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Chapter 20
Relics of Continental Lithosphere in the Atlantic by Data of (Th/U}n,, (ThAJ)Pb and

K/Ti Systematic

N.A.Titayeva, Yu.V.Mironov.

The Atlantic Ocean, which has been rather well-studied and which up to very recent times was considered
as simple in terms of its structure and development, which were considered easy to explain on the basis of
an "elementary" spreading theory, appears to be a useful subject to which one can repeatedly revert for
discussion of a wide variety of global problems, including the problem of mantle reservoirs.

The considerable body of data now accumulated shows that variations of many geochemical and isotopic
parameters of oceanic rocks exhibit a regional character, and cannot be explained by the proposition that all
the diversity of magma varieties is derived from a homogeneous mantle [Pushtsharovsky, Peyve, 1994;
Kenneth, 1982]. Although some scientists are of the opinion that mantle inhomogeneity (both horizontal and
vertical) dates back to as early as the stage of Earth's accretion [Wood et al., 1979; Kurz et al., 1982], a
concept of upper mantle vertical stratification going back to the stage of protocrust formation [Dupre, 1981;
Wederpole, 1981; White, Hofinan, 1982] is more commonly accepted. Lateral variability of basalt
composition is thereby associated, first and foremost, with regional (and, not uncommonly, local) distinctions
in dynamics of development of magma-forming systems involving one or more mantle reservoirs localized at
different depths. At least two mantle reservoirs are recognized [Shilling et al., 1983]. One of them presents the
upper mantle layer depleted (relative to the primary mantle) with incoherent elements with large ionic radii
and radiogenic isotopes during the process of continental crust formation. This reservoir is considered to be a
source involved in melting-out of tholeitic magmas, and the differentiates of these latter (N-MORB) are
known to prevail in mid-oceanic ridges. Another reservoir, apparently deeper-seated, represents the primary
mantle material probably enriched with a number of incoherent elements due to mantle metasomatism. It is
deemed that this "enriched" mantle material goes up to the surface in the form of individual plumages,
therewith determining the geochemical and isotopic specificity of the majority of alkaline lavas innate to
oceanic islands. The interpretation of data on Pb isotopes shows that these two essential mantle reservoirs
retain their specificity over a prolonged period of 1-2 billion years [Sun et al., 1975],

"Mixed"-type reservoirs, such as one apparently located under the Reykjanes Ridge [Sun et al., 1975] are
also presumed to exist. Reservoirs of this type, which are intermediate by composition between "depleted" and
"enriched" ones, are known to produce T-type of MORB. Magmatic series of different oceanic island groups
also show pronounced distinctions in geochemical and isotopic characteristics. For example, basalts of
St. Helen are distinguished by strongly "radiogenic" Pb and "non-radiogenic" Sr, while in basalts of the Gough
and Tristan da Cunha Islands precisely the reverse of these relationships is observed [White, 1985]. Based on
this fact, a conclusion is made that basalts of the Gough and Tristan da Cunha island group appear to be
derived from old continental lithosphere (except for the upper portion of crust), whereas basalts of St. Helen
appear to originate from a mixture of depleted mantle material and submerged continental crust.

A conclusion that some "continental" component is likely to be involved in the composition of magma
sources of some alkaline island series is based on the following facts:
1) geochemical and isotopic compositional similarity of these series to alkaline volcanites of intracontinental
rifts known to be integrated into a common group of "intraplate basalts" in well-known discrimination
diagrams [Pearce, Cann, 1983; Pearce, Norry, 1979; Wood et al., 1979];
2)higher values of "incoherent element with large ionic radius/incoherent
element with small ionic radius" and "radiogenic isotope /non-radiogenic isotope" ratios relative to those
typical for the primitive mantle.

The first fact convincingly indicates that the reservoirs associated with these different geodynamical
situations are identical; on the contrary, the unambiguity of interpretation of the second above-mentioned fact
turns out to be a subject of permanent discussion. This is due to the vagueness of the mechanism of crust
material contamination by mantle matter as well as to a now prevailing view that the oceanic floor was
formed as a result of spreading.
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Methods of Investigation.

In our attemps to make clear the character of mantle heterogeneity we have used Th/U ratios which have
been calculated using the data on Th and Pb isotopic compositions [Titayeva, 1990] and K2O/TiO2 values.
These ratios belong to a group of parameters based on the relationship between incoherent elements and
commonly used to discriminate basalts from different geodynamical situation [Lutz, 1980; Pearce, Cann,
1983; Pearce, Norry, 1979; Wood et al., 1979]. The values of these parameters are dependent on melting
conditions (initial matter composition, location depth of melting region, degree of melting), but are practically
invariable over the whole course of further evolution of melts [Cox et al., 1979]. When a direct correlation is
found to exist between these parameters and values of 87Sr/86Sr (or an inverse one with 143Nd/144Nd
values), as it has been firmly established for a vast expance of the North Atlantic region [Shilling et al., 1983],
variations of their values are primarily due to the composition of the source. When such a correlation is not
observed, values of these parameters turn out to increasewith a decreasing degree of melting and/or
increasing location depth of melting region. Despite these common features exhibited by the parameters in
question, they also show some essential distinctions.

The Th/U ratio is a sensitive geochemical tracer exhibiting significantly different values in sources of
volcanic rocks confined to major global reservoirs, i.e., primitive mantle, enriched continental lithosphere and
depleted oceanic lithosphere. This fact is satisfactorily explained from the geochemical standpoint. U and Th
are lithophile incoherent elements belonging to the actinoid group. When presented in their +4 oxidation
number, they feature close ionic radii and similar geochemical properties. Low (and close) coefficients of their
distribution between essential rock-forming minerals and melt [Volpe, Hammond, 1991] cause the similarity
of their behaviour in the processes of partial melting and crystalization differentiation (within the limits of
range of variations which we have choosen here). In the presense of oxidated aqueous fluids or solutions U
tends to take on its higher oxidation number, i.e, + 6, and, as distinct from Th, turns out to be a rather labile
.constituent. The succeeding behaviour of U is governed by redox reactions. This results in a steady growth of
Th/U ratio in continental crust rocks due to partial removal of dissolved uranium into the ocean [Taylor,
McLenan, 1985]. A certain proportion of the evacuated portion of uranium is thereupon fixed in the oceanic
lithosphere, thereby causing a decrease in Th/U ratio in oceanic lithosphere and in magma derived from it.
Changes in U/Th ratios caused by redox reactions are far in excess of those due to other processes. Higher
mobility of U as compared to that of Th in the exogenesis zone (which is the only one open to sampling)
hinders the use of Th/U elemental ratio as an indicative parameter.

(Th/U)th=Kth and (Th/U)pb=Kpb parameters, are free from the aforementioned drawback, as they are
calculated on the basis of "single-element" isotope ratios, i.e., 232Th/230Th and 208Pb/206Pb,
correspondingly; hence 230Th and 206Pb are decay products of 238U, and 208Pb is a product of 232Th decay
[Titayeva, 1990].

The systematics of (Th/U)th=Kth is valid , by and large, for Quaternary volcanic rocks because of the
relatively short 23OTh half-life (80.000 years). The parameter Kth characterizes the Th/U ratio in a recent
volcanic chamber and (with somewhat lower accuracy) in a magmatic source [Titayeva, 1986].

In distinction to Kth, the Kpb parameter is an integral quantity characterizing the "pre-oceanic" history of
a magmatic source covering a period of time beginning from the onset of Earth formation and ending about
150 million years ago. Thus, the variations of Th/U ratio in recent oceanic lithosphere exert no effect on Kpb
values. By virtue of sharp distinctions in magnitude of Ti and K ionic radii, the K/Ti systematics is one of
the most highcontrast variants in a series of systematics equivalent in their content and based on relationships
between incoherent elements [Mironov et al., 1993]. For a comparative analysis of rocks we have used a
discrimination diagram constructed to discriminate basalts from dissimilar geodynamical situations [Mironov,
1990]. Its feasibility field is restricted to essentially basaltic compositions (by the classification given in
[Marakushev, 1989]) with II < Na2O+K2O+0.41(SiO2-30) <14. This diagram would not do for more acid
rocks, because in many differentiated serii evolving accordiong to Fenner's type, going from basalts to the
aforementioned rocks is accompanied by a mass-scale release of ferri-titanic oxides. Thereby Ti becomes a
coherent element, whereas K goes on accumulating in residual melt, which results in a steep rise in values of
the ratio in question within an individual series.
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Results of investigations.

The Kth systematics is represented in Fig. I by two histograms characterizing continental and oceanic
reservoirs, which are thereby complementary to each other by the "mantle" value (Plate 21, M area in Fig. I).
According to the data of this systematics, Th/U ratio in the mantle is equal to 3.4 a_+a. 0.2. Depleted and
non-depleted mantle regions are not distinguished in these histograms within the adopted step. Continental
volcanites exhibit higher values of Kth parameter (>3.6), while the oceanic ones feature lower Kth values ( <
3.2).

Values of Kth typical for volcanic rocks of the Atlantic Ocean and its western framing are represented in
Fig. 2 (Plate 21) as a Kth-U diagram. Clearly seen in the diagram is a "mantle sequence" which is a horizontal
band involving rocks characterized by different compositions and dissimilar U contents. In particular, the
members of the Iceland serii (from basalts to rhyolites) differing correspondingly in U content, fit rather well
in this sequence [Condomines et al., 1981; Titayeva et al., 1982]. At the same time, volcanites of some of the
shoreland volcanic centers of Iceland fall into the "oceanic" part of the diagram located below. Also localized
in this area are points representing tholeites of Mid-Atlantic ridge [Reinitz,Turekian, 1989; Condomines et al.,
1982], and those of the Azores (E.Faial) [Oversby, Gast, 1988],

Above the "mantle sequence" (partially covering it) are localized the compositional points of volcanic
rocks. Most remote from the "mantle sequence" are rocks of potassium alkaline serii of the East-African rift
zone [Polyakov et al., 1986], as their compositions are thought to be associated with metasomatic processes
in mantle. The compositional points of rocks of some Atlantic islands: Tristan da Cunna Islands [Oversby,
Gast, 1968], Cape Verde Islands [Titayeva et al., 1988] also fall into these area. Thus, basalts of recent
eruptions such as the Fogo volcano (Cape Verde Islands), the Cameroun volcano in the African shoreland
[Kochemasov et al., 1988] are, within the framework of Kth systematics, identical to oceanic basalts slightly
contaminated with uranium (Kth = 3.0). At the same time, alkaline rocks of these islands (picrites,
phonolites, carbonatites) and nephelinites (etindites) of the Cameroun volcano subordinate vent correspond in
this diagram to the field of metasomatized mantle. The correlation is noteworthy which has been found
existing between Th and Sr isotopic compositions both in continental rifl [Polyakov et al., 1986] and oceanic
rocks [Condomines et al., 1988].

The Kpb systematics is also represented in Fig. 3 (Plate 21) in the form of two histograms characterizing
oceanic and continental Earth regions. Cenozoic continental volkanites feature values of Kpb varying from 4.0
to 4.2 and showing steep rises in the areas of metasomatized mantle. Oceanic volcanic rocks, except for the
areas of isotopic anomalies and islands corresponding to them, exhibit Kpb values varying within a restricted
range from 3.7 to 3.9. At the boundary between those former and these latter a band of intermediate values is
always present. The cause of quantitative distinctions between Kpb and Kth values is beyond the scope of our
report.

Distribution of Kpb within the borders of the Atlantic Ocean (Plate 21, Fig. 4) follows the same regularity
which has been noted for Kth . However, comparatively larger amount of data on Pb isotopic composition has
allowed for the marking out a number of anomalies. The largest band-type anomaly is located in the Southern
Atlantic. Beginning at the shore of Africa, it is traced by Walvis Ridge [Richardson, Erlank, 1982], Discovery
submarine mountain, Gough and Tristan da Cunna Islands [Sun, 1980; Hanan et al., 1986]. Within the borders
of the Mid-Atlantic Ridge this anomaly covers a segment between 34 55' S.Lat. and 46 21' S.Lat. [Hanan et
al., 1986], The Bouvet island falls out beyond the boundaries of this anomaly [Sun, 1980]. Another anomalous
area is noted near the equator (0 56' N.Lat.) at the St.Paul ultrabasite massif [Roden et al., 1984]. It is
intriguing that young olivine basalts occurring within the boundaries of this massif feature a typical oceanic
value of Kpb = 3.87. One more Kpb anomaly is located to the north of the Azores, from 45 51' N.Lat. to 46
32' N.Lat. [Dupre, Allegre, 1980], Individual islands of Azores differ from each other in isotopic composition.
They exhibit values varying from typical "oceanic" ones (3.82 at St.George) to "subcontinental" ones (4.02 at
Flores). Other anomalies may conceivable also exist, for which the isotopic data are yet not available.

It is noteworthy that alkaline serii are not necessarily characterized by anomalous Kpb and 87Sr/86Sr
values. In particular, volcanites of St.Helena exhibit a oceanic composition [Sun, 1980]. In Ascension Island
[Weis,1983] tractates, pantelleries, comendites and recent tholeites feature rather close, typical oceanic values
of Kpb = 3.8. Much the same values are characteristic of granite of this island. At the same time, Kpb values
of gabbro and monzodiorite xenoliths are close to the continental ones.
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Another group of anomalies, apparently of different tectonic settings, is represented by islands located
along the shores of continents :the Cape Verde Islands, Canaries, Madeira, Fernande de Noronha [Sun, 1980].
It is worth nothing that in certain segments of Kpb anomalies (for instance, in Cape Verde Islands) young
basalts, as distinct from other alkaline rocks, exhibit typical oceanic Kpb (and Kth) values.

The K/Ti systematics of basalts indigenous to the Atlantic Ocean and some regions of intracontinental
volcanism is shown in Fig. 5 (Plate 21). All the basaltoids occurring within the borders of the Ocean are
characterized by K2O/TiO2 < 0.65. Midland basaltoids typically feature the values of this parameter larger
than 0.32. In accordance with this fact, a sector of (0.32 < K2O/TiO2 < 0.65) is marked out in the diagram so
that compositions of both oceanic and continental rocks fall into this sector. The boundaries between oceanic,
intermediate and continental sectors coincide with the boundaries of corresponding fields in a discrimination
diagram proposed earlier which has been worked out based on more extensive factual data [Mironov, 1990].

Purely "oceanic" K2O/TiO2 values (<0,32) are typical for a majority of basalts of mid-oceanic ridges and
oceanic islands. As it has been shown earlier, each of the provinces of the Mid-Atlantic ridge separated by
large transform faults is characterized by a certain relationship between Ti and K represented by a parameter
of A=K2O/(TiO2-0,75) [Mironov, 1991]. For instance, basalts with the lowest A values (<0,2) corresponding
to N-type of MORB occur to the north of the Charlie Gibbs transform fault in Reykjanes and Kolbensey
Ridges and to the south of the Oceanographer fault approximately up to 25 S. Lat. Hygher A values (0,2-0,6)
typical for T-type of MORB are observed between the Oceanografer and Charlie Gibbs faults, to the North of
the Jan-Mayen fault and in the southern region of Atlantic. The boundary between N- and T-types of MORB
coincides (within the accuracy of construction) with a vector of K2O/TiO2=0,13, which is in agreement with
the value of this parameter in primary mantle [Teylor, McLennan, 1985], This fact is consistent with concepts
stating that that the N-type of MORB is derived from depleted mantle, while N-type is thought to originate
from a somewhat higher-enriched source.

The boundary between the N- and T-types of MORB in the coordinates of TiO2 and K2O contents also
coincides with a demarcation line between TOR-1 and TOR-2 types whith are melted out at different depths
[Dmitriyev et al., 1979]. This fact indicates that magma generation from a T-type enriched reservoir occurs at
larger depth (25-30 km) as compared to that originating from depleted mantle. It has also been found that in
the course of spreading development within the boundaries of a province an evolution of volcanism from T-
type of MORB to a shallow N-type is observed in cases [Dmitriyev at al., 1984]. This fact implies that there is
vertical inhomogeneity in the ocean mantle.

Tholeites and, to even larger extent, alkaline rocks of volcanic islands, the composition of which fall into
the purely "oceanic" sector of the diagram (Iceland, Faeroe islands and many islands of the Pacific Ocean), are
enriched with incoherent elements as compared with MORB. This fact might be thought of as reflecting the
common tendency of increase in depth of melting-outs in the course of their development. It is seen in the
example of Iceland (Fig. 5) that the compositional line of basalts innate to these islands is an extension
(accompanied by a moderate but progressing deviation towards an increase in K2O/TiO2) of a trend of
compositional changes exhibited by basalts inherent in the Reykjanes and Kolbeinsey submarine ridges
localized in the same province. Although tholeites typically feature the values of A=0,2-0,3, and alkaline
basalts exhibit A values running up to 0,4-0,5, in the Reykjanes and Kolbeinsey submarine ridges they are
always less than 0.2 [Mironov, 1991]. Similar relationships are also noted in other regions, in particular, they
may be exemplified by submarine T-type tholeites and somewhat higher-alkaline island rocks of the Red Sea
Rift. However, an overall systematic shift of these formations towards higher values of K2O/TiO2 relative to
those typical for volcanic serii of the Iceland dome results in the fact that the most alkaline rocks of the Red
Sea islands turn out to be localized in the diagram in the vicinity of a boundary with the "intermediate" sector.
One could also consider volcanites of the Cape Verde Islands and Bouvet island as alkaline analogues of T-
type of MORB, since their compositions being also localized nearby this boundary.

Anomalies characterized by enhanced K2O/TiO2 values relative to conjugated segments of mid-oceanic
ridges are, in addition, also manifested out of any association with island alkaline volcanism. For instance, the
anomaly at 45 N.Lat. is bounded in the north by an area adjacent to the Charlie Gibbs fracture zone, and this
area is characterized by extremely low A values (<0,2); in the south it is bounded by a series of segments
with intermediate values equal to 0.2-0.4. In the anomaly by itself the values of 0.4-0.6 are prevalent. It is
worth noting that Iceland volcanic complexes exhibiting rather close A values are characterized by
significantly higher differentiation degree and alkalinity, which, along with some other petrochemical
parameters (Fe8 [Klein, Langmuir, 1987], B [Mironov, 1991]), point to a larger (as compared to the region of
45 N.Lat.) depth of magma separation from mantle diapir. Thus, compositionally common-type mantle
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reservoirs in different provinces may generate magmas at different depths. Thus, enhanced depth of litosphere
and overall relief elevation in the region of the islands are, first and foremost, associated with the increase in
depth of melting-out. A correlation between "enrichment degree" of a mantle reservoir and relief elevation,
which has been established with a high degree of confidence by the example of the Iceland Dome [Hart et al.,
1973], holds good only within the boundaries of individual provinces, but will not work if used to account for
relief distinction between the provinces [Mironov., 1991], These distinctions are more closely associated with
depths of magma formation [Klein, Langmuir, 1987].

Volcanites of the Atlantic Ocean, which are characterized by "intermediate" K2O/TiO2 values, appear to
be credible candidates for the role of indicators of continental-lithospheric blocks. They typically occur in two
distinct position. Tholeitrc basalts (E-type MORB) form local but intensive anomalies (A =0.6-1.2) confided to
areas of intersections of mid-oceanic ridges with certain transform fault zones (the Oceanographer, Jan Mayen
and some other faults) and to the Azores triple junction. They are characterized by a high degree of
differentiation and extremely low values of some parameters (Fe8 [Klein, Langmuir, 1987], B [Mironov,
1991]) which might point to the separation of magmas from injections of strongly differentiated abyssal
metter. This latter appears to be the most enriched and, presumble, the most deep-seated of all essentially
oceanic mantle reservoirs. Relatively differentiated variants of the tholeites under discussion, as considered in
the framework of K-Ti systematics, are similar to tholeites of midland traps. However, relying solely upon the
methods used in this study, we would not be entitled to make a conclusion about the complete identity of
reservoirs feeding volcanic systems that are so dissimilar in geodynamical position.

Volcanites of some islands located within the boundaries of the aforementioned regions of isotopic
anomalies (Gough, Tristan da Cunha, St. Paul islands) could be considered as indicators of subcontinental
lithosphere with a somewhat higher degree of confidence. However, in this case different interpretations are
also possible. In particular, these volcanites may be considered as alkaline "island" analogues of the E-type of
MORB. At the same time, it is of interest that, in distinction to other evolutional island serii, a noticeable
decrease in K2O/TiO2 values with increasing alkalinity (and, correspondingly, depth of melting-outs) is
observed. In Fig. 5 (Plate 21) this effect is reflected in a steep rise in TiO2 at K2O held constant. The same
regularity is also noted for a volcanic series of continental-marginal Cameroun volcano. Tholeitic shallow
basalts exhibit typical continental values of K2O/TiO2 closely approaching the crustal values [Taylor,
McLennan, 1985]. As alkalinity increases, the K2O/TiO2 values take on an "intermediate" character, reaching
(in most alkaline basalts varieties) values close to purely "oceanic" ones. As has been pointed out above and
in the literature [Kochemasov et al., 1988], such an oceanization of subcontinental lithosphere in both cases is
also established based on the results of a diversity of isotopic
studies.

Among the volcanites of East-African rifts, rocks of moderately-alkaline potassium-sodium formation and
potassic alkaline formation are distinguished [Belousov et al., 1974]. The field of moderately-alkaline basalts
in the diagram turns out to coincide almost absolutely with the field of alkaline rocks innate to "anomalous"
islands and to the Cameroun volcano, thus exibiting geochemical similarity to a reservoir feeding trappean
fields. Only highly-alkaline rift rocks fall into the purely "continental" sector of the diagram. Their melting-out
depth is estimated to be about 100 km fBelousov et al,, 1974], and high K2O/TiO2 values are thought to be
associated with the presence of metasomatized subcontinental mantle. However, by the virtue of the fact that
in Fig. 5 the field representing the rocks under consideration, as well as that portraying highly-alkaline
etindites from the Cameroun volcano subordinate vent, is essentially limited by a vector corresponding to the
K2O/TiO2 value involved in the modelled lithosphere composition [Taylor, McLennan, 1985], it is not
inconceivable that one of the causes of the aforementioned enrichment of rocks with K against Ti may consist
in the extraction of incoherent elements from a crustal source.

Conclusion.

Using three independent methods based on relationships between incoherent elements, by and large
consistent variants of systematics for volcanites of the Atlantic Ocean and regions of midland magmatism in
Africa have been developed. Within the framework of (Th/U)th and (ThAJ)pb systematics, clear distinctions
between "depleted oceanic" and "enriched continental" reservoirs have been determined. The establishment of
geochemical specificity of these reservoirs dates back to no less than 150 million years ago. The area of
overlap of their compositional fields corresponds approximately to the modelled composition of primitive
mantle. In the Atlantic Ocean individual areas (such as the region of 45° N.lat. in the Mid-Atlantic Ridge or
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the St. Paul island) and even whole provinces (the South-Atlantic Province, including Walvis Ridge, Gough
and Tristan da Cunha Islands and a segment between 35° and 46° S.Lat.) are noted, within which volcanites
exhibit typical "continental" composition. This allows for the suggestion of the presence of subcontinental
lithosphere in these areas.

Through proportional relationships between Ti and K (elements radically differing from each other in the
magnitude of ionic radius), four basaltoid groups are distinguished. Two of them (N- and T-types of MORB
with corresponding relatively higher alkaline rocks of the majority of islands) are known to be found in
oceans only. Inasmuch as the demarcation line between these groups goes through the K2O/TiO2 value
equal to that typical for modelled primitive mantle, these groups may be thought to be associated with
depleted and intermediate (or mixed-type) mantle sources. The depleted source virtually absolutely
corresponds to the "oceanic" reservoir marked out by (Th/U)th and (Th/U)pb. Oceanic (but not continental)
basalts predominantly falling into the overlap area are associated with the "mixed-type" source by (ThAJ)pb
systematics. Exception is made for tholeites of the 45 N.Lat. region of the Mid-Atlantic Ridge, which turn out
to be "subcontinental" by (ThAJ)pb systematics. Although they feature enhanced

(relative to basalts of adjacent areas) K2O/TiO2 values, these values are restricted to the limits of purely
"oceanic" interval.

Maximum K2O/TiO2 values due to melting-out from intensively metasomatized mantle and, presumably,
subsequent interaction of melts with continental crust matter are exhibited solely by the most potassium-rich
and, as a rule, alkaline variants of basaltoids innate to intracontinental rifts and the Cameroun volcano. In
oceanic volcanites with such extremely "continental" characteristics have not been found. All the rocks
featuring "continental" values of (ThAJ)pb and (Th/U)th parameters and, thus, considered as credible
indicators of continental-lithospheric blocks in oceans feature lower values of K2O/TiO2, the latter
corresponding to values typical for rocks of continental-marginal volcanois (such as Cameroun), traps and
moderately-alkaline potassium-sodium variants of basaltoids innate to intracontinental rifts. Tectonic settings
of oceanic formations included in this group are rather diversified.

Tholeitic "enriched" basalts (E type of MORB) are developed predominantly in the areas of intersections of
mid-oceanic ridges with certain transform fault zones. They are associated with the most "enriched" and,
conceivably, the most deep-seated of all the oceanic reservoirs. The assumption of complete identity of this
reservoir and reservoir feeding intracontinental tholeitic and moderately-alkaline magmas lead one to infer
that some geochemically homogeneous source is present in the upper mantle, and that this source is almost
universally widespread in both oceanic and continental regions. In oceans this source is likely to be located
beneath the depleted and intermediate-type mantle, and in the continents - immediately underneath the crust
but above the regions of mantle subjected to a higher-intensive metasomatism. However, relying solely on the
methods used in this study, we would not be entitled to state such an identity.

The most likely areas of continental lithosphere in oceans are fixed in the regions of islands which are
"anomalous" by data of (Th/U)pb, (ThAJ)th and K2O/TiO2 systematics (Gough, Tristan da Cunha, St. Paul
islands). Here, as distinct from typical oceanic islands (such as Iceland and others), where alkaline rocks, as a
rule, appear to originate from a more "enriched" source than tholeites, "continental" values of all the
parameters tend to give way to the "oceanic" ones as the alkalinity of rocks increases. A similar regularity is
observed in continental-marginal regions of Africa (the Cameroun volcano). This suggests in both cases the
presence of one of the mantle oceanic reservoirs beneath the crustal source. The number of areas with
subcontinental lithosphere relics can be substantively enlarged if one includes here also the islands lying
along the coasts of continents (Cape Verde Islands, Canarie Fernande de Noronha and some others), where
oceanization of subcontinental lithosphere is reliably established by the results gained in (Th/U)th and
(Th/U)pb systematics.
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