, ‘force, puissance d’action,
personne considerable’4”. Furthermore many Berberic languages are
called Tamashag, Tamahaqor Tamagirg and a berberic word for ‘indigenous’
is u tamagirt, pl. ait tamagirt*s. Probably the group of Berberic people, who
call themselves or their languages u tamagirt etc. were related with palm-
trees, Hebrew fdmer, and had the palm-tree as symbol for braveness and
value®”. But then the meaning ‘date’ or ‘date-palm-tree’ is a younger
meaning, that came through Arabs to Spain as well as to the Canaries.
(In the Bible, Gen. 38, Tamar is the daughter-in-law of Juda, first
married to Ger, then to Onan.)

In any case the old name Tamaran| Tamoran has definite relations with
a group of Berberic people from Africa. (The root tama- means in Berberic
languages ‘coast’, ‘shore’, ‘border’, ‘edge’.)

The name Tebicena® for Gran Canaria is only given by Leonardo
Torriani. Tebicena was a kind of demonic dog, and we find — as mostly — a
parallel in Sidi Ifni: tabelbugt, ‘little fat dog’5!. But as Torriani believed,
that Canaria came from canis he may have searched for an indigenous word
for ‘dog’ and made from this the island’s name.

The name of the island of Tenerife (in some European languages
called — nobody knows why — Teneriffa)®2 is the modern form of one of the
indigenous names. The islanders themselves seem to have called their
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island approximately chinechi or — with prefixed a- — achinech. The name,
given by the inhabitants of other islands, is the name, that evolved to
Tenerife, in the eldest known form Tenerefiz with the explanation: ‘island
of the hell’53.

For chinechi|achinech 1 believe, as does Georges Marcy also?4, that it has
to do with the same thing as the name tamaran/tamoran for Gran Canaria,
namely with the date, in Sidi Ifni #ynit55. (It is known and well proved
by Wolfel that ¢ in Tenerife was often palatalized to cA.) But I am not sure,
as Marcy is, that the island’s Latin name Jumonia is an interpretatio
Romana for the Berberic/Punic Tanit, goddess of the date-palm-tree, and
meant Tenerife. As we have seen, also the indigenous name of Canaria
seems to be related to ‘date’, and the oldest meaning of Berberic Tanit/
Tinnit must have been only a personification of the date-palm-tree in a
wide-spread tradition.

For Tenerefiz, testified already about 1350 or earlier from a Spanish
Franciscan, in later forms Tinerfe, Tenirfe etc., the oldest explanation is
‘snow-mountain’. But there are no Berberic words to testify this trans-
lation. Only Indoeuropean words may be related as the Latin MNivaria,
the name given to Tenerife by Pliny, from nivarius, ‘filled with snow’.
But I think it is more possible that Roman sailors made from a form like
Tenirfe a Nivarius, mingling the meaning ‘snow’ (that they saw on the
Pico de Teide) with the indigenous name than that a hypothetic Indo-
european influence formed the very Berberic sounding word Tenerefiz,
Tinerfer, Tenirfe etc. 1 think the analysis has to be likened to that from
Abercromby ti-n-irifi/ta-n-urrif, ‘(the land) of heat, anger’, or like George
Marcy td-n-drfd, ‘la de las piedras volcanicas’ or like Wélfel, who thinks
of words as aref, ‘chauffer au moyen de pierres chaudes’ or drefei, ‘éruption,
on de bouton de chaleur’ and so on. In Sidi Ifni we have #rifi. ‘hot thirst’,
thus ta/ti-n-irifi®s.

As Juan Alvarez Delgado could show, for the sailors of the 15. century
and the beginning of the 16. c. Tenerife was ‘infierno’, ‘the hell’, and
here is really a relationship to the given analysis of Tenrefiz etc., for in
the interpretatio Christiana a ‘land of heat and anger’ is the hell.

The name for the inhabitants of Tenerife, guanchinet, guanches etc.,
nowadays often used for all inhabitants of all islands in ancient times,
was according to all primary sources only. used for the people of Tenerife,
and I think Wolfel’s analysis is right: wa-n-cinec/wi-n-cinec, ‘der von
Tenerife/die von Tenerife’. (¢ = palatalized ¢; w = w in English pro-
nounciation, Spanish often written gu (a), like Padre Ibafiez writes the
word of Sidi Ifni for ‘this (one)’, guann; and the Spanish Academy writes
for ‘Whisky’ guisquz.)

The name babilon, given to the people from Tenerife, may come from
the fact, that these people spoke (for instance with their ‘thick’ ) in the
ears of the other islanders in a stupid manner, and ‘a stupid’ is in Spanish
bobo and in a Canarian diminutive bobilin.
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Rather strange is the fact, that Alonso de Palencia calls Tenerife
Planasia (Latin planus = English plane) . I think, he mixed various things,
that he had heard from Alonso de Cartagena, namely: MNiguaria for an
‘island’ Las Palmas, but meaning the older place-name of the city of Las
Palmas, Giniguada, Niniguada, Guiniguada, meaning ‘in the same level as
the sea’ or ‘there in the same level’ %, with the Latin name Nivaria, that in
Classic Latin only can come from ‘snow’, but in Palencia’s time already
could be mixed with a Spanish word, that to-day is nivel, ‘level’. So he
made from the old name of the place of Las Palmas Gui-niguada the name
MNiguaria and gave it to the island La Palma, and the meaning of ‘plane’ or
‘in the same level’ he gave to Tenerife in the word Planasia.

The name, given by some sailors to Tenerife, jiroteror, seems to me a
Spanish compositum or from jirén, ‘rag’, and tirar, ‘throw’ (thus meaning
the eruptive Pico de Teide) or from jira, a kind of outing, and terror,
‘terror’, thus ‘terrific outing’, namely to a dangerous volcanic island.

In La Palma we meet for the third time the meaning ‘palm-tree’.
Leonardo Torriani says about the island’s name: ‘Palma, for the lots of
palm-trees so named ...” And later: “This island was by the old inhabit-
ants (gli antichi palmesi ) called Benahorare, that is fatherland (patria ) and
then Funonia Mayor (Giunonia maggiore) either because some Romans,
as Pliny tells, here in a temple sacrificed to Juno, or because she was
discovered by a Funius or because of the green of the woods ...’% The
here named Funonia comes from Pliny. Georges Marcy located it, as we
saw, on Tenerife. Another author, Attilio Gaudio®!, locates it on Lanza-
rote, because Pliny’s name is, according to Marcy, a translation of
Thanit and must have come from the Carthaganian colony Cerné, to-day
Saguia-el-Hamra, to which Lanzarote is the next island. But the identi-
fication Cerné = Saguia-el-Hamra is not proved with absolute certainty,
and if the Carthagian brothers Hanno and Himilcon came to the Canaries,
they surely saw not only Lanzarote. The only sign for a possible visit
from Carthage or its colonies, the inscription of Anaga, written probably
in one of these degenerated scripts by colonizers of Carthago, was found
on Tenerife.

The most interesting thing in relation with Funonia is the temple. La
Palma had, as far as we know, no temples, but pyramids®2. ‘Temples’
we know from Gran Canaria, one with a stone-statue of a naked man
with a ‘ball’ in his hand, which was brought to Lisbon®? and still may
be there, the other with a naked woman and a he-goat ready for copu-
lation®. But in a temple with a man you cannot pray to Juno, and a
he-goat is not typical for Juno. Fuerteventura had a labyrinth-temple
with a figure ‘in human form’, as Torriani says, and Fuerteventura also.
But in the drawing of Torriani® there seem to lack as well a penis also
breasts. So maybe it was an androgyne figure, also not qualified for
praying to Juno.

The only feminine deities of the Canaries seem to have been Torrianis
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armaxes guaiaxiraxi®s, probably a canarisized name for the Christian
Maria as mother of god, and from Hierro a kind of ‘mother of offspring’,
called Monetba®8, that remains more — even phonetically — on the Roman
Bona Dea, that was worshiped — like Moneiba also — only by women. So a
temple cannot help us to identify Funonia. Also the worshiping of a deity
like Tanit is until to-day not known, nor the worshiping of palm-trees.
The only ‘holy’ tree from Hierro is not a palm-tree, but Ocotea foetens, and
its name, Garoe, is not related to a Berberic word for (date)-palm-tree
like Tiynit. So, if Pliny does not mingle names from different croniclers,
who gave different names to the same islands, we only can hope, that, if
the other Latin names are identified, funonia Mayor and Funonia Minor
can only be the names of the lacking islands La Palma, Gomera and Hierro.
And as La Palma is the biggest of the three, it has to be Funonia Mayor.

With the indigenous name of La Palma, Benahoare (Torrianis Bena-
horare seems according to Wolfel an error) there was some confusion,
because George Glas related it to the Berberic tribe of the Hawara and its
Arabic name-form Beni Hawara. Many authors followed him and brought
new confusion with Indoeuropean endings. Wolfel seemed to clear the
scene. But as we shall see, there are reasons for an offspring of the name
from a tribe.

For the meaning of Benahoare, from the croniclers given as ‘patria, mi
patria, mi tierra’®?, Berberic parallels are lacking. Also Padre Ibafiez’
dictionary of the dialect of Sidi Ifni gives no help. Wolfel attempts to
analyse from quebehiera from Tenerife (‘his/your highness’) a possessive-
affix -hiera, and from many geographical names such as benchijigua and
others beni/bena- as ‘land/region of ...’, thus together something like ‘land
of mine/ours’, but for the possessive element he himself has doubts, and
for ben- or bena- with the meaning ‘land/region of” there seems to be no
parallel in semitic, hamitic or indoeuropean languages. Place-names in
Morocco are: Béni Mellal in Central Morocco, and a bit more western
Ben Guerir. A tribe of a ‘pure hamitic stock’, to-day living in Eritrea, are
the Beni > Amer, ascendents of the Beja, a ‘group of nomadic tribes occu-
pying, since 4.000 BC or earlier, the mountain country between the Red
Sea and the Nile and Atbara rivers from the latitude of Aswan to the
Eritrean plateau’®. (But probably all these words have to do with the
semitic word like Hebrew bén, ‘son’.)

It seems, that the relation between Benahoare and a tribe’s name is
more probable than an analysis ‘my fatherland’ or something similar.

Gomera, as next to La Palma Junonia Minor, if La Palma is Funonia
Mayor, seems to have had always the same name, since Europeans heard
of it. The first delivered form, about 1350, is gommaria. Wolfel doubts,
that it is a Berberic name®. But of the parallels that he gives by way of
trial is egmer, ‘chasser’, and again we find in Sidi Ifni a phonetically much
nearer form to gomera, namely gumer|/gummar, ‘to hunt’®. Unfortunately
the Gomer of the bible in Gen. 10, often called as forefather of the people
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of Gomera, is only a cousin of the great hunter, for Nimrod is the son of
Chus and Chus is the son of Ham, the uncle of Gomer. So from the bible
comes no help for the meaning ‘to hunt’. (Only the prostitute Gomer,
wife of Hosea, maybe related to the meaning in the form ‘hunting men’.)
George Marcy™ relates Gomera to the Gmara, Berbers of the western Rif,
but has no explanation for their name, that is, according to him, the
arabized form of an elder Berberic word with unknown meaning. So we
only can listen to Leonardo Torriani, who says, that the Gomerians were
very dexterous in throwing stones with their hands and spears with
fire-harded points. The children had very early to learn to dodge from
thrown clay-balls and later from spears?2. This reminds us of a hunting-
people, so that again Padre Ibafiez from Sidi Ifni was the helper in finding
a (in this case forgotten) meaning.

Speaking of the name of the last island, with the indigenous name of
Esero, then Fero or Fierro, later Ferro and to-day Hierro, we have to re-
member, that in many languages strongness, also of mind, is expressed
with a ‘material’ adjective like ‘wooden’, ‘steely’ etc. A strong man in
Yugoslavia is of ‘bosanski drvo’, from ‘Bosnian wood’. Adolf Hitler used
to satiety the phrase ‘eherner Wille’, ‘determination of ore’, (in which the
old meaning for ehern, ‘of ore’ is already widely unknown in Germany).

Now to the indigenous name Esero seems to have happened this: It
meant in the Old Canarian languag(es) as well ‘strong’ also ‘rock’ or
‘strong rocky place’. And as metal was unknown on the Canaries the
word never lost its relation to ‘rock’. But for the Illyrers, Celts and Old
Germans a related word changed into the meaning ‘ofiron’. The Canarian
meaning of a ‘strong stony place’ as Esero has in the Gallic fortress-name
Isar-nodori a relation (and thus for the speaker association) to ‘iron’. So
maybe a Gallo-Roman or a Celt-Iberer, maybe one of the sailors of
Sertorius, heard the name Esero, perhaps explained in sign language with
the fist, related it to names like Isarnodori and thus also to ‘iron’ and told:
“The indigenous people call their island iron or of iron’. With the changing
of the word for ‘iron’ changed the word for the island until to the present
name Hierro, the modern Spanish word for ‘iron’. Wolfel says: ‘All
nations have understood the word as ‘iron’.”

But unfortunately Ptolemy called one island Hero, and on Hierro there
was another word hero with the meaning ‘cistern’ and a plural Aeres, still
used to-day on Tenerife with mute 4, ‘cisterns’. So there came a confusion
between the meanings ‘rock’, misunderstood as ‘iron’, and the meaning
‘cistern’. I think, Alvarez Delgado is right, when he says, that the
meaning ‘cistern’ (or related meanings) is not an accounting for ex-
plaining the name of the island .

Ptolemy’s Hero may come from the Greek izpéc, that means ‘strong’,
but also ‘holy’. Then we have to think of one of the most confusing texts
of ancient geography, the ‘Ora Maritima’ of Rufus Festus Avienus?>.
He tells us, that people in ‘sewed’ boats of skin came from Oestrymnis
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(located by many authors in many places, also in North-West-Africa)
to the holy island in two days, where there lived the gens hiernorum, thus
‘Hiernons’ and where there was nearby an ‘insula albionum’, that
theoretically may be Albanye = Fuerteventura. But I think, from the
Greek word for ‘holy’ you can make gens hiernorum wherever you want to,
and as locations with Alb- are widespread in the Atlantic area, also other
islands will have an island nearby, whichs name begins with A/5-. So we
only can state, that, if Ptolemy’s Hero?® comes from tepog, it has with the
indigenous name Esero together, besides other meanings, the meaning
‘strong’. And we can, for the much discussed question of how the first
people came to the Canaries, after having thought about reed-bundle-
boats, now also think about ‘sewed’ boats of skin.

Summary

There is no evidence, that the Elysian fields, Homers Elysion pedion, nor
the islands of the Cyclops, nor the Gorgones and the Hesperides were located
from the beginning on to the Canary Islands. But it is possible that these
traditions were influenced by the Phoenicians, sent from Pharao Nekos
around Africa, and from Hanno and his brother from Carthage, who
may have seen the Canaries and mixed, what they had seen, with the
old stories. An evidence for the presence of Carthaginians may be the
inscription of Anaga, Tenerife. If there is an expert for scripts of Car-
thaginian colonizers, he might read the text and tell us, who came to
Tenerife.

When the old tradition from Islands of Gyclops with wild growing plants
and fruits was seen by a new highly cultivated generation, the barbaric
character of the islands turned into a kind of paradise, the Happy Islands,
and from now on news from the Canaries always seem to have influenced
texts about happy islands, as to be seen in the tradition Vergil-Horace-
Ovid-Tasso. The first evidence for the name of the archipelago of to-day
is Canariae Insulae from the African writer Anobius (1 + 330 AD). The
name may have to do with the Canaanites, who according to Procopius”?
were in the present Tanger and engraved there an inscription into two
gigantic columns. Maybe that the tribe of the ancient Canarii in South
Morocco or northern Rio de Oro is related as well to the Canaanites as
also to the Canaries. Cana- may be related to reed or to a dye plant, and
the Canaanites were dyers. The only relation, that is very doubtful,
is to-day’s most popular relation with canis, ‘dog’.

The name Eternal Islands, given from Arabian writers to the Canaries,
must come from Oriental traditions.

For the names of the single islands it seems to me, though I cannot
prove it beyond any doubt, that Lanzarote was the Ombrios|Pluvialia of
Pliny, Fuerteventura Pliny’s Capraria, Tenerife the Nivaria of Pliny, Canaria
always Canaria, La Palma Pliny’s Junonia Mayor and Gomera Funonia
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Minor. Hierro may have been Ptolemy’s, Heras nesos. But this is doubtful.

The indigenous names Tamaran for Gran Canaria, and Chinechi|
Achinech for Tenerife seem to be related to ‘date’ or ‘date-palm-tree’ as
La Palma also and even in the name Jfunonia, if Juno stands as Roman
form for the Berberic/Punic date-palm-goddess 7anit. But there is until
to-day no evidence for the cult of date-palm-trees or of a deity like Tanit
on the Canaries. Only one trace may be found, namely the notice by
Torriani that from the Old Canarians a woman was highly praised, who
invented the sewing of ‘la tela tessuta di tenere fogli di Palma’, thus
woven textile from soft palm-leaves?8. But this is a very far connection to
a Tamit-cult.

The name Makhorata for Fuerteventura, related to the Mahoreros,
inhabitants of Fuerteventura and Lanzarote, is related also to Capraria,
the goat-island, for maho were the goat-skin-shoes. This name for one
island and the inhabitants of two islands must have come from other
islands because of the shoes, that seemed strange for the other islanders.
The name Erbane/Albanye must be related to Celtic, Liguric, Italic
place-names, beginning with A/b- and probably meaning ‘high place’.

It is not proved, that the name Tenerife (from its oldest known form
Tenerefiz until to the form of to-day) means ‘snow-mountain’. More
likely it is related to meanings like ‘(the land) of heat, anger’ or similar
and probably the interpretatio Christiana made from this meaning the
translation ‘hell’.

For the indigenous name of La Palma, Benahoare, is the given meaning
‘my homeland’. But one cannot make sure of this meaning in relation to
Berberic languages without many doubts. Only a very distant relationship
Indoeur. u-n-, ‘to dwell’, Semitic y-u-n-, Hebrew zan, ‘dwelled’, mazan,
‘dwelling place’, may be hidden in Kushitic-Berberic tribe-names. So
perhaps the first people of La Palma were from one of these tribes and
knew through oral tradition this very old meaning.

That the name Gomera comes from a Berberic word for ‘to hunt’ can be
supported by the word gumer/gummar, ‘to hunt’ from Sidi Ifni and from
hunter’s customs of the Gomerians, described by Leonardo Torriani.
But this old meaning may be hidden also in a tribe’s name, related to the
Gmara, Berbers of the western Rif.

The name for the last inhabited island of ancient times, to-day Hierro,
changed from the meaning ‘rock(y)’ to ‘of iron’, but had besides always
the figurative meaning ‘strong’, that we can find also in the Greek word
‘strong, holy’, maybe related to an island’s name Heras nesos by Ptolemy.
In the Canaries a word hero had the meaning ‘cistern’.

Names given to things, even to islands, by men, are related to reality
only through the brains and tongues of men, who may misunderstand,
make mistakes or even lie. This is the difficulty of relating words to
things, as I have tried to do between old and new names and seven
islands in the Atlantic Sea.
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people of the above cited inscription. But both begin: ‘We are the sons of ...’
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Fig. 6. The Phoenician-Canaanite inscription from Paraiba, Brasil, according to
Ladislau Netto, published by Gordon, ‘Orientalia’, 37, p. 77:

B64NR 0gNml oy b iy g (4R

HYRhAGadlnh 6K pod AnR LANBJonbyR6Y
BN/b 6o7h7>2l,‘€:>$l4a6bl,>ﬂ Mb)x‘agwmtlno‘eb
hibn/Y6N b Kok adaniin% 664391 B hi6V
hikihnoH hiv 6o&rhiLhi ook X {Nyonb 1/
woiNhlyémby ymodhonbyjghh hih 122 6

§RR G20 N B AR HVolhbng bhosk bl
(H;&QLMot,Lmvl,mwww? h'zgb YmiA

The transcription and Spanish translation by Federico Pérez Castro:

1) nhn’ bn kn‘n msdn mhqrt hmlk shr hslak-

2) n’°’l’y z rhqt ’rs hrm wnst bhr 1'lywnm

3) w'lywnt bint t§°t wrt lhrm mlkn’ *br

4) wnhlk m‘sywn gbr bym sf wnns® ‘m ‘nyt ‘¥rt
5) wnhyh bym yhdw $tm $nm sbb I’rs lhm wnbdl
6) myd b‘l1wl’ nh °t hbrn’ wnb’ hlm $nm ‘sr

7) mtm wilit n¥m b’y hdt ’§ *nky mt ‘§rt *br-

8) h blt y’ ‘lywnm w’lynt yhnn’

1) «Somos hijos de Canaan, de Sidén, la ciudad del rey. El comercio arroj6- 2) nos a
esta lejana ribera, un pais de montafias. Pusimos (= sacrificamos) un joven a los
excelsos dioses 3) y diosas en el afio diecinueve de Hiram, nuestro poderoso rey. 4)
Partimos de Elyon-Geber por el Mar Rojo y viajamos con diez barcos. 5) Estuvimos
juntos en el mar dos afios alrededor del pais perteneciente a Hlam (= Africa), pero
fuimos separados 6) por la mano de Ba’al (= ;una tormenta?) y no estuvimos [ya
mas] con nuestros compafieros. Asi hemos venido aqui doce 7) hombres y tres mujeres,
2 una costa que yo, el almirante, domino. 8) Pero jquieran dioses y diosas favorecernos!».

English version of the Spanish translation:

1) ‘We are sons of Canaan, from Sidon, the city of the king. The commerce threw

2) us to this far shore, a country of mountains. We sacrificed a young (man) to the
high gods

3) and goddesses in the year 19 of Hiram, our mighty King

4) We set out from Elyon-Geber through the Red Sea and travelled with ten vessels.
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5)
6)

78.

We have been together two years in the sea in the region of the country belonging
to Ham (Africa), but we were separated

by the hand of Ba’al (a thunderstorm?) and did not stay (more) with our com-
panions. So we came here as twelve

men and three woman, to a shore whom I, the admiral, rule over.

But may the gods and goddesses take care of us’.

Then one group says ‘Canaar’, the other ‘Joshua’, successor of Moses and con-
querer of Canaan. If this beginning is a conventionalization, related to Canaan,
it would be interesting, if the inscription from Anaga, Tenerife, begins in the same
way. But, unfortunately, until today nobody was able to read the inscription.
Arabian historians like ET-Taberi and Es-Souli, cited in Ibn Khaldoun, ‘Histoire
des Berberes’, Paris, 1968, vol. I, p. 175 f,, speak from a Canaanite origin of
the Berberic people.

Torriani/Wélfel, op. cit., p. 116/117.
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IV. THE GEOLOGY OF THE CANARY ISLANDS?
by
HANS-ULRICH SCHMINCKE

Introduction

The Canary Islands, built on the continental rise and slope (Figs. 1, 2), are
one of the major volcanic island chains in the oceans. There is hardly
another group of volcanic islands in the world, neither the Azores nor the
Hawaiian islands, with such long histories of eruptions (Fig. 3) — spanning
20 or more Ma? on some individual islands — and such an enormous
variety of volcanic and plutonic rocks. Moreover, the magnificent
outcrops on the leeward sides of the islands, due to low rainfall, scant or
absent vegetation, and deep canyons, make the islands especially ap-
pealing to the earth scientist. No wonder, therefore, that the geology of

Fig. 2. Bathymetry of the Atlantic ocean basin in the vicinity of the Canary Islands.
Contour intervals 500 meters. From Bosshard & MacFarlane (1970).

1 Much of this review was written in 1970 but additions were made up to 1974.
? Ma = Million years.
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the Canary Islands has been studied by many geologists, beginning with
Leopold von Buch (1825) 150 years ago. Yet, most work is of recon-
naissance type, or consists of petrographic studies of samples collected by
somebody else. Hartung’s studies on Lanzarote and Fuerteventura (1857)
and those by Fritsch & Reiss (1867) on Tenerife are more comprehensive
classic works, and still informative. Hernandez-Pachecos’ publications on
Lanzarote (1910) and Navarro’s on Gomera (1918), are important
contributions in the first half of this century. A modern series of mono-
graphs started with Bourcart & Jeremine (1937, 1938) on Gran Canaria
and Fuerteventura. Madame Jeremine’s petrographic and petrochemical
studies in the thirties are exceptionally lucid and thorough. Hausen
(1956-1973) published extensive monographs on each of the larger
islands, summarizing, in English, the state of knowledge up to that time.
Save for the description of individual localities, these are superseded in
many respects by more modern monographs on Fuerteventura, Lanzarote,
Gran Canaria, and Tenerife, each with a colored geologic map (1:100000)
by Fuster and co-workers (1968a—d). The same group of investigators is
currently mapping all of the Canary islands at the scale of 1:50 000 — maps
of Fuerteventura, Lanzarote, and Tenerife have already appeared — and
is also publishing papers on many aspects of Canarian geology and
petrology. Petrologic and geologic studies on igneous rocks from Gran
Canaria are conducted by Schmincke and co-workers (1965 to present)
and Borley and co-workers have published several detailed petrologic
studies on rocks from Tenerife (e.g. Ridley 1970). Geophysical studies
were conducted by MacFarlane and by Bosshard & Dash and paleo-
magnetic and absolute age studies by Watkins and associates. Sediment-
ary rocks and unconsolidated sediments on and off the eastern islands are
being investigated by Miiller and co-workers (Miiller 1964; Miiller &
Tietz 1966; Rothe 1968a, b; Tietz 1969; Miiller 1969) and on Gran
Canaria by Lietz (1973). A summary of the results of ten years of co-
operative work between zoologists, botanists and geologists has recently
been published (Evers et al. 1970).

This report is divided into two parts. The first part covers two main
aspects:

At first, some general ideas on the origin of the Canary Islands are
reviewed. This is the most speculative section of the paper. It is followed
by a description of the main rock types, principally volcanic, as they
appear in the field and as they are characterized by their chemical
compositions. Fossil flora and fauna is also briefly treated here.

The second part is a description of the geology of individual islands,
proceeding, for each island, stratigraphically, that is from the oldest to
the youngest formations. For most islands, information is culled from
the literature, especially from the modern series of monographs by Fuster
and co-workers. The geology of Gran Canaria, however, is treated in
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much more detail because this is the island I know best; this chapter also
contains a large amount of previously unpublished information.

GENERAL PROBLEMS

Introduction

The proximity of the Canary Islands to the African continent (about
100 km) (Figs. 1, 2) has stimulated the imagination of most geologists
who have worked on the islands, and particularly many of those who
have vacationed there. Nearly every paper has something to say on the
origin of the Canary Islands, based on radiometric ages, inter-island
correlations, mineralogical and chemical composition of rocks, and on
structural trends. The idea that the Canarian islands may have been
the site of mythical Atlantis has been an especially controversial issue
triggering an impressive volume of papers on the subject. Yet this
problem is really one of ‘parascience’. If there ever has been a real place for
Plato’s Atlantis, it was probably the volcanic island of Santorini in the
Aegean sea, as described in several recent books (see e.g. the popular
account by Luce 1969). Much of the profuse literature on the Canaries
and Atlantis is reviewed by Lundblad (1947) to which the reader is
referred for more detailed discussions.

These speculations were commonly made in the context of an entirely
geological problem: were the Canary Islands once a continuous landmass
or did they form as independent islands? Was this hypothetical landmass
or any of the islands ever connected to Africa?

Other general problems concern the age of individual islands, of the
archipelago as a whole, the location of the island group and the geo-
dynamic causes for their formation and long histories, the interpretation
of the basal complexes occurring on many islands, the interpretation of
all facets of Canarian geology in the light of plate tectonics and many
others. None of these problems is solved as yet and partial answers come
from various geological disciplines. In the present account only some of
these will be discussed more fully. Emphasis is on the general geologic
and petrologic problems.

Age of the Canary Islands

There have been many speculations in the past on the age of the Canary
Islands and ages as old as Paleozoic were discussed up to very recently
(Macau Vilar 1963).

Nothing is known about the age of the large submarine parts of any of
the islands. Considering that the ocean floor around the Canary Islands
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Fig. 4. Position of the Canary Islands with respect to the Atlantis fracture zone system
(diagonal lines trending W-NW). Ages of the oceanic crust are tentative. Numbered
lines and ‘K’- and ‘J’-series are identified remanent magnetic anomalies. From Rona &
Fleming (1973, Fig. 2).

is about 180 Ma, according to magnetic lineations, the islands apparently
are much younger structures (Fig. 4).

While the oldest sedimentary rocks known are Cretaceous in age
according to paleontological evidence (Rothe 1968a), no igneous rocks
older than about 35 Ma are known so far (Abdel Monem et al. 1971,
1972; Rona & Nalwalk 1970).

Luyendyk & Bunce (1973, p. 545) postulate that volcanic activity in
the area of the Canaries began at least in the late Cretaceous; they
tentatively identified acoustically stratified sections in reflection profiles
of the oceanic bottom sediments in the area as volcanic detritus derived
from the Canaries.

A more detailed study of the Cretaceous rocks on Fuerteventura
— which is badly needed — should provide unequivocal evidence on this
point. Available data suggest that volcanic activity did not start prior to
the Oligocene. The ultramafic to mafic plutonic rocks on some islands
are thought to be pre-Cretaceous in age (e.g. Cendrero 1971) but there
is no evidence to substantiate this interpretation.

The studies of Abdel Monem, Watkins and Gast have provided very
valuable potassium-argon and paleomagnetic data establishing an age
framework for most islands (Fig. 3). However, owing to incomplete
geologic knowledge of most islands, stratigraphic control of many of
these data is not precise, and a number of important formations remain
undated. Recently the number of K/Ar-dates has been tripled for Gran
Canaria (Lietz & Schmincke 1975; McDougall, unpublished (fig. 3)).

Most islands are made up dominantly of one or more main basaltic
shield volcano (the ‘tableland series’ of Hausen) (Fig. 3) —in some islands
underlain by a ‘basement complex’ (see below). These are followed by
several younger episodes of volcanic activity, generally from more
centralized volcanic structures producing less voluminuous material but
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containing a larger amount of differentiated rocks. Hausen (1958 to 1973)
postulated that the basaltic lavas of his tableland series were erupted
roughly at the same time producing a continuous microcontinent, later
disrupted by tectonic fracturing. Schmincke (1967a) showed that Gran
Canaria was built up as an individual volcanic structure. This theory
questioned Hausen’s model of a once continuous ‘tableland’ but it did
not pertain to the problem of synchronous activity of the shield-building
lavas in the islands.

The potassium-argon dates by Abdel-Monem et al. (1971, 1972) on the
shield-building lavas seem to prove that the shields on the different
islands did not form at the same time. On the other hand, the large spread
of the ages of the shield-building lavas indicated to Abdel-Monem et al.
that the periods of activity for the shields was overlapping on different
islands, as shown by the following data, single ages being shown in
parenthesis: Fuerteventura 12 to 17 Ma (20), Lanzarote 5 to 11 Ma (19),
Gran Canaria 10 to 16 Ma, Tenerife 5 to 7 Ma (16), Gomera 8 to 12 Ma
(Fig. 3). However, recent potassium-argon determinations of some 10
samples of the Miocene shield basalts on Gran Canaria showed that all
are in the age bracket of 13.5 to 14 Ma (McDougall, unpublished) (Fig. 3).
This is more consistent with geologic evidence suggesting rapid build-up
of the shields, at least for Gran Canaria. Neglecting the single old dates
for some islands, it appears that the shields on Gran Canaria and Fuerte-
ventura are the oldest (Middle Miocene), those of Gomera and Lanzarote
are formed in the Upper Miocene while that of Tenerife is the youngest
and partly formed in the lower Pliocene (the boundary Miocene-Pliocene
being taken as 5 Ma) (Fig. 3). The relatively small number of deter-
minations and the generally somewhat altered nature of these basalts,
however, does not permit a more precise statement. Thus all shields
(except that of Hierro which is Pliocene, Abdel-Monem et al. 1972) are
Miocene in age, but formed in quite different parts of the Miocene.
Clearly, these shields need to be restudied in some detail.

The shield-building phase is followed in practically all islands by a
large erosional hiatus lasting about 3 to 5 Ma, judging from the still
meagre data of Abdel-Monem et al. (1971, 1972) (Fig. 3). The duration
of this erosional gap is of some importance in establishing boundary
conditions for magma generating processes. The duration of this gap may
decrease from east to west.

Historic volcanic eruptions occurred on Lanzarote (1730, 1824),
Tenerife (1704, 1705, 1706, 1798, 1909), and La Palma (1585, 1646,
1677, 1712, 1949, 1971). Prehistoric eruptions have been dated from
Gran Canaria (3075 + 50 B.P.) (Nogales & Schmincke 1969) and Hierro
(2900 + 130 B.P.) (Hausen 1973) and the youngest eruptions on Fuerte-
ventura are probably not much older judging from their well preserved
surface features. Thus, the entire Canarian archipelago can be considered
as an active volcanic area. In fact, the Canaries are the most active
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volcanic island group among Atlantic oceanic islands, apart from Iceland
and the Azores.

Faults

The present discussion is concerned with faults on land. For evidence of
off shore faults see e.g. Bosshard & MacFarlane (1970) and Beck &
Lehner (1974).

For many years, major faults were postulated on and between the
islands. Bourcart (in Bourcart & Jeremine 1937) e.g. ‘described’ major
faults on Gran Canaria, some with vertical displacements up to 700 m.
Hausen (1956-1962), following up many of the earlier ideas (e.g. Gagel
1910), postulated many large faults oriented along the ‘Atlas structural
trend’ which he thought fractured a microcontinent encompassing the
entire archipelago and along which crustal blocks between the islands
had foundered. Lotze (1971) speculated about Alpine type folding in the
center of Gran Canaria based on earlier ideas held by Hausen (1962).
The presence of these faults was generally accepted (even as late as 1970
by Bosshard & MacFarlane).

However, most of these faults are not present as shown by field evidence
(Schmincke 1968, 1971a, b). The reasons for postulating the faults are
manyfold, for example: volcanic terrains with a long history of alternating
periods of eruption and erosion develop complex field relationships to be
resolved only by detailed field examination. Deep canyons, cut entirely
by erosion, commonly persist throughout the geologic history of an
island. Marine erosion in the Canaries has preferentially attacked the
NW-sides of the islands, as recognized long ago (e.g. v. Fritsch 1867),
leading to skewed profiles with steep coasts in the W-NW. Finally, it was
the idea that the Canary Islands were caused or affected by the orogenic
movements in the Atlas that prompted workers to postulate faults on and
between the islands.

Those faults that do exist can generally be attributed to volcano-
tectonic processes such as caldera collapse (e.g. Schmincke & Swanson
1966) or to landsliding (Schmincke 1968) (Fig. 5).

On the other hand, there is certainly some likelihood that the fractures
along which the magma rose to build the islands and, along which, in
part, the islands themselves were moved vertically (e.g. La Palma,
Fuerteventura, La Gomera), formed in response to a regional stress-field
whose major structural trend is NNE.

Before I discuss this trend which is also evidenced by marine geo-
physical data in more detail, evidence for vertical movement on the
islands need be considered.

Coastal terraces, eustacy, and isostasy
Coastal terraces have been studied and correlated among several islands
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Fig. 5. Geologic map of the Montafia Blanca — Montafia Tirma area (San Nicolas,
Gran Canaria) showing one of the few real large faults on the Canary Islands (Modified
from Schmincke 1968a, Fig. 12).



for some time (e.g. Driscoll ef al. 1965; Lecointre et al. 1967; Klug 1968;
Lietz 1973). The basic assumption was that the islands are stable while
the sea level was fluctuating.

However, such studies on volcanic islands generally have to consider
isostatic and other vertical movements, and this factor was discussed in
more detail by Schmincke (1971a), Lietz & Schmincke (1975) and
Lietz (1975) for Gran Canaria.

Oceanic islands show a characteristic pattern of up-and-down move-
ments during their history. After a submarine phase of construction
producing mainly pillow basalts and hyaloclastites (Moore & Fiske 1969)
which may last on the order of 10 Ma (Menard 1969) the weight of
volcanic materials transferred from the mantle to the top of a growing
volcanic island may cause it to sink into the underlying crust and mantle
in order to reach isostatic equilibrium. When the volcanic activity on an
island has ended and erosion constantly transfers material from it to the
sea, the island may rise again (Moore 1970). These individual up-and-
down movements make it very difficult to correlate coastal terraces.

Lietz & Schmincke (1975) recognized and dated several transgressions
and regressions on Gran Canaria, tentatively relating some to isostatic
and other vertical movements but most to glacioeustatic causes. As to
isostatic factors, they concluded that ‘the magnitude of vertical isostatic
movements due to volcanic loading and erosional unloading is probably
a function of eruptive rates and absolute volumes, thickness of the crust
and probably also the depth of magma generation or subcrustal storage.
Furthermore, the timing of the vertical movements may be out of phase
with the loading and unloading periods because of the high viscosity of
mantle material. Because both absolute volumes and eruptive rates are
smaller by a factor of about 10 on Gran Canaria compared with Hawaii
(see above), isostatically caused vertical movements may have much
smaller magnitudes on Gran Canaria. The occurrence of arch and moat
around the Canaries makes it likely however, that vertical isostatic
movements analogous to those in Hawaii, did indeed occur’.

Eustatic changes in sea level, as recorded by terraces and marine
sediments and pillows on land and isostatic movements cannot explain,
however, the vertical movements inferred from the occurrence of lithified
and folded marine sediments of Cretaceous age on Fuerteventura and a
pillow complex several hundred meters above sea level on La Palma.

Structural trends in the Canary Islands

Structural grains in the area of the Canary Islands are generally thought
to be dominated by N, NNE, and NE and, to a lesser degree, by NW-
trends, as inferred from several lines of evidence: shape of an island such
as the NE-elongation of the eastern Canaries; orientation of faults;
orientation of dike swarms such as the NNE dike swarms on Fuerte-
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Fig. 6. Strike and main outcrop area of Miocene basaltic (altered) dikes of the basal
complex of Fuerteventura (lower part) and alignment of eruptive centers of Quaternary
age on Lanzarote (triangles = series II; circles = series III; squares = series IV)
(combined after Fuster et al. 1968a, Fig. 24; 1968b, Fig. 64). Note relationship between
major tectonic and eruptive trends and shape of islands. Differences in strike between
Fuerteventura dikes (NNE) and vent alignment on Lanzarote (NE, ENE) are pro-
nounced. On the other hand, note change in strike from NE (older series) to ENE
(historic eruptions) on Lanzarote.
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ventura (Fig. 6); alignment of cinder cones such as the NE alignment of
Quaternary to Historic cones on Lanzarote (Fig. 6), alignment of islands
such as the NE alignment of Lanzarote and Fuerteventura, the NE-align-
ment of Hierro-Gomera-Tenerife; and the WNW alignment of Gran
Canaria—Tenerife-La Palma; and seismic and gravity data (for more
detailed recent discussions see Rothe & Schmincke 1968; Bosshard &
MacFarlane 1970; Schmincke 1971a, b, 1973; Hernandez-Pacheco &
Ibarrola 1973; Lietz & Schmincke 1975). Hernandez-Pacheco & Ibarrola
(1973) called the NNE-SSW trend the ‘African trend’ in contrast to a
NW-SE ‘Atlantic trend’. The N to NE-trends are generally thought to be
a continuation of similar tectonic trends caused by Miocene deformations
in the Atlas Mountains of Africa, the W-NW-trends being thought to be
parallel to an old fracture zone (see below) (Fig. 4). To what degree this
stress field formed in response to eastward movement of the African plate,
to northward movement of the African plate relative to Europe, to
basinning of the shelf between the eastern Canaries and Africa, or to
other causes is as yet unknown.

Tectonic trends on some islands may change in time, however. For
example, dikes in the Miocene basalts of Gran Canaria show a general
radial trend (Schmincke 1968) with a strong NE component while
Pliocene Roque Nublo dikes show a pronounced N to NE alignment
(Brey 1973). Both are roughly parallel to the regional Canarian trend.
In contrast, the nephelinites and younger lavas on the island were
erupted from NW-SE trending fissures (Fig. 1 in Lietz & Schmincke
1975).

A strikingly similar 90° change in direction was noted by Jackson &
Wright (1970) between the feeder dikes for the tholeiitic shield building
and the posterosional nephelinitic lavas of Oahu. The strike of the latter
parallels the hinge area between areas of isostatic subsidence and uplift
which migrates with considerable time lag parallel to the centers of
volcanic activity in the Hawaiian chain. In other words, while the
tectonic trend of the feeder dikes of the shield building lavas may be
caused by regional factors that of the younger fissures is caused by
dynamic processes in the mantle-volcano system.

However, two other factors need to be considered: Fiske & Jackson
(1972) have recently shown that the orientation of many rifts (character-
ized by dense dike swarms) on the Hawaiian islands is due to gravitational
stresses in the apron of an older neighbouring volcano. Moreover, those
rifts that are apparently due to regional structure rather than local
gravitational stress, are oriented parallel to the general alignment of the
island chain the direction of which differs appreciably from that of the
Molokai and other prominent fracture zones in the area. Turcotte &
Oxburgh (1973) attempt to explain the orientation of fracture zones,
alignment of islands and orientation of en échelon rift zones on the islands
in the Hawaiian chain in terms of tensional stresses — thermal stresses due
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to the cooling of the lithosphere and ‘membrane stresses’ due to changes
in the radii of plate-curvature or a combination of both.

No analysis of Canarian trends has yet been published with these
local and regional factors in mind.

Oceanic versus continental nature of the Canaries

The Canaries are situated on what is commonly called a ‘passive’ ocean
margin. Such margins generally lack earthquakes and widespread
volcanism in contrast to active ocean margins (e.g. those around the
Pacific ocean) which are characterized by a deep sea trench, abundant
earthquakes, abundant volcanism, and mountain building. Thick con-
tinent-derived clastic wedges unfortunately hide the deeper structures of
passive margins. Thus the tectonic configuration of crustal blocks
probably formed by block faulting during the initial separation of the
American and African continents and particularly the exact boundary
between thick continental and thin oceanic crust are very poorly known
along these margins (Fig. 7).

The long-held views that all of the Canaries are underlain by con-
tinental crust — forming a microcontinent which many believed to
represent mythical Atlantis — does not receive support from modern
studies. Schmincke (1967a) proposed that Gran Canaria and probably
also the western Canaries are oceanic volcanicislands. Rothe & Schmincke
(1968) reviewed geologic information on the problem of continental
versus oceanic origin of the islands. They concluded that the western
islands are oceanic while the eastern islands (Fuerteventura and Lan-
zarote) are ‘continental’ in character and possibly underlain by con-
tinental crust because of quartz-bearing sedimentary rocks on Fuerte-
ventura (Rothe 1968a) and quartzite inclusions in basalts on both
eastern islands. In addition, a landbridge was postulated to have existed
between the eastern islands and Africa because of the presence of fossil
ostrich eggs on Lanzarote (Rothe 1964; Sauer & Rothe 1972). This
interpretation of the ‘continental’ nature of the eastern islands was
accepted by Dietz & Sproll (1970) who believed a reconstruction of
computer calculated precontinental drift fit showed that the eastern
Canaries had been part of the African continent but later separated
from it. Seismic and gravimetric studies in the western Canaries (Dash &
Bosshard 1968; Bosshard & MacFarlane 1970) revealed the presence
of oceanic crust in the west becoming transitional under Gran Canaria
and farther east possibly continental (Fig. 8). Seismic, magnetic and
gravimetric work by Roeser et al. (1971) shows that Lanzarote and
Fuerteventura which are separated only by a very shallow strait are
underlain by transitional type crust. In the area between these islands
and the African continent about 10000 m of sediment have accumulated.
The transitional crust beneath this through may have been once oceanic,
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Fig. 7. Schematic cross-section through the eastern Canary Islands and the adjacent
African continental margin (from Beck & Lehner 1974, Fig. 12B).
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Fig. 8. Depth of Mohorovigic discontinuity beneath the Canary Islands (from Boss-
hard & MacFarlane 1970).

changed later into a transitional type by continuous sedimentation and
simultaneous subsidence since the opening of the Atlantic (Roeser et al.
1971). Sauer & Rothe (1972) stress that the eastern islands are underlain
by continental crust and were once attached to Africa while Schmincke
(1973) interprets the occurrence of quartz-bearing marine sedimentary
rocks on Fuerteventura as evidence of Africa-derived marine sediments
later uplifted, but not necessarily as evidence for continental crust.
Gravity data for Lanzarote are more in favor of a large mafic igneous
intrusion beneath the island than of sialic crust (MacFarlane & Ridley
1969).

When all geologic evidence presently available is critically evaluated,
there is no compelling proof for the existence of continental crust beneath
the eastern Canaries.

The quartz-bearing marine sediments indicate only that some of their
components were derived from the African continent and that folding
and vertical uplift had occurred. They could have been deposited entirely
on oceanic crust. The same holds true for the quartz sandstone xenoliths
in the lavas.

The problem of landbridges can be divided into two parts:
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a. Evidence for landbridges is compelling.

In this case, three types of landbridges can be visualized: a continuous
strip of continental crust (since subsided) from Africa to the Canaries;
detachment of the eastern Canaries from Africa and westward drift; and
a volcanic landbridge.

It is difficult to see how any substantial continental landbridge, later
subsided, existed during the late Tertiary because one would expect at
least some traces of continental Africa-derived sediments interlayered
with the lavas. The ostrich eggs occur in calcarenites of a type presently
formed on many Canarian and other purely oceanic islands.

Sauer & Rothe (1972) favor the hypothesis of Dietz & Sproll (1970)
which postulated detachment of the eastern Canaries from Africa during
the Triassic or early Cenozoic. It seems difficult to decide on continental
versus volcanic landbridges using as only evidence the former existence of
flightless birds on Lanzarote (and land turtles on Tenerife!). Also, there
is no evidence at present that the eastern islands rose above sea level earlier
than the Miocene (possibly Oligocene), not taking isostatic or other
subsidence into account.

Moreover, the seismic, bathymetric, gravimetric and magnetic data by
Roeser et al. (1971); Young & Hollister (1974); and Dillon (1974)
indicate that deposition of sediments in the basin between the eastern
Canaries and the adjacent Aaiun basin along the African coast was
practically continuous from at least Early Cretaceous to Eocene. After
this time, sediments were transported from Africa across the shelf to
build the continental slope and rise. Thus, if the eastern Canaries were
detached from Africa, this must have occurred during the early stages of
the formation of the Atlantic and there is nothing at present to suggest
that the Canaries are older than Oligocene.

There is some evidence from bathymetry and positive magnetic
anomalies, in part associated with sea knolls (Roeser ef al. 1971; Dillon
1974; Hinz, pers. comm. 1974) for the existence of volcanic seamounts
east of Fuerteventura and a number of such structures also occur to the
north and northeast of Lanzarote. If these once rose above sea level and
were once so numerous as to form a continuous land connection with the
eastern Canaries, at least for a short time, they could have provided a dry
path for land animals to migrate from east to west.

b. Evidence for landbridges is not compelling.

While landbridges are certainly the least complicated transport model
for animals, they are most demanding on geology. To get around this
problem one has to invoke all sorts of transporting agencies, such as tree
rafts, to provide for transportation across some 150 km of sea. Although
the number of such agencies one can think of are usually determined by
one’s imagination and experience, to postulate a realistic transporting
vehicle for ostriches and land turtles remains a knotty problem. A
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problem that is part of an old and long-debated controversy which
cannot be fully discussed in the present report.

In the face of these difficulties, a plea is made for keeping many
working hypotheses alive.

As an example for an additional, albeit outrageous, working hypothesis,
one might postulate that the sea floor between the eastern Canaries and
Africa — presently as shallow as 1000 m — fell dry during the middle
Miocene as a result of two causes: drastic lowering of sea level (for which
abundant evidence is accumulating, c.f. Lietz & Schmincke 1975) maybe
by 500 m or more combined with a higher elevation of the sea floor.

The number of hypotheses can be reduced by appropriate experimental
designs, three of which are:

Firstly, deep sea drilling should be carried out between the eastern
Canaries and Africa to reach the base of the sedimentary pile. The age of
the oldest sediment would put constraints on the date of the hypothetical
detachment of the Canaries from Africa. Sediments, in particular those
of Miocene age, should be examined for their depth of deposition, source
and major environmental change.

Secondly, the basement highs and sea knolls east of Fuerteventura
should be drilled to determine their composition, age, and former depth
below (or height above) sea level.

Thirdly, additional detailed geophysical studies in these areas should
be done to provide more exact boundary conditions for theories involving
the existence of former landbridges, continental or volcanic.

Origin of the Canaries in the framework of plate tectonics

Undoubtedly the GCanary Islands hold a key position in the analysis of
sea floor spreading and plate tectonics with regard to movement of the
African plate (Fig. 9). The sea-floor-spreading hypothesis postulates that
new oceanic crust is constantly being produced at the midoceanic ridges
by extrusion and intrusion of basaltic magmas. The new crust plus part
of the upper mantle (the ‘lithosphere’) are rapidly being transported
away from the ridges as if on conveyor belts (about 1-2 cm/year in this
part of the Atlantic according to Philips 1968). Thus the crust is youngest
at the ridges and oldest at the continents.

Abundant evidence has recently been accumulated to show that the
North Atlantic opened about 230 Ma ago (Luyendyk & Bunce 1973)
and the South Atlantic about 130 Ma ago (Larson & Ladd 1973)
although there may have been a precursor, the so-called Proto-Atlantic
(Rona 1970).

The Canary Islands are situated within the magnetic quiet zone which
ends just W of the islands where the crust has an age of about 155 Ma
(Rona et al. 1970; Fig. 4). The magnetic quiet zone is much narrower
than in the western Atlantic, ‘implying that sea-floor spreading prior to
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Fig. 9. Tectonic position of the Canary Islands with respect to the eastern and northern
boundaries of the African plate. The extension of the North African fold belts into the
ocean basin is highly speculative. From Ninkovich & Hayes 1972, Fig. 10, modified
after Le Pichon 1968.

the time of the magnetic boundary was asymmetric, favoring growth of
the west side of the Atlantic. The asymmetric growth may have resulted
from a faster rate of spreading on the west flank of the then-active
oceanic ridge or migration of the active ridge eastward. The near equiv-
alence of distances between the opposing magnetic boundaries and the
present axis of the mid-Atlantic ridge, as well as the suggested mirror-
image correlations between anomaly sequences seaward of the magnetic
boundaries, imply that sea-floor spreading became more symmetric after
the time of the magnetic boundary in the central North Atlantic.” (Rona
et al. 1970, p. 7419).

Drake & Woodward (1963), Le Pichon & Fox (1971), and Pitman &
Talwani (1972) postulated a Canary Fracture Zone linking the Kelvin
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Fig. 10. Synoptic geologic history of the western part of the African continent and the

adjacent Atlantic basin during the Tertiary and Quaternary periods. From Dillon &
Sougy (1974, Fig. 15).
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chain of seamounts to form a New England-Canary Fracture Zone
supposedly formed early in the Atlantic opening (Fig. 4). Pitman &
Talwani, noting a discrepancy between the Mesozoic origin of this
postulated fracture zone and the late Cenozoic age of the Canary
Islands, proposed that the Canaries and the south Atlas fault are related
to differential movements along the east side of a New England — Canaries
Fracture Zone.

The eastern Atlantic margin differs from the western Atlantic by
showing abundant volcanic islands and submarine volcanic cones (Fig. 1).
Many of these, particularly north and south of the Canaries, are situated
along the continental rise. In a very broad sense, the Madeira and Cape
Verde islands are also part of this zone running a few 100 km west but
parallel to the west African coast. It is highly suggestive to look for a
common cause both in time and space for the formation of those volcanoes
in the eastern central Atlantic basin but no satisfactory theory is available
at present.

Major melting events in the sub-Canarian mantle apparently did not
start until about late Tertiary, lasting for about 30 Ma to the present.
The onset of Alpine deformation at about the same time (Fig. 10)
possibly due to repeated collisions between the African and European
plates (Le Pichon 1968; Phillips & Forsyth 1972; Dillon & Sougy 1974)
may have initiated the melting.

The eruptive patterns in the Canaries, if they are not random, maybe
explained by two main models.

SYNCHRONOUS ERUPTIVE PERIODS

The assumption underlying this model is that some regional geodynamic
processes are responsible for the generation of magmas underneath
several islands at the same time. Such processes may be sudden changes in
the velocity or direction of plate movement or the collision of the African
with the Eurasian plate (Fig. 9). On a coarse scale, the Miocene age of
the shields on many Canarian islands may reflect one or more major
geodynamic event in the middle Miocene with age differences in the
shield lavas of different islands being due to differences in magma pro-
duction rates at different sites and/or different elevation from the sea
floor. Such an interpretation may receive some support from the fact that
most older Atlantic islands are not older than Miocene. On the other
hand, such time spans for islands may reflect the average duration of a
melting episode beneath an island.

MIGRATION OF VOLCANIC ACTIVITY

It has long been known through morphologic studies that the degree of
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erosion increases from W to E in the Canary Islands, Fuerteventura’s
‘old’ rocks being the most strongly denuded.

This apparent westward migration of volcanic activity was suggested
by absolute age measurements (Abdel Monem et al. 1967) and was
explained as possibly due to ocean-floor spreading (Schmincke 1967a)
resp. migration of the lithosphere over a relatively fixed melting spot
(Schmincke 1973). This migration appears striking when all age data
available are plotted for each island (Fig. 3). This migration is reminiscent
of that in the Hawaiian islands (McDougall 1964; Jackson et al. 1972),
as is the relatively even spacing between islands in the E-W direction
(ca. 110-140 km). These data strongly suggest that the pattern of volcanic
activity in the Canaries must be viewed in the context of ocean floor
spreading and plate tectonics.

However, the more detailed modern work in the Hawaiian Islands
shows that the progression of volcanic activity is non-linear and that
magmas may rise simultaneously above a melting anomaly some 300 km
in diameter (Jackson et al. 1972; Shaw 1973; Shaw & Jackson 1973;
Dalrymple et al. 1974). Thus, plate velocity cannot be directly inferred
from a propagation of volcanism noted for the Canaries, unless linearity
can be proved.

The main purpose of this speculative discussion is to give a brief
perspective of the major geodynamic problems that could be profitably
analyzed on the basis of a large number of dated rocks taken from
stratigraphically precisely controlled sites. While at least the subaerial
part of most Canary islandsislargely volcanic in origin, the eastern islands
are at least partly underlain by marine sedimentary rocks and possibly
even by continental crust. A more detailed analysis of the interplay of
eastward spreading of the Atlantic plate, northward movement of the
African plate and collision with the Eurasian plate and interaction of the
Atlantic oceanic and African continental lithosphere and a more precise
elucidation and interpretation of the nature of what geophysicists call
‘transitional type crust’ is needed in order to gain more information on
the origin of the Canaries.

One may speculate, that the main Canarian trends are due to two main factors :
(a) Opening of tensional, perhaps en echelon, N to NE fractures at the approximate
boundary between the oceanic and continental parts of the African plate. (b) These
fractures were used as pathways for rising magma along a more E-W oriented
trajectory of plate movement over a large primary melting anomaly.

Magmatic evolution in the Canaries will be discussed following the description
of the major rock types.

Meafic and ultramafic plutonic rocks

Basal complexes, consisting of peridotites (dunites, pyroxenites, and
webhrlites), alkali gabbros, diorites, and syenites occur on Fuerteventura,
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Gomera, and La Palma (Table 1). They are of alkalic affinity and are
associated with pillow lavas, quartz-bearing sedimentary rocks and
subaerial breccias. Some or all of these rock units are cut by one or more
dike swarm(s) of great density. Parts of the complexes are slightly
metamorphosed. These complexes have been recently studied by Gastesi
et al. 1966; Fuster ef al. 1968; Lopez Ruiz 1969; Gastesi 1969; Cendrero
1970, 1971; and Hernandez-Pacheco 1971. Much petrologic and some
geologic details (exact stratigraphic sequence of the rock units) are still
lacking, however, in part owing to complex mutual intrusive relationships,
density of dike swarms, and metasomatism.

Fuster and co-workers postulate that these stratiform plutonic bodies
formed in the upper mantle or lower crust, and form a common basement
that underlies all of the Canary islands and may even extend further.
They further postulate erosion (or uplift and erosion), (re)submergence,
deposition of sediments and pillow lavas and later uplift. The ages
assigned to the stratiform complexes (e.g. pre-Cretaceous: Cendrero
1970, 1971) would indicate that this basement formed not long after
opening of the Atlantic, at least much earlier than the exposed extrusive
volcanic rocks which are dominantly Miocene or younger.

In the absence of reliable absolute age data on the plutonic rocks, this
hypothesis essentially rests on the interpretation of the — poorly exposed —
contact between the folded Cretaceous marine sedimentary rocks on
Fuerteventura (Rothe 1968a) and the adjacent plutonics of the Betancuria
massif. Fuster e al. (1968a) regard the plutonics to be older while Rothe
thinks they are younger.

This interpretation is more likely. If the intrusives were older, one
would expect detritus derived from these to be interbedded with, or
part of, the sedimentary rocks. Such is not the case. On the island of
La Palma, the plutonic complex was also formerly regarded as the oldest
part of the island (Gastesi et al. 1966), but Hernandez-Pacheco (1971)
regards the older pillow series as possibly being older in age.

At present no rigid analysis of the basal complexes has been made
within the framework of ocean-floor spreading (Vine & Hess 1971 ; Moores
& Vine 1971).

To resolve this dilemma is of some importance with regard to two
problems: do the basal complexes represent oceanic crust or even
mantle and, if so, do stratiform complexes of alkalic affinity exist in the
upper mantle? Or do they constitute the eroded, perhaps slightly
uplifted, cores of oceanic volcanoes built on top of the oceanic
crust?

Although layered gabbros have been found in the oceanic crust of the
Atlantic (Melson & Thompson 1970) and although Borley et al. (1971)
postulate layered plutonic complexes in the upper mantle beneath
Tenerife at a depth between 11 and 30 km (based on nodule mineralogy
and geophysical data), the last alternative interpretation receives some
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support from the following data: work on oceanic basalts during the last
several years shows that alkali basalts occur preferentially in sea mounts
and volcanic islands. Even on Cyprus, only the uppermost pillow lavas of
the Troodos massif contain alkalic rocks, all others being tholeiitic
(Moores & Vine 1971). From the best studied recent volcano (Kilauea on
Hawaii) it is well known that the active magma chambers are situated
at depths of about 3 km (Fiske & Kinoshita 1969) and that series of
nestled fossil magma chamber bottoms, made up of ultramafic cumulate
plutonics, constitute the core of the volcano (Hill 1969; Jackson 1968).
Moreover, dense dike swarms probably extend close to the surface,
particularly in the rift zones (Fiske & Kinoshita 1969).

On Gran Canaria, intrusive essexites and hauynophyres occurring
about 1500 m above seca level and associated with a dike swarm and a
partly preserved cover of lava flows and breccias (Brey & Schmincke, in
prep.) are an example of such a dissected alkalic volcano. Although these
plutonics are only slightly layered, ultramafic nodules of similar mineral-
ogy and with excellent cumulate texture occur abundantly in the
covering breccias (Frisch & Schmincke 1969). An interpretation of the
mafic to ultramafic complexes of the other islands as high level rocks
— as contrasted with a mantle origin — would remove the difficult-to-
envisage up and down movements of oceanic crust/mantle plates.

At present, most data indicate that the mafic-ultramafic plutonic
complexes are the result of slow cooling of alkaline basaltic magmas
intruded into submarine, partly volcanic partly sedimentary crust which
was later uplifted. It is not clear, whether this crust is old oceanic crust or
whether it represents a younger submarine volcano. It is also unknown
whether all intrusions formed after uplift was completed or, in part,
earlier.

Recent work by Bennell-Baker ¢t al. (1974) indicates that the geologic
history of the basal complex on Fuerteventura is much more complex
than previously supposed and it will probably take many years before
more precise and realistic models of the early geologic history of the
Canary Islands can be developed.

Nodules

Nodules of diverse rocks occur on all of the Canary Islands. Their study
is of some importance for a number of geologic problems. Nodules give
us a glimpse, mostly tantalizing, of the substructure of a volcano not
exposed on the surface, or of the upper mantle and may thus help to
elucidate the origin of the different magma types.

Nodules of sedimentary rocks, commonly (metamorphosed) limestones,
occur abundantly in lavas and pyroclastic rocks on many of the Canaries.
While mostly derived from near surface calcarenites interbedded with
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the lavas, some may have a deeper origin and may, perhaps, be part of
an old ocean floor or even be continental.

Gabbros (both tholeiitic and alkalic) are perhaps the most abundant
type of nodule on the Canaries. Frisch (1970) has made a detailed
petrologic analysis of a gabbro from Lanzarote, concluding that it
crystallized from a tholeiitic magma at a depth of less than 9 km.

Syenites and quartz syenites occur in many trachytes and rhyolites on
Gran Canaria. They crystallized in a high level reservoir from the magma
represented by their host lava (ignimbrite) (Schmincke 1973).

Lherzolites, in particular harzburgites, generally occur together with
the younger, commonly more alkaline and silica undersaturated lava
types, as on Hierro (Jeremine 1935) and Gran Canaria (Schmincke
1973) and Lanzarote and Fuerteventura (Sagredo 1969) which are
erupted during the later stages in the evolution of an island. This is
similar to the occurrence of lherzolite nodules in the Hawaiian island
(White 1966; Jackson & Wright 1970) and may indicate that these later
lavas came from greater depths and carried fragments of upper mantle
material, part of it refractory, to the surface.

Munoz & Sagredo (1974) have studied the composition of clino-
pyroxenes in mafic and ultramafic nodules from several islands as
geobarometers. Their data and conclusions are discussed by Frisch
(1975).

A detailed study of the mineralogy of harzburgite nodules occurring in
hauyne-melilite nephelinite is given by Schmincke et al. (in prep.).

LANZAROTE AND FUERTEVENTURA

The most famous Canarian nodule-bearing localities are on Lanzarote
where almost 50 individual sites are known, mostly in the late Quaternary
to Historic formations (series IIT and IV of Fuster et al. 1968b) (Sagredo
1969). Most ultramafic nodules are peridotites and of these mostly
dunites with lesser amounts of lherzolites, harzburgites, and wehrlites;
some are phlogopite-bearing. Sagredo (1969) reports many chemical
analyses of the rocks and some of their constituent minerals. Absence of
correlation of type of nodule — which also occur in the historic tholeiitic
lavas — with the chemical and mineralogical composition of the host
basalt and solid state deformation of the olivine have led Fuster et al.
(1969) and Sagredo (1969) to interpret the nodules as xenoliths. While
Fuster et al. (1969) emphasize cumulate textures in the xenoliths and
think the ultramafic nodules are derived from the layered mafic to
ultramafic plutonic complexes, i.e. from lower erosion levels than those
exposed in Fuerteventura, Gomera and La Palma, Sagredo (1969) infers
an upper mantle origin. Gabbro nodules are also abundant on Lanzarote,
some containing olivine and two pyroxenes (Frisch 1970). Nodules on
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Fuerteventura are of similar composition and are similarly restricted to
the Quaternary lavas (Sagredo 1969).

GRAN CANARIA

Nodules in rocks from Gran Canaria occur in at least 4 different rock
units: a. Several units of the Miocene series (mildly alkaline basalts and
oversaturated silicic rocks) contain plutonic nodules of cognate origin
(gabbro and diorite in the basalts and quartz syenites and alkali granites
in comenditic and pantelleritic ash flow tuffs) (Schmincke 1973).
b. The Pliocene Roque Nublo breccia contains abundant nodules ranging
from kaersutitites and clinopyroxenites to essexites and syenites (Bourcart
& Jeremine 1937; Frisch & Schmincke 1969). c. Melilite nephelinites
overlying the Roque Nublo rocks contain phlogopite-harzburgites and
lherzolites (Schmincke ez al., in prep.). d. Hausen (1962) reports a large
suite of nodules ranging from peridotites to anorthosites in young cinder
cones on La Isleta, N of Las Palmas.

TENERIFE

Xenoliths of Tenerife have been studied by Ibarrola & Viramonte
(1967), Gastesi (1967) and, in more detail, by Borley et al. (1971).
Dunites and clinopyroxenites occur in the Miocene basalts, gabbroic
xenoliths in the Pedro Gil region, nepheline-syenite xenoliths in the
Las Cafiadas area and ultramafic to syenitic xenoliths in the Anaga
peninsula close to syenite intrusions. In general the ultramafic nodules
appear to be of cumulus origin formed at depth between 11 and 30 km
according to Borley et al. (1971).

La paLMA
Ultramafic xenoliths (consisting of clinopyroxene, amphibole, mica and
olivine) also occur on La Palma, particularly at the southern tip of the
island (Volcan de San Antonio, Jeremine 1933; 1971 eruption).

LA GOMERA
Cendrero (1971, p. 34) reports gabbroic, peridotitic, and dunitic nodules
in the subrecent basalts from Gomera; significantly they are much more
common than in the older basalts of La Gomera.

Hierro

Jeremine (1935) reports an orthopyroxene-bearing nodule in a nepheline
basanite (ankaratrite) flow.
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Volcanic rocks

STRUGTURAL ROCK TYPES

1. Basalts sensu lato

The commonest rock types on the Canary Islands are aa-basalt flows
(< 5 m in thickness) with top and basal breccias, crude joints and rare
pyroclastic interbeds (Fig. 11) commonly erupted from dikes (Fig. 12).
When fresh, they appear as gray to black, dense, tough basalt layers
alternating with highly porous breccia horizons. In older sequences (e.g.
the Miocene basalts on Gran Canaria, Tenerife, Lanzarote, Fuerte-
ventura) many rocks are greenish-gray due to alteration and softer than
the unaltered basalts and the contrasts between the dense and brecciated
layers is lessened because of secondary minerals deposited in the voids.

Fig. 11. Aa-type lava (thin, poorly jointed flows separated by thick breccia) in Miocene
basalts at mouth of Barranco de Tazartico (Gran Canaria). Person (right foreground)

for scale.
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Fig. 12. Dike of nephelinite intruded into altered nephelinitic pyroclastics. 2 km NW
of Cruz de Tejeda (Gran Canaria). Hammer for scale.

Pyroclastic interbeds of basaltic ash and lapilli are rare except near
eruptive centers. These pyroclastics are commonly reddened at the top
where in contact with an overlying basalt flow due to baking — a feature
commonly mistaken for ‘lateritization’. Lava tubes are common (Fig. 13).

Pahochoe lavas with ropy surfaces and pseudo-pillow cross sections
are rare (Fig. 14). True subaquatic pillow lavas occur on Fuerteventura,
Gomera, Gran Canaria (overlying the Las Palmas terrace just west of
Las Palmas) and as a thick, altered and tilted sequence on La Palma
(Fig. 25a).

2. Hawaites and mugearites (trachybasalts)

Owing to the higher viscosity of these lavas the trachybasalt (a field term
encompassing hawaiites and mugearites) flows are thicker (Fig. 40) than
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Fig. 13. Radially oriented thin columns of basalt (rosette) filling a lava tube in the
upper part of a Pliocene basalt lava flow (thick columns). Barranco de Agaete (Gran
Canaria). Euphorbia Canariensis for scale.

Fig. 14. Miocene basaltic pahoehoe lavas in road cut along road San Nicolas-Agacte
(Gran Canaria).



the basalt flows and are characterized by platy jointing, the joints
showing a characteristic sheen due to alignment of feldspar microlites.
The rock is light gray and commonly aphyric. Hawaiites generally occur
near the top of thick basalt sequences (e.g. Miocene series of Lanzarote,
Fuerteventura and Gran Canaria). They make up much of the cobertera,
(the basalt sequence above the main unconformity, i.e. the upper Caldera
sequence) on La Palma, and are also common on other islands such as
Hierro.

3. Phonolites and trachyphonolites

The trachybasalts grade through trachyandesites into phonolites,
trachytes and trachyphonolites. Trachyandesites are absent on Gran
Canaria (‘Daly-Bunsen’ silica gap) but may be common on other islands
such as La Palma (Hausen 1969).

The phonolite and trachyte flows (Fig. 15) are generally thick (up to
50 m or more) show columnar and platy jointing and have top and basal
breccias. The phonolites are commonly green — due to the abundance of
aegirine in these peralkalic rocks — while the trachytes are colored various
shades of gray. The phonolite flows generally are short and stubby, but

Fig. 15. Pico Viejo (Tenerife) with young blocky lava flows descending from Pico de
Teide in foreground. Note levees and main channel in flow descending to the left.
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Fig. 16. Columnar hauyne phonolite neck of Pliocene age at Pajonales (Gran Canaria).
Width of columns about 0.7 m.
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surprisingly the Miocene trachyphonolite lavas on Gran Canaria travelled
well over 10 km. More prominent topographically than the flows are the
phonolite (and trachyte) plugs, erosional remnants of strikingly columnar
rocks (Fig. 16). Such plugs, many of which more than 100 m in diameter,
are landmarks on almost every island, particularly Gran Canaria,
Gomera, and La Palma.

4. Pyroclastic flow deposits

Welded rocks deposited from hot pyroclastic flows (ignimbrites) are
known so far only from Gran Canaria and Tenerife (Figs. 17-20). They
are 15-30 m thick on the average and show the vertical zonation typical
of ignimbrites. Those of Fe-rich peralkalic composition on Gran Canaria
show laminar viscous flowage structures (Schmincke & Swanson 1967a).

Fig. 19. Strongly welded comenditic ignimbrite E showing white, granophyrically
crystallized pumice lapilli in a light gray (lower flow unit) and darker gray (upper flow
unit) matrix. Note wavy contact between both flow units. Road cut Puerto Rico
(Gran Canaria).
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Fig. 20. Top part of pantelleritic ignimbrite B overlain by pantelleritic ignimbrite C.
Two flow units, a lower coarse-grained and an upper fine-grained one, can be distin-
guished in the top part of ignimbrite B. Note many inclusions and ‘imbricate’ structure
in ignimbrite C. Road cut Barranco de Taurito (Gran Canaria).

Unwelded pumice flow deposits (‘puzzolane’, ‘trass’) occur on Gran
Canaria and cover large stretches on the SE-coast of Tenerife (Fig. 17),
an area where laharic (volcanic mudflow) pumice deposits also occur.

Various extrusive and intrusive volcanic breccias emplaced at low and
high temperature occur on all islands. Most spectacular are several thick
(up to over 50 m) widespread (up to about 20 km long) sheets of the Roque
Nublo Breccia (Figs. 21,22, 52-54) on Gran Canaria (Brey & Schmincke, in
prep.). This breccia grades into bedded and laharic rocks farther away
from the eruptive centers.

5. Ash, lapilli, scoria, cinder cones
Alkalic basaltic magmas, in contrast to tholeiitic ones, generally have
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Fig. 21. Massive sheets of Roque Nublo breccia flow deposits at Ayacata (Gran Canaria).
Pliocene Ayacata formation. Cliffs are more than 100 m high.

Fig. 22. Detail of Roque Nublo Breccia showing abundant dark rock fragments. Light
colored matrix rich in pumice. Road Cruz de Tejeda — Artenara (Gran Canaria).



Fig. 23. Basaltic cinder cones surrounded by lava flows formed during 1730 eruptions.
Montafia Fuego (Lanzarote).

Fig. 24. Well-bedded air-fall tuff showing mantle bedding. More massive band just
above road is shown in more detail in Fig. 63. Roadcut between Adeje and Los
Cristianos (Tenerife).



much more H,O and therefore are more explosive. Thus, all ofthe Canary
Islands are characterized by pyroclastic cones of various ages, the most
prominent ones being the historic cinder cones on Lanzarote (Fig. 23).
These consist generally of ash and lapilli and, closer to the vent, of
coarser scoria and locally agglutinates. However, no systematic studies
on the grain sizes and other characteristics of these pyroclastic materials
have been published. Air-fall tuffs of phonolitic composition are parti-
cularly common on Tenerife (Fig. 24).

6. Hpyaloclastites
Hyaloclastites are basaltic pyroclastic rocks formed when basalt magma
comes into contact with external water resulting in granulation due to
thermal shock and/or disruption due to steam explosions. They generally
form well-bedded deposits of palagonitized sideromelane fragments
cemented chiefly by zeolites. The most prominent hyaloclastites occur in
tuff rings on the west coast of Lanzarote (El Golfo and others) (Fig. 25)
and on the east coast of La Palma (Caldera de Concepcion, just south
of Santa Cruz). These cones formed when lava flowed into sea-water and
by ascent of the magma through groundwater horizons.

Explosions resulting when rising basalt magma heated and evaporated

Fig. 25. Bedded palagonite tuff cone of El Golfo (Lanzarote). The irregular erosional
caverns are made of discontinuous, cemented surface crusts. Height of cliff about 20 m.
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groundwater combined with caldera collapse also resulted in a number
of spectacular craters on someislands, three of which (e.g. Bandama Crater)
were described from Gran Canaria (Schmincke et al. 1974) (Fig. 26).

The importance of external water for influencing type of eruptions is
also evident from the reports of historic eruptions both on Lanzarote and
La Palma (Hausen 1959, 1969) some of which have erupted hot water,
steam, and mud. Thus, the Hoyo Negro (La Palma) pyroclastic products
are the result of phreatomagmatic eruptions (Fig. 71).

Hyaloclastites formed by submarine eruptions of lava are common
in the uplifted submarine complexes of Fuerteventura, La Gomera and
La Palma (sce below).

Fig. 25a. Basaltic pillow lavas of upper part of submarine Angustias pillow complex.
Branching lava ‘fingers’ in upper left; their cross-sections resemble pillows (lower
right). Lower course of Barranco de las Angustias (La Palma).

L For figure 26 see foldout between pages 146-147.

103



7. Pillow lavas

Basaltic lava flowing into, or being erupted under, water may proceed
in a system of tubes, the ellipsoidal cross sections of which resemble
pillows (Fig. 25a). Rarely, large ‘drops’ of lava may become pinched
off from the feeding tube, thus coming to resemble a pillow in three
dimensions. To recognize pillow lavas on land can be very important
because on most oceanic islands this means that lavas, formed under
submarine conditions, were later uplifted or that the sea level dropped,
lakes or glaciers such as those on Iceland (famous for its subglacial
pillow-hyaloclastite complexes) being absent on the Canary Islands.
Pillow complexes may represent three different conditions and environ-
ments of formation: Firstly, subaerial lavas flowing into the sea may
form pillow complexes with minor hyaloclastites, pronounced foreset
bedding and no dikes. Examples are Roque Nublo lavas on the Las
Palmas Terrace (see below) and some pillow lavas from Fuerteventura
(Fuster et al. 1968a). Secondly, they may represent uplifted parts of a
volcano’s submarine flanks. Such complexes have more abundant
hyaloclastites and dikes and may lack subaerial lava flows and detrital
rocks entirely. The Angustias pillow complex of La Palma is the most
striking example of this group (Figs. 25a, 70). The pillow lavas of Gomera
may also belong to this type. Finally, pillow complexes may represent
Mid-Oceanic Ridge associations. In this case, the basalt should probably
be of abyssal tholeiitic composition and be associated with deep sea
sediments. While such sediments are probably represented by the
Cretaceous series on Fuerteventura (Rothe 1968a), it is uncertain
whether the overlying pillows belong to this or a much younger unit.

CHEMICAL ROCK TYPES (MAJOR ELEMENTS)

The large increase in chemical analyses during the last five years plus
detailed petrologic studies show that several distinct magmatic lineages
are present in the Canaries. Different lineages may occur on adjacent
islands, but may also appear on a single island that has a long and complex
magmatic history somewhat analogous to changes in geochemical trends
with time in the Hawaiian islands (MacDonald 1968). Gran Canaria has
such a complex history.

1. Tholeiitic series

This is the least common series. It is represented by historic lava flows on
Lanzarote and some prehistoric ones on Fuerteventura (data in Fuster
et al. 1968a, b) and hypersthene-bearing gabbroic xenoliths occurring in
alkali basalt on Lanzarote (Frisch 1970). The K,O-content (0.7-1.0%,)
is higher than that in Hawaiian tholeiites (0.4-0.6%,) (MacDonald
1968). Reiss (1861) described hypersthenites from the Caldera de
Taburiente (La Palma) but Cohen (1896) identified the pyroxenes in the
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same samples as augite, although later authors (e.g. Navarro 1926, p. 91)
apparently overlooked Cohen’s correction. Hausen (1969, e.g., p. 91)
frequently refers to the occurrence of orthopyroxene in alkaline mafic
lavas from La Palma, but thin sections of these samples kindly sent to me
by Hausen were lacking in orthopyroxene. Gastesi (1969, p. 1023) reports
orthopyroxene in gabbros from Fuerteventura but gives no optical or
chemical data.

2. Transitional series

Many authors (e.g. Coombs 1963; Upton & Wadsworth 1966) have
recognized basalts that fall outside the Hawaiian pigeonholes, alkalic
basalts that lie near the critical plane of saturation, i.e. are barely hy-
normative. Such transitional basalts are represented by some of the
Miocene shield lavas on Gran Canaria (Schmincke 1969a, b). While
Fuster et al. (1968c) and Borley (1974) believe that the oversaturated
normative character of these rocks is due to oxidation, some basalts
remain hy-normative even after recalculating to FeO = 1.59, (Schmincke
1969a, b). Moreover, the 3 new ne-normative analyses presented by
Fuster et al. 1968c, Table 3, No. 1-3 (see also Ibarrola 1970) as belonging
to the Miocene basaltic series are apparently misplaced because they are
from a much younger basaltic series as can be seen from the localities
given. Possibly some of the older basaltic series of Fuerteventura, Lan-
zarote, Gomera, and Tenerife may belong to this transitional series
(Schmincke 1973). The evolved members of this series are voluminous
only on Gran Canaria, encompassing subalkalic and peralkalic rhyolites,
trachytes, and trachyphonolites (Schmincke 1969a, b).

3. Alkali basalt series

Most basalts on the Canary Islands are members of the alkali basalt-
trachyte series comparable to the Hawaiian alkali series, but are more
alkalic and undersaturated (Ibarrola 1969, 1970). Basanites and ankara-
mites are particularly common with hawaiites and mugearites probably
being less abundant than in Hawaii. The hawaiites commonly are
plagioclase-phyric. Clinopyroxene, plagioclase and Fe/Ti-oxides are the
dominant groundmass minerals in the basaltic rocks. Sporadic amphibole
occurs in many basalts. The evolved rocks encompass trachyte and
nepheline phonolite. This series, and the basanite series (4) with which
there are all gradations, are probably represented on each of the Canary
Islands. The plutonic equivalents of this and the next series (essexite-
syenite series) occur in larger bodies on Fuerteventura, Gran Canaria,
La Gomera, and La Palma.

4. Basanite-ankaramite-tephrite-ordanchite series
Very alkalic and highly undersaturated series leading to hauynophyric
rocks (generally intrusions) are represented by the Roque Nublo series
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(Bourcart & Jeremine 1937; Hausen 1962; Fuster et al. 1968¢; Frisch &
Schmincke 1969; Anguita 1972; Brey 1973) of Pliocene age on Gran
Canaria and the Cobertera series on La Palma (Hausen 1969; Middle-
most 1972). Hauyne-bearing phonolites are also present on Gomera
(Bravo 1964) and Tenerife (Fuster et al. 1968d; Ridley 1970; Arafia
1971). The tahitites on the northern coast of Gran Canaria may also
belong to this group (Hernandez-Pacheco 1969).

5. Olivine nephelinites

Olivine nephelinite and melilite nephelinite flows are so far known in
greater abundance only from Gran Canaria (Schmincke 1973; Ibarrola
& Martorell 1973). Jeremine (1935) reports ‘ankaratrite’ (nephelinite?)
from Hierro.

6. Carbonatites
Dikes of carbonatite were found on Fuerteventura by Fuster et al. 1968a.

TRACE ELEMENTS

There are relatively few data on trace elements from Canarian volcanic
rocks. Ridley (1970) and Bréndle (1973) have published a large number
of trace element data from the Cahadas and Teide rocks (Tenerife).
Some of these are plotted together with preliminary trace element
compositions from Gran Canaria (Schmincke, unpubl.; table 2) in
Fig. 27. These data are in general similar to those of other alkalic volcanic
suites on oceanic islands (e.g. Carmichael et al. 1974).

On a finer scale, suites differing in alkalinity and silica saturation are
also characterized by typical trace element concentrations: the Miocene
only slightly silica-undersaturated to oversaturated suite from Gran
Canaria has lower concentrations of the trace elements Zr, Nb, Rb, Sr
than the more alkalic suites on Tenerife (Fig. 27) and on Gran Canaria
(table 2). Secondly, the peralkaline rhyolites (comendites and pantel-
lerites) from Gran Canaria whose correct identification has been doubted
by some (e.g. Fuster et al. 1968c) show trace element compositions
characteristic of those of such rocks elsewhere: Zr and Nb concentrations
are much higher and Sr-concentrations much lower than those of calc-
alkalic rhyolites (Fig. 27, compare with table 5-1 in Carmichael et al.
1974). In fact, the extremely high Zr concentrations in comendite E
(nearly 2700 ppm) are among the highest known for such rocks. Thirdly,
there is a more or less continuous variation between the basaltic and
derivative rocks of a particular series, strongly suggesting that both are
genetically related (c.f. Weaver et al. 1972)3. Moreover, while the trace

3 Feldspar fractionation probably was the dominant mechanism in the evolution of
this series (Schmincke, 1969) although not enough data are available to prove or
disprove major influence of a vapor (fluid) phase.
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Table 2. Chemical analyses and CIPW-norms of representative volcanic rocks from Gran Canaria.

Magmatic
phases Magmatic phase I (Miocene: ca. 14 - 9.6 M.a.)
Formations Guigui Formation Hogarzales Formation Mogan Formation
Computer
number 2091**  2092%* 2093%* 2094** 2095** 2097** 2098** 33*%  2115*%  1022*
Field
number 1262 1263 1264 1265 1268 1270 1271 132 700 697 7
Sio, 44.26 46.51 44.55 44.72 48.67 47.61 47.54 68.8 68.2 70.1 45
Al O, 8.63 13.92 9.55 11.68 14.21 14.99 13.77 15.1 13.9 12.2 14
Fe, 0, 4.61 5.64 4.22 5.13 5.64 5.73 6.83 2.4 3.0 3.8 4
FeO 8.02 6.86 7.84 7.25 6.45 7.04 6.53 0.3 0.17 0.4 &
MgO 19.37 6.15 16.79 11.88 4.53 4.63 5.12 0.6 0.3 0.4 5
CaO 8.73 10.69 8.95 9.97 9.47 9.66 9.75 1.5 0.9 0.9 10
Na,O 2.00 3.02 1.91 2.51 4.13 3.42 3.71 6.2 7.1 5.9 2
K,O0 0.70 1.31 0.70 1.00 1.10 0.90 1.00 3.3 4.1 4.5 1
H,0" 0.93 1.19 2.50 2.16 0.95 1.03 0.71 0.4 0.4 0.06 2
TiO, 2.50 4.03 2.71 3.52 4.13 4.22 4.32 0.6 0.9 0.7 3
P,O, 0.25 0.45 0.29 0.38 0.59 0.45 0.42 0.3 0.1 0.06 0
MnO 0.15 0.18 0.14 0.14 0.18 0.16 0.15 0.18 0.23 0.28 Q
Co, - - — — — — - - - - -
a — — — — — - — - - - -
So, — - — - - - — — - - -
Total 100.15 99.95 100.15 100.34 100.05 99.84 99.85 99.7 99.83 99.30 99
CIPW - norm +)
Q - — - - — — 0.7 17.4 13.1 20.0 -
C — a— -— — -— —_ —_— p— p— —_— -
or 4.2 7.9 4.3 6.0 6.6 5.4 0.6 19.6 24.4 26.8 7
ab 11.1 22.0 16.0 16.0 32.7 29.4 29.0 52.8 49.0 38.0 21
an 12.6 20.9 15.8 18.0 17.2 23.3 18.2 3.7 — - 24
Ic — - - - - - - - - - -
ne 3.2 2.2 0.3 3.1 1.5 — 1.6 — - -
ac - - — - - — - - 8.7 10.9 -
ns - - - — - — - — 0.4 - -
wo 12.3 12.5 11.6 12.5 11.1 9.4 11.7 0.7 1.1 1.2 10
Di en 8.6 6.8 8.1 8.2 5.5 4.5 5.8 0.6 0.8 1.0 5
fs 2.7 5.3 2.6 3.5 5.3 4.7 5.7 - 0.2 - 4
en — — - — — 2.0 - 0.9 - - 0
Hy {fs - - - — - 2.0 — - - - 0
ol 31.7 11.4 33.2 22.7 8.6 7.9 — — - - 12
cs - - - - - - - - - - -
mt 2.2 2.2 2.2 2.2 2.2 2.2 2.2 — — 0.1 2
il 4.8 7.8 5.3 6.8 7.9 8.2 8.3 1.0 1.7 1.3 7
hm - - - - - - - - - - 0
tn - - — - - - - 0.16 - - -
ap 0.6 1.1 0.7 0.9 1.4 1.1 1.0 0.7 0.2 0.1 1
cc - - - - - - - - - - -
DI 18.6 32.0 20.6 25.2 40.7 34.8 36.5 89.9 86.4 84.8 29
Na, O/K,0 2.86 2.31 2.7 2.5 3.73 3.78 3.70 1.88 1.73 1.31 1
K/Na 0.39 0.42 0.41 0.45 0.30 0.30 0.58 0.60 0.64 0.85 0
K,O/P,0, 2.8 0.89 2.41 2.63 1.86 2.0 2.40 11.0 - 11.25 1
Mg-number 77.63 52.94 75.89 68.60 46.20 45.29 46.87 - - - 51
Al - - - - -~ — - 0.91 1.16 1.19 -
Trace element abundances (ppm)*** (XRF)
Rb 10 27 15 26 34 19 10 n.d. n.d. n.d.
Sr 280 492 302 278 649 440 535 n.d. n.d. n.d.



Magm. phase II (4.4-3.7 M.a.)

Magmatic phase III (2.8 M.a. to late

subrecent)
Fataga Tejeda Fm Roque Nublo Group Llanos de Los Pechos un- LaCalderilla
Fm laPzFm Fm named Fm
35%  1727%*% 43% 2119* | 2107* 1752%* 1691* 1726% 1687* 1770* 2106*  2111%*

167 1208 606 1375 1418 1260 1147 1155 1118 1153 P17 1433
68.5 62.8 58.9 59.2 43.8 47.00 50.5 57.6 39.2 38.83 41.5 42.2
19.6 17.3 17.1 17.5 11.9 16.31 16.7 21.1 10.2 9.19 10.2 12.4

7.5 2.6 2.8 2.8 5.5 5.26 3.8 1.6 4.2 2.71 5.5 4.5

0.1 0.7 2.1 2.0 8.1 6.28 3.5 0.75 8.0 9.14 7.4 8.5

0.1 0.4 0.4 1.4 9.4 4.76 3.1 0.1 13.5 16.04 13.6 11.3

0.5 0.8 0.9 2.4 11.1 9.32 6.6 1.2 13.8 14.10 114 11.2

5.2 6.3 9.6 7.1 2.9 3.44 5.8 9.6 3.1 2.60 3.6 3.0

4.5 5.8 5.1 4.2 1.2 2.02 4.2 6.1 1.3 0.75 0.7 1.5

1.7 2.3 1.2 0.9 0.8 1.57 1.7 1.7 1.3 1.94 1.0 0.75

1.0 0.79 1.1 1.3 3.9 3.64 2.7 0.0 3.4 3.01 3.7 4.0

0.1 0.07 0.09 0.38 0.91 1.06 0.75 0.05 1.1 1.14 0.91 0.75

0.45 0.17 0.4 0.21 0.2 0.18 0.16 0.16 0.18 0.20 0.18 0.19

- - - 1.0 - - - - - - 0.5 -

- - - — - - 0.13 — - - - -

- - - - - — 0.15 — — - — -

- — - ~ - - 0.03 - — - - -

S S
99.3 100.03 99.69 99.89 99.71 100.84 99.8 99.86 99.28 99.65 99.69 99.74
25.6 2.3 - — - - - - - - - -

- - — 0.1 - — - - — - - -
27.3 35.1 30.6 25.1 7.2 12.1 25.3 36.7 - - 4.2 8.9
24.9 54.6 40.0 59.5 17.6 25.0 25.4 27.7 - - 2.8 2.4

- 1.8 - 3.1 16.1 23.3 8.3 - 10.3 11.5 9.8 16.1

— — - — — - - - 6.1 3.6 — -

— — 11.3 0.7 6.6 2.4 14.9 26.1 14.5 12.2 15.3 12.5
17.8 - 8.2 - — - - 4.7 - - — —

- - 3.0 — - — — 0.3 — - - -

0.2 0.7 1.6 - 14.1 6.8 - 1.8 14.5 13.0 17.4 14.6

0.2 0.6 0.5 - 8.3 3.5 - 0.3 9.8 9.0 11.6 9.3

- - 1.3 - 5.1 3.2 - 1.7 3.7 2.9 4.5 4.3

0.1 0.4 - - - - - - - - - -

- - 1.6 2.5 18.1 12.0 3.2 - 24.3 30.4 22.9 20.2

- — - - - — — - 4.4 6.6 — —

- 0.5 - 3.4 2.2 2.2 2.2 - 2.2 2.2 2.2 2.2

1.2 1.5 2.1 2.5 7.5 7.0 5.2 - 6.6 5.9 7.2 7.7

1.6 2.3 - - - - — - - - — -

1.0 - - — - - - - - — -

0.2 0.2 0.2 0.9 2.2 2.5 1.8 0.1 2.7 2.8 2.2 1.8

- - - 2.3 - - — — 1.2 — — —
77.8 91.9 81.5 85.2 26.5 39.5 63.0 90.5 20.6 15.8 22.3 23.9

1.16 1.09 1.88 1.69 2.42 1.70 1.38 1.57 2.38 3.47 5.14 2.0

0.97 1.03 0.60 0.66 0.46 0.66 0.81 0.71 0.47 0.62 0.22 0.56
45.0 82.8 . 56.7 — 1.32 1.91 5.6 122.0 1.18 0.66 0.77 2.0

- — — - 61.13 39.24 - - 71.44 75.14 70.62 66.28

1.4 0.96 1.25 0.93 - - 0.84 1.06 - — — -

n.d. n.d. 147 n.d. 29 n.d. n.d. 211 18 11 n.d. 37
n.d. n.d. 4 n.d. 870 n.d. n.d. 83 1326 1459 n.d. 995



187 301 196 245 485 300 246 n.d. n.d. n.d.
18 36 24 29 50 31 23 n.d. n.d. n.d.

zZN

* Analyst: M. Weibel, B. Arancyi, R. Heusser
*k Analyst: under the direction of K. Langer
*%%  Analyst: G. Smith, J. Ward, R.S. Starmer
DI = Differentiation Index (Q + or + ab + Ic + ne)

Mg — number = M{;TM‘FgEﬂ (Fe, 0, /FeO = 0.25)

mol (K, O + Na, O)
mol Al, O,

Al = Agpaicity Index

(+) = CIPW-norms for rocks with DI<45 calculated on base of Fe,0, = 1.5%

Sample localities, petrographic descriptions and modal compositions (Volume percent, 1000 points counted
in each section with Eltinor point counter).

Guigui Formation

1262: Picritic alkali olivine basalt. Lava flow, type locality at mouth of Barranco de Guigui, 5m above sea
level.
Phenocrysts: Olivine (26.9%), clinopyroxene (19.4).
Groundmass: 53.7% (plagioclase, clinopyroxene, Fe/Ti-oxides, olivine, amphibole?)
1263: Alkali olivine basalt. As in 1262, 15 m above sea level.
Phenocrysts: Clinopyroxene (3.8%), plagioclase (3.3%), olivine (1.4%).
Groundmass: 91.5%. Composition as in 1262, but no amphibole (?).

1264: Picritic alkali olivine basalt. As in 1262. 20 m above sea level.
Phenocrysts: Olivine (26.8%), clinopyroxene (8.5%).
Groundmass: 64.7%, as in 1263.

1265: Picritic alkali olivine basalt. As in 1262. 26 m above sea level.
Phenocrysts: Olivine (19.5%), clinopyroxene (6.0%).
Groundmass: 74.5%. As in 1263.

Hogarzales Formation

1268: Hawaiite: As in 1262, directly above palagonite tuff and fanglomerate along unconformity. 100 m
above sea level.
Phenocrysts: Olivine (< 1%), clinopyroxene (< 1%), plagioclase (< 1%).
Groundmass: as in 1263.

1270: Hawaiite: Barranco de Guigui Grande, NW-side, 1.1 km inland, 225 m above sea level.
Phenocrysts: 1 to 2% each of clinopyroxene, olivine, plagioclase, and Fe/Ti-oxides
Groundmass: Same as phenocrysts.

1271: Hawaiite: as in 1270, 250 m above sea level.
Phenocrysts: Plagioclase (tr), clinopyroxene (tr). .
Groundmass: Plagioclase, clinopyroxene, olivine (iddingsitized), Fe/Ti-oxides.

Mogan Formation

132: Alkali rhyolitic ignimbrite P1: Lower part of composite flow (P1) at head of Barranco de Mogan, 650
m above sea level, 50 m south of road Mogan-Ayacata.
Phenocrysts: anorthoclase (with oligoclase cores) (47.2%), edenitic hornblende (1.2%), Fe/Ti-oxide
(0.8%), zircon (tr).
Rock fragments: Mostly basaltic (2%).
Groundmass: 46.6%.

700: Comenditic lava flow V: 15 m above base of 20 m thick flow. North slope Montafia Cedro, 435 m
above sea level. 15 m above base of 20 m thick flow.
Phenocrysts: anorthoclase (ca. 12%), augite and hypersthene (< 1%), Fe/Ti-oxides (< 1%).
Groundmass: anorthoclase, quartz, alkali amphibole, aegirine (tr.).

715: Pantelleritic ignimbrite X: 15 m above base of 25 m thick flow. Locality as in 700, 535 m above sea
level.
Phenocrysts: anorthoclase (ca. 35%), richterite (ca. 2%), Fe/Ti-oxides (< 1%), sphene (< 1%) plagioclase
(tr), perrierite (tr)
Rock fragments
Groundmass: anorthoclase, quartz, aegirine, alkali amphibole, alunite (?).



n.d.
n.d.

697:

167:

1208:

606:

1375:

1418:

1260:

1147:

nd. 1390 n.d. 287 n.d. nd. 1215 268 271 n.d. 285
n.d. 359 n.d. 55 n.d. n.d. 64 79 92 n.d. 57

Alkali olivine basalt: 20 cm inside 3 m thick dike.

Locality and elevation as for 700. Feeding dike for basalt T4 (below ignimbrite A).
Phenocrysts: aphyric.

Groundmass: plagioclase, clinopyroxene, Fe/Ti-oxides, olivine.

Pantelleritic ignimbrite D: 2 m above base, road cut on west side of Barranco de Taurito (type locali-
ty). Ca. 80 m above sea level.

Phenocrysts: < 1% anorthoclase, richterite (tr).

Groundmass: 99.2% (anorthoclase, quartz, aegirine).

Fataga Formation

Trachyphonolite: 3 m above base of lava flow, 200 m S of Casa Forestal de Tirajana, 1300 m above sea
level.

Phenocrysts: alkali feldspar (< 1%), clinopyroxene (tr).

Microphenocrysts: altered nepheline (ca. 5%).

Groundmass: alkali feldspar, aegirine, alkali amphibole, analcime.

Tejeda Formation

Phonolite dike: Top of Montatla Horno, glassy margin of offshoot of large phonolite intrusion under-
lying the northern part of Montafia Horno, 1360 m above sea level.

Phenocrysts: < 1% anorthoclase, clinopyroxene (tr).

Groundmass: slightly devitrified glass.

Syenite: 100 m south dam of Presa de Paralillo, Barranco de Tejeda. Ca. 300 m above sea level.

Mineralogy: partly sericitized, antiperthitic alkali feldspars with minor biotite, sulfides, apatite, alter-
ed nepheline (?), carbonate, fluorite, leucoxene (after sphene), layer silicates.

Roque Nublo Group

Alkali olivine basalt: Thin flow in olivine phyric pahoehoe basalt series near base of Mesa de Junquillo
Formation, Road Sta. Lucia-Temisas, 1 km southeast of Sta. Lucia, ca 720 m above sea level.
Phenocrysts: olivine (10.8%), clinopyroxene (7.6%).

Groundmass: 81.6% (plagioclase, clinopyroxene, Fe/Ti-oxides).

Tephrite: 20 cm above base of 3 m thick lava flow directly underlying 100 m thick Roque Nublo
Breccia sheet forming top of Mesa de Junquillo, 630 m above sea level.

Phenocrysts: clinopyroxene (4.4%), Fe/Ti-oxides (3.3%), plagioclase (2.5%), olivine (0.2%).
Groundmass: 89.6% (plagioclase, clinopyroxene, Fe/Ti-oxides).

Tephrite: 50 cm above base of 4 m thick lava flow above Risco Blanco Intrusion (1155), 1560 m above

" sea level.

1155:

1118:

1153:

P17:
1433:

Phenocrysts: clinopyroxene (9.3%), plagioclase (3.3%), amphibole (kaersutite?) (2.9%), hauyne (2.5%),
Fe/Ti-oxides (1.8%), sphene (0.4%), apatite (0.2%).

Groundmass: 79.6%; mineralogy similar to phenocrysts but also alkali feldspar.

Hauyne phonolite: see Lietz & Schmincke (1975).

Llanos de la Paz Formation

Olivine nephelinite: see Lietz & Schmincke (1975).
Los Pechos Formation

Hauyne-melilite olivine nephelinite: near base of 20 m thick ponded flow remnant making up scarp
above Risco Blance Intrusion, 1857 m above sea level.

Phenocrysts: olivine (ca. 12%), opaques (ca. 2%).

Microphenocrysts: melilite, hauyne.

Groundmass: clinopyroxene, nepheline, opaques, perovskite, olivine.

Pleistocene basanites

Basanite: see Lietz & Schmincke (1975).

Basanite: Base of 2 m thick lava flow, 100 m east of spatter cone of prehistoric vent, 200 m east of
rim of Marteles Caldera, 1588 m above sea level.

Phenocrysts: olivine (12.3%), clinopyroxene (1.4%).

Groundmass: 86.3% (clinopyroxene, plagioclase, olivine, opaques).
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element abundances of the several oversaturated compositional groups of
derivative rocks on Gran Canaria converge toward their presumed
basaltic parent compositions, the Nb (possibly also Rb) abundances of
the trachyphonolites are nicely linear but do not extend toward the
Miocene basaltic compositions but rather toward more alkalic (hypo-
thetical) basalts. These geochemical data, albeit still sparse, would not
favor a genetic relationship between the oversaturated Miocene volcanics
and the overlying trachyphonolites although the absence of a time break
between both series, absence of associated alkali basalts, and other
factors have been interpreted as indicating such a relationship (Schmincke
1969).

Hertogen et al. (in prep.; written comm. 1975) have analyzed a large
number of rocks from Fuerteventura for rare earth elements and many
trace and minor elements. Their data show no significant differences in
absolute trace element abundances for the same rock types from different
volcanic series, indicating that the magmas were derived from the same
type of parental material throughout the evolution of the island. Chemical
differences between basanitoids, ankaramites, alkali olivine basalts and
olivine basalts are explained by different degrees of partial melting.

Sr- AND Pb-1soTOPES

There are only 9 published determinations of 87Sr/86Sr-ratios available
from samples from La Palma, Hierro, Gomera, Tenerife, and Lanzarote
(Bence 1966; O’Nions & Pankhurst 1974). All values range between
0.7031 and 0.7039 and are similar to Sr-isotope compositions from many
other oceanic islands volcanic rocks. Preliminary data from a much more
detailed study of rocks from the three magmatic phases of Gran Canaria
described suggest a decrease from the mildly alkalic basalts of phase I to
the nephelinites from phase I11. Late stage nephelinites from other oceanic
islands such as Oahu and the Cape Verde Islands also have relatively
low 87Sr/88Sr-ratios. (O’Nions & Schmincke, in prep.).

Lead isotope compositions from many samples of rocks from Tenerife
and some from La Palma, Fuerteventura, and Lanzarote are presented
by Oversby et al. (1971). The isotopic compositions indicate a multistage
history for the upper mantle under the Canaries. Moreover, isotopic
compositions are different for rocks from the eastern Canaries (Lanzarote
and Fuerteventura) compared with those from the western islands
Tenerife and La Palma suggesting that the mantle composition might
differ between both areas, possibly related to crustal differences discussed
above.

MAGMATIC EVOLUTION

All volcanic rocks of the Canary Islands are formed from magmas that
occur on other oceanic volcanic islands as well. Thisincludes the abundant
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rhyolitic rocks of Gran Canaria sometimes regarded as indicating
presence of continental crust. Even for the eastern Canary Islands there
is no convincing evidence that the magmas were contaminated by
continental crust. According to current thinking (see review in Carmichael
et al. (1974) chemical differences between the various mafic basaltic
magmas are best explained by different degrees of partial melting, the
most alkalic magmas representing the smallest degrees of partial fusion
of mantle peridotite. On the other hand, mantle heterogeneities, non-
equilibrium melting and other factors are increasingly recognized as
additional variables. At the present level of investigation, chemical
differences between islands can only be defined (e.g. differences in major
element composition between eastern and central Canaries: Ibarrola
1970; Schmincke 1973; or differences in Pb-isotope compositions:
Oversby et al. 1971), but no satisfying theory can be offered to explain
these differences.

Primary magmas originating in the mantle and not being appreciably
modified prior to eruption are difficult to define and the conditions of
their formation at the site of melting are poorly understood. Perhaps
most basaltic lavas on the Canary Islands are probably not primary in
the sense defined above, that is which would be in equilibrium with
mantle peridotite (perhaps excepting the olivine and melilite nephelinites).
Rather, ascending magmas probably accumulated a few km below an
island’s surface, were stored there in magma chambers at various
residence times and cooled to variable degrees. Crystals, chiefly olivine
and titaniferous augite — Cr-spinel being extremely rare in Canarian
olivines — growing in the mafic magmas were left behind in varying
amounts during subsequent eruption of the now modified magma. At
lower temperatures, Fe/Ti-oxides and plagioclase and, in the more
alkalic and hydrous magmas, kaersutite, apatite, a more sodic pyroxene
and sphene were also fractionated.

This process of low pressure crystal fractionation — recognized first
from some Atlantic islands more than 100 years ago by Darwin — has
been invoked by many workers to explain chemical variation in rock
series such as the various Las Cafiadas magmas on Tenerife (Ridley
1970; Arafia 1971; Briandle 1973) and the trachytic/rhyolitic series on
Gran Canaria (Schmincke 1969a, b) (Fig. 28).

Other processes such as vapor phase transfer of certain elements, in
particular alkalis, has also been proposed but is generally difficult to
pinpoint because elements amenable to such transport are commonly
also lost easily during eruption in the gas phase, during crystallization
or during diagenesis of glassy volcanic rocks. Very high concentration
of alkalis, however, in some strongly differentiated series such as the
Roque Nublo volcanics (Fig. 29), are difficult to explain by crystal
fractionation alone and maybe due to preferential migration of alkalis,
perhaps in a fluid phase.
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Fig. 28. Chemical composition versus stratigraphy of the peralkalic ignimbrites of the
upper Mogan Formation (Miocene) from Gran Canaria (compare Figs. 44 and 45).
Each letter represents a cooling unit, for which generally several chemical analyses
were averaged. The cooling units C, D, and E show particularly striking change in
chemical composition from the basal, main part (subnumber 1; dot) to the top flow
units (subnumber 2; circles) which are generally more mafic and less peralkalic. This
is thought to represent the upside down stratigraphy of chemically and mineralogically
zoned magma chambers in the upper parts of which the most differentiated and most
peralkalic magmas developed.



Fig. 29. Alkali/silica variation diagram showing analyses of rocks from the three main
magmatic phases on Gran Canaria. Circles denote Miocene rocks (phase I); dots
represent rocks from the Pliocene Roque Nublo Group (magmatic phase II); squares
and crosses are late Pliocene and Quaternary rocks (phase III). The lines separate
tholeiites from alkali basalts (lower line) in Hawaii (MacDonald & Katsura 1964);
the middle line separates alkali basalts and basanites on Moheli Island (Indian Ocean,
Strong 1972); the upper line separates basanites and nephelinites in eastern Africa
(Saggerson & Williams 1968). Most analyses are unpublished; some are from Fuster
et al. 1968c.

A particularly interesting type of magmatic evolution is the occurrence
of several distinct magmatic phases (Figs. 29-31).

The chemically defined rock suites described above show a systematic
succession on several islands, the more alkalic magmas generally being
erupted during the later stages in the evolution of an island (Hausen
1962; Ibarrola 1969, 1970; Schmincke 1967a, 1973, 1974; Hernandez-
Pacheco & Ibarrola 1973; Schmincke & Flower 1974). Such a succession
is most strikingly developed on the island of Gran Canaria (Fig. 29, 30;
table 2).

During the almost 15 Ma long history of the island, three major
magmatic episodes occurred. The first episode includes a shield-building
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Fig. 30. Normative compositions of basaltic rocks (DI < 35) of magmatic phases I
to III from Gran Canaria. Fe,Oj; recalculated to 1.5 weight per cent prior to calculation
of the CIPW norm.

series of slightly alkalic (compared to later series) basalts comprising both
ne- and hy-normative compositions. It is overlain by voluminous
peralkaline rhyolites, trachytes, and trachyphonolites. This first phase is
separated from the second one by an erosional interval of 5 Ma. The
second phase is composed of more alkalic and undersaturated basalts,
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basanites, ankaramites, tephrites and hauyne phonolites. An erosional
interval of about 1 Ma separates this from the third magmatic phase,
comprising dominantly nephelinites, still later melilite nephelinites, and
basanites.

These 3 rock series can be well distinguished from each other in an
alkali-silica diagram, from which the following information can be
gained (Fig. 29): 1. Each rock series occupies a distinct field in the
diagram with little overlap. 2. In each group, the derivative rocks are
clearly related to the basaltic ones suggesting genetic relationships.
3. Magmatic series I and II have abundant differentiates while those
of phase III have almost none. 4. With decreasing age the rocks become
more alkalic and less silicic.

Taking the basaltic rocks only (DI < 35), a clear distinction can also
be made in Fig. 30. Basalts of phase II comprise a few hy-normative
flows near the base of the formation. There is a suggestion that there may
be actually 2 cycles in the island’s magmatic evolution: cycle I (phase I:
Miocene basalts plus silica-oversaturated rocks; phase II: trachyphon-
olites (no parental basalts erupted) ; phase I1I: nephelinites of El Tablero
Formation); cycle II (phase I: ‘tholeiites’ near the base of Roque Nublo
group basalts; phase II: bulk of Roque Nublo volcanics; phase III:
identical to phase III in the 1 cycle model). However, many more data
are needed to define cycles and phases more precisely.

The type of cycle described above does appear to occur, though less
clearly developed, on other Canarian and Atlantic islands as well
(Schmincke 1973; Schmincke & Flower 1974). It most strongly resembles
the Hawaiian magmatic evolution (table 3; Fig. 31).

Table 3. Magmatic phases on Hawaii and Gran Canaria

Common parameters Differing parameters

Three magmatic phases separated by Durations of magmatic phases and
erosional intervals erosional intervals

Decreasing volumes and eruptive rates Absolute volumes

of successively younger phases

Increasing alkalinity, silica under- Eruptive rates
saturation, incompatible elements, light
REE during younger phases

Decreasing Sr-isotope ratios Composition of phase I and II, to a lesser
degree phase III magmas

Gabbroic xenoliths in phase I and II, Volume and composition of derivative
‘mantle’ xenoliths in phase III volcanics = magmas
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Fig. 31. Comparison of three-phase magmatic evolution between Gran Canaria and
Hawaii. The rectangles indicate volumes of igneous rocks. For scale, the shield-building
lavas of Hawaii (phase I) are assumed to have a volume of 20 000 km3. Striped patterns
indicate mafic rocks, white rectangles differentiated derivatives. Note difference in

scale between both provinces. Data for Hawaii are taken from various sources and are
highly simplified.



The properties listed on the left side of Table 3 are those that describe
the main boundary conditions of the magma generating processes to
some degree while the properties on the right side are second order
features depending on rate of ascent, establishment of a magma chamber,
eruptive rates etc.

The melting episode in the mantle beneath an island during which the
shield building lavas are produced may be called primary melting
episode, and those of the second and third stage secondary melting
episodes if we accept that the occurrence of the second and third stage is
in many cases a consequence of the first one. Thus the initial or primary
melting event during which large volumes of mantle were affected
started and caused a chain of events consisting of periods of alternating
non-productive (erosional) time intervals (repose) and productive phases
generating smaller volumes of more alkalic and silica-undersaturated
magma at roughly the same place but perhaps from different mantle
material and perhaps coming from successively greater depth. The
magmas used the same general reactivated conduit system. It is probable
that the sites of the instabilities generating at least the secondary melting
episodes reside near the base of the lithosphere. The initiation of the first
melting event is a matter of conjecture. Perhaps the most common and
simplest explanation is that of a propagating fracture with consequent
pressure release leading to partial melting and rise of magma or to
upwelling of mantle diapirs. The origin of such fractures has been ex-
plained recently by Oxburgh & Turcotte (1973) as due to membrane or
thermal stresses as the lithospheric plate cooled. Other theories include
the shear melting of Shaw (1973) and the rising mantle plumes of Morgan
(1972). No matter how melting was initiated it proceeds very rapidly in
the beginning maybe by thermal feed back and runaway reactions.

Shaw & Jackson (1973) have recently proposed a model in which
mantle residue left after melting is heavier than the surrounding material
and acts as a gravitational anchor which tends to fix a melting anomaly
with respect to the mantle.

This downwelling of dense mantle residua not only stabilizes the
anomaly but also causes inflow of fresh parental material into the area of
melting. ,

This ingeneous model is concerned, however, with what is here called
primary melting episode and is constructed to explain the shield building
phases of linear volcano chains. It does not attempt to explain the one or more
Juvenescent stages. Perhaps the origin of the succession of magmatic phases is in
some as yet obscure way related to the interplay of vertical downward movement
of a heavy residue left after the primary melting episode and horizontal movement
of the lithosphere with respect to the asthenosphere.
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Sedimentary rocks

Apart from the Mesozoic marine assemblage on Fuerteventura and the
heterogeneous pyroclastics and epiclastic conglomerates and fanglom-
erates which occur in all islands, there are abundant calcarenites, in
part cemented, being particularly common on Fuerteventura, Lanzarote
and, to a lesser degree, Gran Canaria. They are made up of fragments of
calcareous shells of marine organisms washed ashore by wind and
currents (in part forming large dunes); all white beaches on the Canaries
are dominantly calcarenites, which may become cemented by evaporating
seawater and diagenetic alteration. They have been studied in detail by
Miiller and co-workers (Miiller 1964 ; Miiller & Tietz 1966 ; Rothe 1968b;
Tietz 1969; Miiller 1969). ‘Beach rocks’ are also common (Fig. 32).
Large clastic wedges (fossil alluvial fans) have developed at the mouth
of major barrancos and may continue far into the ocean judging from
submarine contour lines (e.g. on Gran Canaria, Schmincke 1968). The
most detailed study is that on the Las Palmas fan on Gran Canaria which
consists of conglomerates, fanglomerates, mud flow deposits and sand and
siltstones, interbedded with hyaloclastites, calcarenites and volcanic
rocks (pumice flow deposits, Roque Nublo breccia sheets, and basaltic

Fig. 32. ‘Beachrock’ (beach sand cemented by carbonate minerals formed during
evaporation at low tide) at mouth of Barranco de los Frailes (Gran Canaria).
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lava flows, in part pillowed) (Lietz 1973, Lietz & Schmincke 1975,
Navarro et al. 1969).

Several stages of lowered sea level were dated on Gran Canaria
(Lietz & Schmincke 1975) and they coincide with regressions from other
parts of the world during Late Miocene-Pliocene.

Fossil flora and fauna

The general paucity of fossils on the Canary Islands is not surprising since
basaltic volcanoes grow very rapidly with little time for the accumulation
of sediments. Moreover, stream erosion is not rapid during build-up of
such volcanoes because of the high permeability of basalt flows. During
longer erosional intervals most of the epiclastics formed are washed off an
island. Those few fossils that are found, however, are generally important,
not so much because of their stratigraphic value, but more because of
their ecologic significance, e.g. as indicators of landbridges, migratory
paths and interinsular transportation vehicles, sea level fluctuations and
paleoclimate.

The oldest known fossils are Cretaceous foraminifera on Fuerteventura
(Rothe 1968). Next in age are ostrich eggs of Miocene/Pliocene age
found in calcarenites interbedded with basalts on Lanzarote (Rothe, 1964,
1966; Sauer & Rothe 1972). Since all evidence indicates that ostriches
were never able to fly, these birds must have walked (or run) from Africa
to the Canaries via some type of landbridge. Long known are the ‘Mid-
Miocene’ marine fossiliferous calcarenites of the ‘Las Palmas Terrace’ on
Gran Canaria (Rothpletz & Simonelli 1890). These rocks are discussed
in more detail below.

During Roque Nublo time (Early Pliocene) Gran Canaria was forested
as shown by abundant leaf impressions, trees (now dolomitized) (Fig. 33)
and many tree molds, including bamboo, palm, and laurel-type trees
(Schmincke 1967b, 1968b). Such trees, torn away by storms or heavy
rains, could have provided ideal rafts for inter-island transportation of
smaller animals and of plants. Tree molds and skeletons of turtles and
giant lizards were described from pumice flow deposits of late Pliocene
(?) age from Tenerife (Burchard & Ahl 1928; Hausen 1956).

Marine (?) fossils of Miocene (?) age were described long ago from
the base of a fossiliferous fanglomerate at the mouth of Barranco de las
Angustias on La Palma (Gagel 1908; Hausen 1969). Because of their
importance these deposits and their fossils need to be restudied. A fossil
forest, about 3000 years B.P. old, made of Pinus Canariensis has been found
during excavation of a cinder cone on Gran Canaria (Nogales & Schmin-

cke 1969) (Fig. 34).
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Fig. 33. Completely dolomitized tree trunk at base of Roque Nublo Breccia. Head of
Barranco de Agaete (Gran Canaria). Age of tree about 4 million years.

117



Fig. 34. Trunk of Pinus Canariensis, 3075 4 50 years (B.P.) old, formerly covered with
basaltic cinder. Caldera de los Arenas (Gran Canaria).

118



GEOLOGY OF THE INDIVIDUAL ISLANDS

In the remainder of this report, the geology of individual islands is
discussed, proceeding from east to west.

The most detailed stratigraphic framework of the different rock series
on the islands is given by Fuster and co-workers. Its basic structure is as
follows, in order of decreasing age: basaltos I, basaltos II, basaltos ITI,
and basaltos IV. The advantage of this system is that it allows quick
identification of the relative age of a rock series.

There are two main drawbacks to this system. Firstly it is too rigid, and
many exceptions have already been made by Fuster et al. For example,
the second most voluminuous basaltic series on Gran Canaria is that
following basaltos I. While one would have expected it to be called
basaltos II, it was called ‘Pre-Roque Nublo Basalts’ by Fuster et al.
(1968c) and basaltos II are a still younger series of lavas. A more serious
disadvantage of the system is that it immediately suggests inter-island
stratigraphic correlation. But, in fact, basaltos I etc. may be of quite
diverse ages on different islands (Fig. 3).

In the present report, stratigraphic terms not implying inter-island
correlation have thus been used for most islands. A more formal rock
stratigraphic nomenclature (group, formation, member) is used for
Gran Canaria, the best studied island. Type sections are illustrated by
photographs and some chemical data are given. This formal system
should eventually be used on other Canary and Atlantic islands as well.

Fuerteventura

This is the second largest (1731 km2, 807 m maximum elevation above
sea level) island but is very thinly populated. Major geologic studies are
those by Hartung (1857), Bourcart & Jeremine (1938), Hausen (1958),
and Fuster et al. (1968a). Perhaps the most challenging geologic aspects
are those of the basal complex in the western part of the island (Fig. 35;
table 4).

THE BASAL COMPLEX

The basal complex of Fuerteventura is significantly older than the
subaerial volcanics which cover most of the island above sea-level. The
largest exposure of this complex makes up the Betancuria Massif, and
there are isolated smaller areas to the north and south. Recent work by
Gass, Stillman, Fuster, Hernandez-Pacheco and coworkers led to a
considerable revision of ideas on the basal complex. Part of this work has
been published in abstract (Bennell-Baker et al. 1974) and the following
section is based on this publication.
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Fig. 35. Geologic map of the Betancuria-Pajara area (modified after Gastesi 1969,
Fig. 3). 1: Peridotites; 2: Gabbros; 3: ‘Alkalinized’ rocks; 4: Submarine volcanics;
5: Subaerial volcanic rocks; 6: Alkaline intrusions; 7: Cretaceous marine sedimentary
rocks; 8: Quaternary basalts; 9: Pliocene (?) basalts; 10: Calcarenites.

MESOZOIC AND TERTIARY SEDIMENTARY ROCKS AND SUBMARINE
VOLCANIC ROCKS
Mesozoic and Tertiary sedimentary rocks and submarine volcanic rocks

(Detrital sediments of Fuster et al. 1968a, p. 196; Submarine volcanic
series and subaerial volcanic tuffs of Fuster ez al. op cit. p. 199).
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The oldest rocks seen at the present erosion level are submarine volcanics
overlain by marine sedimentary rocks discovered by von Fritsch (1867)
and re-discovered by Fuster & Aguilar (1965) and Rothe (1968a). In
part of the sequence foraminifera of Cretaceous age have been found
(Rothe 1968a). These Mesozoic sediments are laminated shales and
siltstones, turbiditic sandstones, thin tuffs and limestones; metamorphism
and metasomatism has converted the laminated shales to siliceous
hornfelses resembling banded cherts and the limestones to unique
marbles. The sediments have been involved in deformation which has
imposed a regional cleavage usually almost parallel to the bedding and
much of the observed sequence is inverted by large-scale folds. According
to Rothe (1968a) these rocks are similar to rocks from the adjacent
African continent and from the Island of Maio (Cape Verde Islands).
Clastic components of quartz, quartzite, rounded zircons etc. indicate
derivation of these sediments from the African continent (Rothe &
Schmincke 1968). At the top of this sedimentary sequence interbedded
hyaloclastites and pillow lavas appear, and the succession passes into a
thick series of submarine volcanics. The bulk of these rocks are hyalo-
clastites and volcanic breccias; reworked volcaniclastic sediments are
common. Pillow lavas make up a small percentage of the sequence and
some bedded tuffs are recorded. The bedded volcanic rocks are traversed
by a number of synchronous sheet intrusions of petrographic types
identical to those of the pillow lavas.

Because of subsequent intrusion of a dike swarm it is difficult to trace
the continuity of the stratigraphic sequence, but it seems that towards
the top of this submarine volcanic pile tuffs become much more common,
calcareous tuffs appear with thin limestones which become more frequent
until thick fragmental limestones containing abundant shell debris are
seen. Fossils of Miocene to Eocene age have been recorded from this
horizon (Fuster, pers. comm.). The question as to whether there is a
continuous succession from the Cretaceous to Tertiary rocks has not been
resolved. Neither the regional cleavage nor the large scale folding and
overturning of the Mesozoic sediments and early volcanics can be traced
into the Tertiary tuffs and limestones, and it might well be supposed that
a significant break occurs within the succession, but that this is concealed
by the dike swarm which makes up from 50 to 1009, of the observed
outcrop.

According to Fuster ef al. (1968a) the volcanic sequence continues
upwards into sub-aerial tuffs and agglomerates.

FEARLY PYROXENITE AND GABBRO PLUTONS, SYENITES AND
CARBONATITES

Early pyroxenite and gabbro plutons, syenites and carbonatites. (Part
of the ‘Basic stratiform complex’ of Fuster et al. 1968a, p. 189).
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In the central part of the Betancuria massif a large plutonic mass of
ultramafic and mafic rocks is seen. The relationship between these rocks
and the Mesozoic sediments is not clear as the contact is obscured by the
subsequent dike swarm. Intruding both the plutonics and the sediments
are abundant veins and occasional small intrusive bodies of syenite and
in several localities on the coast, small carbonatite dikes. The syenites are
essentially marginal to the mafic and ultramafic plutonics and do not
extend far into the sediments. In the absence of absolute age determi-
nations it is not possible to say whether these plutonics intrude the sedi-
ments or are overlain by them, but the balance of evidence so far suggests
that the mafic and ultramafic rocks may have been emplaced in the
lower part of the sedimentary sequence at the same time as the Mesozoic
to Tertiary submarine volcanics were being erupted.

MAIN PHASE DIKE SWARM

The sediments, submarine volcanics, early mafic and ultramafic plutonics,
syenites and carbonatites are all traversed by a swarm of mainly basaltic
and ankaramitic dikes with a general NNE-SSW trend. The swarm
contains dikes of more than one age, but the majority belong to a major
phase of permissive emplacement which involved no deformation of the
host rocks but merely a distension of the crust. Throughout this phase of
emplacement, later dikes inject earlier ones and individual dikes may be
dismembered and spread over a considerable width. Both the dikes and
their host rock show the imprint of a greenschist facies metamorphism
typical of that seen in active spreading zones of the ocean floor (Melson
and van Andel 1966). These rocks are the ‘spilitic suite’ of earlier authors
and an age of 35.3 Ma has been obtained from an altered dike (Abdel
Monem et al. 1971).

This dike complex is injected repeatedly by later dikes of very similar
composition but commonly in a lower state of metamorphism; some
contain zeolites but many have only primary igneous minerals. The bulk
of these later dikes follow the same trend as the earlier ones and it is
apparent that the initial trend of sheet intrusions was dictated by regional
stresses but subsequent emplacement was controlled by the grain of the
crust imposed by the dike swarm. The intensity of dike injection is
variable and the proportion of dikes to host rock ranges from 50 to 1009,.

LATE PLUTONS — ULTRAMAFIC AND MAFIC DIAPIRS, LAYERED GABBROS
AND SYENITIC AND TRACHYTIC RING INTRUSIONS

Late plutons — ultramafic and mafic diapirs, layered gabbros and syenitic
and trachytic ring intrusions. (Ring complexes and dikes of syenitic-
trachytic composition of Fuster et al. 1968a, p. 20, and part of the Basic
stratiform complex of Fuster ef al. op. cit. p. 189).
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Within the ‘Basic stratiform complex’ of Fuster et al. (1968a) later
plutons of ultramafic rocks and gabbros have been distinguished. These
bodies appear to have been diapirically emplaced and to have produced
metamorphic aureoles which permit the clear distinction of successive
phases of emplacement. The aureoles affect both the main dike swarm
and its host rocks of sediment, volcanics and early plutons and partial
melting of the country rock occurs in places along the margins of the
intrusions. Occasional marginal foliation and internal cataclasis was
apparently produced by stresses developed during emplacement as
essentially solid masses. The largest mass of these plutons forms the core
to the Betancuria massif, though individual intrusions are seen in areas
to the north (Fig. 35). These are commonly gabbroidal, often with
primary amphibole, and show fine igneous layering on a variety of scales.
Some of these intrusions may have been emplaced under the regional
stress field that produced the dike swarm; these are often elongated
parallel to the dike swarm. Others have been emplaced largely by stoping,
as can be seen in marginal and roof zones and may be associated with ring
fracturing.

In each phase of plutonic emplacement, ultramafic or gabbroidal
rocks are succeeded by syenites or trachytes. The latest of these form large
partial ring dikes and sheet intrusions which have been described by
Fuster et al. (1968a) and Mufioz (1969). Some are oversaturated such as
the quartz-bearing varieties at M. Tindaya in N. Fuerteventura, others
are undersaturated, carrying modal nepheline. Age determinations
(Abdel Monem et al. 1971) have yielded ages of 18-21 Ma. Carbonatites
are also associated with the late plutons.

‘OLD BASALTS

‘Old basalts’, (table-land formation of Hausen 1958; Basaltic series I of
Fuster et al. 1968a, p. 211).

These basalts (Fig. 36) form a series up to 800 m thick (Jandia). They
are composed of several subunits of lava flows and breccias (generally
near the base of the series) which are difficult to interpret due to pervasive
diking and alteration. Local unconformities and interbedded pyroclastic
and epiclastic sedimentary rocks indicate that volcanic activity was very
intermittent (Fuster et al. 1968a, p. 215), in contrast to the old basalts
e.g. on Gran Canaria where only one major unconformity and few
epiclastic rocks have been found so far (Schmincke 1968a). Divergent
trends of dikes indicate several eruptive centers (Fuster et al. 1968a,
Fig. 74). Age determinations of these basalts from the N-coast (20.6 Ma),
east-central part (11.8 Ma) and the upper Jandia section (14-17 Ma)
(Abdel-Monem ef al. 1971) also indicate a long history of eruption.
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Fig. 36. Areal distribution of Miocene basalts on Fuerteventura (redrawn after Fuster
et al. 1968a, Fig. 67).

PLIOCENE AND QUATERNARY BASALTS

Pliocene and Quaternary basalts (Basaltic series II and III of Fuster
et al. 1968a, p. 220).

A long erosional interval of possibly 10 million years duration separates
the rocks discussed above and several younger eruptive periods (Abdel-
Monem et al. 1971).

125



Fuster’s Series II basalts comprises the shield volcano basalts of earlier
authors (mainly west of M. Tindaya), and the large field in the center of
the island (between Ampuyenta and Antigua) and poorly preserved
cones (Tetir group). Dates from these in Barranco de M. Molinos are 4.2
and Toston 1.8 Ma (Abdel-Monem et al. 1971).

Series 111 basalts (Fuster et al. 1968a, p. 225) (flows and cinders cones)
are somewhat better preserved than those of series II. They occur only
E and NE of La Oliva. Some flows show tholeiitic affinities.

SUBRECENT BASALTS
Subrecent basalts (Series IV of Fuster et al. 1968a, p. 229).

The youngest basalt flows and cinder cones are subrecent, show very well
preserved geomorphic forms, and are probably at most a few thousand
years old. These rocks cover much of the northern part of the island, a
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