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G. RivALENTI, G. P. SIGHINOLFI (*)

GEOCHEMISTRY AND DIFFERENTIATION PHENOMENA
IN BASIC DIKES OF THE FREDERIKSHAB DISTRICT,
SOUTH WEST GREENLAND

Abstract — The basement rocks in the Frederikshdb district are intersected by
several generations of basic post-orogenic dikes whose age varies from pre-Cam-
brian to Mesozoic. In this work samples belonging to the following generations
have been geochemically examined: MD 1, MD 2, MD 3 (pre-Ketilidian dolerites),
TD (Mesozoic dikes), Lamprophyres (younger dikes but of unknown age). Major
and trace elements (V, Cu, Zr, Ni, Co, Cr, Sr, Ba, Y, Rb, Sc and Zn) have been
determined. MDs have a general composition similar to the one of continental tho-
leiites, while TDs and Lamprophyres clearly show alkalic affinities.

Several geochemical trends have been statistically tested for MDs and the trends
conform with those expected in a classical igneous differentiation.

Variations which can be observed among the dikes of the same generation
have been related to local differentiations of the magma chamber. Small variations
among the various generations have been attributed to a slight evolution of the
magma. Differentiations are also present in the same dike from margin to center
and, in one examined case, in a vertical sense too. The center is slightly more dif-
ferentiated in respect to the chilled margins and the upper part in respect to the
lower. Some hypotheses are investigated to account for the mechanism of differen-
tiation within the dike. These hypotheses also explain the irregular behaviour of
some elements and ratios such as Rb, K/Rb, etc..

INTRODUCTION

The basement area between Qagssip kangerdluarssua and the
inland ice (Fig. 1), Frederikshab district, South West Greenland,
the petrology and geology of which has already been described by
RivaLenTI and Rosst [1970], is intersected by several generations
of post-orogenic basic dikes. Basic dikes from different regions of
Greenland have already been described by several authors (see for

(*) Istituto di Mineralogia, Universita di Modena (Italy).
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istance JENSEN [1962]; HENRIKSEN [1969a]; WaTT [19691). The pre-
sent work represents a contribution to a better knowledge of the
phenomena which affect the dikes. The various generations of the
basic dikes have been labelled by the GGU (Geological Survey of
Greenland) geologist in the following way: MD 1, MD 2, MD 3, BD,
TD, Lamprophyres (JENSEN [1966]). The first three generations are
thought to be pre-Ketilidian. In effect they cut basament gneisses at
least 2600 m.y. old, but appear to be older than the ketilidian supra-
crustal succession which is reckoned to be about 2000 m.y. old
(HENRIKSEN [1969b]). BDs most probably are Gardar dikes. The
TD generation is most likely to be Mesozoic, as a Mesozoic
age has been discovered on a TD dike cropping out S of the
Frederikshadb town (LarseEN [1966]). The age of Lamprophyres is
doubtful, though most probably they are relatively younger dikes.
In the area investigated in this study no MD 1 and BD have been
found. Even if the non-occurrence of MD 1 is possibly due to im-
perfect field observations, the BD generation probably fade out
towards N as they have not been found in neighbouring areas too
(Cuapwick [1969]). The field description of the dikes has already
been made in a preceding work (RIvaLENTI, Rosst [1970]). It is
nevertheless worth summarizing briefly the main features. The dike
thickness varies from a maximum of 300 m to a minimum of a few
cm. The thickest dikes are found in the MD 2 generation, in which
two sub-generations can be locally distinguished in the field on
the basis of their mutual intersections. Their general strike is to-
wards NE but varies from NNE to ENE. The MD 3 dikes have a ge-
neral strike towards SE and have a maximum thickness of 80 m.
TDs are represented only by three dikes one of which is unimpor-
tant. Lamprophyres are constituted only by two thin dikes. All the
dikes show chilled contacts. A common feature in MD dikes is that
they can have a «én échelon » structure. Sometimes, at least in
the case of the biggest dikes, they stop suddenly with a swarming
of a lot of minor dikes and veins. All these features should indicate
that the actual exposed part of the dikes represents a shallow
depth, as is also reported by CHaDWICK [1969] who studied the pat-
tern of dike intrusion and fractures in this region.

The locality of the samples considered in this work is shown
on the sketch map of Fig. 1, where only the dikes from which a
sample has been collected are represented. In the map a sample of
MD 1 is not reported because it was collected in another nearby
area.
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The aim of this work it to study the geochemistry of these
dikes. Particular care has been devoted to the investigation of
eventual chemical variations in time among the various genera-
tions and in space within single dikes.

In order to characterise the dikes better a short petrographic
description is given below.

PETROLOGY

The description of the main petrological features can be found
in RivaLentr and Rossi [1970]. The characters of the samples
examined in this work are reported in Table 1. The following
‘observations can be made.

MD dikes. - They are all characterized by an ophitic intergrowth
of plagioclase and clino-pyroxene. From the rims to the center the
grain size increases, the texture passing from the porphyritic to the
doleritic. Plagioclase, often zoned, varies slightly in composition
from the contacts (more calcic) to the center of the dikes. Plagio-
clase determinations of Table 1 are referred mainly to the center
of the crystals. Pyroxene is usually of augitic type, but pigeonite
and enstatite may also appear near the contacts. Olivine (from Fo
80% to Fo 50%) is usually limited only to the contacts. Olivine, pi-
geonite and enstatite, when they occur, are partially re-absorbed
and show augitic rims. Biotite, which is normally a reddish-brown
type, increases towards the center and is often strictly associated
to opaque (magnetite). Brown and green hornblende may be also
present. Alteration (deuteric?) of the preceding minerals gives chlo-
rite, epidote, uralite etc.. No metamorphic feature can be seen to
have affected these dikes. MD 2 dikes are rarely intersected by thin
hydrothermal veins.

TD dikes. - They have a sub-doleritic (intergranular) texture
and are characterized by a fairly acid plagioclase (up to 35% anor-
thite) and by larger amounts of biotite and sometimes apatite in
respect to MDs. Olivine can also be present in appreciable amounts.
Primary brown hornblende is a common minor constituent. Zeo-
lites may occur as fillings of small vesicles. Opaque are always
present.

Lamprophyres. - Of the two examined dikes, one (XVI) presents
a spessartite-like mineralogical assemblage and the other is a strong-
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ly zoned dike, the composition of which varies from an ultramafic
assemblage at the contacts to a camptonitic type at the center. The
amphibole of the first dike is strongly zoned (pleochroism at the
center X = pinkish yellow, Y = reddish brown, Z = deep brown;
at the periphery the colours become darker and greener). A partial
chemical analysis carried out on the amphibole of this rock has
given these results:

TiO: = 5.30, Fe:03 = 2.99, FeO = 15.60, CaO = 10.85, MgO = 8.65,
Na:0 = 2.81, K20 = 1.12

The high alkali content reveals that the crystals are largely com-
posed of a barkevikitic term, while the high Ti indicates that the
composition is displaced towards a kaersutitic member. Kaersutitic
hornblende is common in camptonitic rocks and in some alkaline
plutons (DEERr, Howig, ZussMAN [1963], Vol. 2, p. 321); recently it
has also been described in mafic inclusions of alkali basalts by Aokt
[1970].

The second dike at the contact is largely formed by partially
serpentinized olivine, the composition of which varies from Fo 86%
to Fo 75%. Pyroxene, abundant, is strongly pinkish and rich in il-
menite inclusions. Towards the center, biotite, amphibole (again
of a kaersutitic type) and apatite increase.

CHEMICAL DATA

We have considered one dike of the MD 1 generation (one sam-
ple), 8 dikes of the MD 2 generation (21 samples), 4 dikes of the
MD 3 generation (8 samples), 2 dikes of the TD generation (4 sam-
ples), 2 Lamprophyres (4 samples). The analytical results for major
and trace elements as well as Niggli numbers and some element
ratios are reported in Table 2. The CIPW norms for 19 complete
analyses are given in Table 3.

The examination of the norms reveals the MD dikes to be tho-
leiites (or olivine tholeiites when normative olivine and hyperstene
appear) following YopeEr and TirLLEy [1962]. The same characters
have also been noted by HENRIKSEN [1969 a] in the MD dikes of
the Ivigtut region.

Only one sample (73860) is slightly differentiated in an ande-
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sitic sense. TD samples have an evident alkaline tendency. It is
worth noting how, on the one hand, the TDs are sensibly differen-
tiated, as can be seen from their normative ab content, and on the
other, they are still highly mafic because of the high iron content.
The CIPW norms of the two samples of Lamprophyres show that
one is an ultramafic rock with an anomalous high titanium content
and the other, previously classified as spessartite on a mineralogical
basis, is an alkali basalt.

If the samples are plotted on an alkali-alumina diagram (Kuno
[1960, 1968]), it can be seen that MDs plot in the tholeiitic field,
except two which plot in the alumina-basalt field. The TDs and
Lamprophyres constantly plot in the alkali-basalt field. Similar in-
dications are given by an AFM diagram (see for instance NOCKOLDS
and ALLEN [1953]; GREEN and POLDERVAART [1958]; MACDONALD and
Katsura [19641). In such a plot the MD samples follow a tholeiitic
trend, though slightly shifted towards an iron-rich trend, while TDs
and Lamprophyres approximate an alkalic trend. The general che-
mistry (mainly the high Ti content) makes TDs and Lamprophyres
similar to the «high-titania alkali-olivine basalts» described by Ro-
BINSON [1969].

ConpiE et al. [1969] report the averages of major and trace ele-
ments for several basaltic groups. By comparing our results (Table
2) with those averages, we see that the MD dikes are similar to the
continental tholeiites and that TDs present marked affinities with
alkalic suites.

By plotting the samples on K/Rb vs. K and Sr/Ba vs. K dia-
grams (Figs. 2 and 3) it can be seen that MDs generally plot in the
continental tholeiite field, while in one diagram (K/Rb vs. K) TDs
fall in the alkali basalt field and in the other one sample falls in
the alkali basalt field and the other three plot outside of all fields.
It may be noted that the average MD values of Sr is considerably
lower than the value reported by ENGEL et al. [1965] for the conti-
nental tholeiites, and that similarity exists with the Sr-depletion
trend of the Tasmanian and Antarctic tholeiites and with the
Wyoming diabases (CoNDIE et al. [1969]).

DISCUSSION OF SOME GEOCHEMICAL TRENDS

Some geochemical trends of major and trace elements have
been examined by statistical analysis for MD samples only. TDs
and lamprophyres have not been statistically tested, the number
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Fig. 2 - K vs. K/Rb diagram. The areas outlined for the major rock types are re-
drawn from CoNbpIE et al. [1969]. Solid symbols = samples from center or from
the inner part of the dikes; open symbols = samples from contacts. (0) = MD
2; (J) = MD 3; (A) = TD; (V) = Lamprophyres.
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of samples being too small. The results of the statistical calculations
(mean values, correlation coefficient 7, ¢ test) are summarized in
Table 4. From Table 4 it can be seen that some of the most obvious
igneous variation trends are present in the dikes, suck as those pre-
sented by the couples mg-k, mg-Cr, mg-Ni, mg-Zr, MnO-FeO, MnO-
total Fe, Ca-Sr, Rb-K and P:05-TiO.. Most of them are easily un-

10 T T
5 1 .
] Alkali i
Sr/Ba / Basalts
4 v m
(@]
1.0 -

- Continental

0.5 'Ghnndritesj Tholeiites

d Antarctic and Tasmanian—/
Tholeiites

0.1 , : : —
0.1 0.5 1 K 3

Fig. 3 - K vs. Sr/Ba diagram. Symbols and references as in Fig. 2.
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derstandable and will not be discussed. Some other relationships
deserve some remarks.

mg-TiO» and Cr-TiO.. There is in both cases a good negative
correlation (Fig. 4). From the summary data of RoNnov and MIGpisov
[1965], Ti strongly increases from ultramafic to mafic rocks and
decreases from mafic to felsic rocks. Cr and mg regularly decrease

TABLE 4 - Statistical calculations for MD samples

X y X v n ” t i
mg k 047 0.13 30 —0.57 3.71 2.05
mg TiO, 047 1.54 30 —0.90 10.68 2.05
mg Zr 047 91 30 —0.83 7.76 2.05
mg Cr 047 150 30 0.59 3.83 2.05
mg Ni 047 116 30 0.79 6.87 2.05
MnO TiO, 0.203 1.54 30 0.80 7.08 2.05
MnO FeO 0.203 10.50 30 0.85 8.58 2.05
MnO tot. Fe 0.203 14.52 30 0.79 6.88 2.05
MnO \% 0.203 303 30 0.48 291 2.05
MnO Zn 0.206 132 26 0.52 2.96 2.07
MnO Y 0.203 33 30 0.63 4.28 2.05
T, P,0; 1.54 021 29 0.64 445 2.05
TiO, \% 1.54 303 30 0.51 3.10 2.05
TiO, i 1.54 91 30 0.90 10.66 2.05
TiO, Cr 1.54 150 30 —0.65 448 2.05
TiO, 4 1.54 33 30 0.66 4.63 2.05
Ca0 Sr 9.77 150 30 —0.16 0.86 2.05
Ca0 Ba 9.77 180 30 —0.84 8.05 2.05
Sr Na,O 150 2.30 30 0.72 5.44 2.05
Sr Ba 150 180 30 0.49 294 2.05
K Ba 045 180 30 0.84 8.30 2.05
Zn FeO 132 10.77 26 0.50 2.83 2.07
Zn tot. Fe 132 14.82 26 0.56 332 2.07
¥ tot. Fe 33 14.52 30 0.51 3.12 2.05
Y Zr 33 91 30 0.57 3.70 2.05
K Rb 045 17 30 0.78 6.66 2.05

X and ¥ = mean values of the variables.
n = number of samples.

= correlation coefficient.
= Student’s test values; ¢/ = tabular (5% probability).
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from ultramafics to felsics. Therefore a negative correlation has
to be expected in the range from ultramafic to mafic rocks.

TiO>Zr. The positive correlation between these elements is
very interesting because, as is well known, Ti and Zr have different
behaviour during a fractional differentiation. Most probably the
Ti-Zr correlation depends on the peculiar stage of differentiation
of MD dikes, as in this stage both tend to become enriched in the
residual liquids.

MnO-TiO2, MnO-V, MnO-Zn, TiO»>-V and TiOs-Zn. The positive
correlations between these couples are explainable because all these
elements have a tendency to enter the ferromagnesian minerals, fol-
lowing the geochemical behaviour of iron (see for example WAGER
and MitcueLL [1951]). The degree of correlation, high for some
couples and low for others, may depend on the fact that elements
can enter various phases in different ways. For instance, NAUMoOV
and GuURIN [1967] have pointed out that Ti is concentrated in tita-
nomagnetite (and ilmenite), and V in magnetite and possibly in
pyroxene.

Ba-CaO, Ba-K (Fig. 5) and Na.O-Sr. There is a fairly high cor-
relation in all the cases, negative in the first, positive in the other

3
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0.5 "
¢ °
o] L ®e
)
= gl =
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0.1

10 50 100 500 1000 Ba

Fig. 5 - Ba-K diagram. Symbols as in Fig. 2.
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two. These trends could be explained in the following way: among
the various phases, Ba and K can be concentrated only in feldspar
and biotite, but the amount of biotite in these dikes is always very
low. Therefore, the bulk of K and Ba must be supplied by plagio-
clase, as there is no K-feldspar. As is well known K and Ba contents
increase from the calcic to the sodic terms of plagioclase (HEIER
[1962]; EwarT, TAYLOR [1969]). Thus the negative correlation be-
tween Ca and Ba could indicate that the variations in the Ca con-
tent of the rock are essentially a consequence of variations in the
An content of plagioclase, while the amount of Ca given by the py-
roxene has to remain roughly constant. The Na-Sr relationship can
be explained in a similar way: Sr can only enter plagioclase in
this case and, as HEIER [1962] points out, its amount increases from
labradorite to oligoclase. This also accounts for the (weak) correla-
tion between Sr and K.

K-Rb. There is an obvious positive correlation (Fig. 6), highly
significant (» = 0.78) in spite of the anomalous K/Rb ratio of some
samples. These anomalies will be discussed later on.
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Fig. 6 - Rb-K diagram. Symbols as in Fig. 2.
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DIFFERENTIATION TRENDS

Differentiation in MD dikes. - From the examination of the
analyses it can be seen that differences exist within single genera-
tions of dikes, even if only the contacts, which presumably better
represent the original composition (CoNDIE et al. [1969]), are con-
sidered. These differences, which are reflected in the geochemical
trends of Table 4, discussed above, indicate that the magma had
suffered local differentiations in the various parts of the magma
chamber before the emplacement of the dikes. Furthermore, slight
differences also exist among the average composition of the various
MD generations and much bigger differences among MDs and the
following. Unfortunately, only one sample was available for MD 1,
therefore no reliable observations can be made about the variations
among this and the successive generations. It can be observed (Table
2) how most elements in the various MD generations vary, although
slightly, in the sense that the younger one results faintly more dif-
ferentiated than MD 2 (and MD 1). These observation are also sup-
ported if the solidification index (Kuno [1960]) is plotted vs. the
various oxides: the average S.I. for the MD 2 contacts (and for MD 1
sample) is slightly higher than that of MD 3 contacts. Also, the be-
haviour of the trace elements conform to this pattern, as Cr and Ni,
for instance, decrease from the older to the younger dikes, while
Ba, Sr, Zr, Mn increase. Rb remains roughly constant in MD 2 and
MD 3 contact samples, as does the K/Rb ratio.

Besides these differentiation trends, which are essentially con-
sequent local differentiation phenomena in the magma chamber and
evolutions of it in time, other differences can be observed within
single dikes. In particular the dikes are seen to have different com-
position from contacts to center and, in the sole case examined, in
the vertical sense as well. The most significant differences observed
between the centers and the margins have been set out in Table 5.
In this table the results relative to nine outcrops of MD dikes, one
TD and one Lamprophyre are reported. The samples of the dike IV
have not been considered in the following discussion because the
rock is weathered.

From consideration of major and trace elements it can be
seen that Mg, Ni, Cr and Co decrease generally from the contacts
to the center, though the variations are small, while elements such
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as K, Na and Sr generally increase. These variations suggest that
the center of the dikes is slightly differentiated in respect to the
contacts, as found for istance by RaGLAND et al. [1968].

Nevertheless, some variation trends do not fit with the pattern
just observed. It has been shown, for istance, that when all the MD
samples are considered Ti is strongly negatively correlated to g
(r = —0.90, Table 4). But, if we consider the variations in the single
dikes, while MD 3 conform to the normal trend, MD 2 do not in four
cases out of six, because Ti decreases with mg at the center. Other
anomalies are seen in the behaviour of the K/Rb ratio, which in-
creases towards the center in all the MD 2 dikes, while in MD 3 it
decreases slightly. As the center of the dikes seems to have suffered
a slight differentiation, K/Rb should be expected to decrease from
the contact to the center in relation to increasing K (Smaw [1968]).
The increase at the center is dependent on an abnormal decrease of
Rb. This obviously affects the Rb/Sr ratio as well, which therefore
decreases at the center, while, as can be observed from the data of
GUNN and WATKINS [1969], it should be expected to increase with
differentiation. It is worth noting that the K/Rb ratio values are
fairly constant at the contacts, while at the center they vary con-
siderably, sometimes attaining values of the order of those of the
oceanic tholeiites.

Samples of the same dike (dike VIII), but collected at diffe-
rent heights, have enabled us to check for any vertical composi-
tional variations. The summary data of Table 5 show that, while the
lower and upper contacts have a very similar composition, the cen-
ters present much stronger differences. In particular, Mg, Cr, Ni
and Cu are concentrated in the lower center, while Al, K, Ti, Zr, Ba,
Rb and Sr (see also Table 2) increase strongly in the upper center,
the latter thus being more differentiated. The vertical differentia-
tion of the central part is evidenced also by the K/Rb and Rb/Sr
ratios, the first of which decreases strongly (from 733 to 205) to-
wards the higher levels, while the second increases.

Differentiation in TDs and Lamprophyres. - Only one dike of
the TD generation has been examined to verify the presence of even-
tual differentiations between the margin and center. No significant
conclusions can be drawn for this dike owing to the contrasting
trends of the various elements.
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The Lamprophyre is very strongly chemically zoned, as the
mineralogical observations might lead one to expect. In particular,
the contact is characterized by a strong enrichment of Mg, iron and
Cr, while Ti, Ca, K, Na and Zr concentrate at the center.

Interpretation. - While the variations among the dikes of the
same generation and among the various generations can be easily
interpreted in terms of an obvious slight magma chamber differen-
tiation, the interpretation of the phenomena occurring in the same
dike is puzzling. Several mechanisms can be investigated to explain
a transversal differentiation in a dike. GiBB [1968], investigating
ultramafic zoned dikes, invokes mainly a mechanism of flow to
explain the different distribution of olivine. The variations observed
in the present work do not conform to Gibb’s distribution types,
which are characterized by an olivine enrichment at the center.
This indicates that flow mechanisms, such as those prospected
by Gibb, did not act in our case.

Convective currents are also unlikely to be responsible for the
within-dike differentiations, as it is generally held that convective
currents do not occur in such small bodies (CARR [1954]; WALKER
[1956]; WAGER [19631]). In the present case, therefore, other hypo-
theses must be investigated. Two tentative explanations might be
the following.

i) The margin represents the undifferentiated original magma,
as is considered by several authors (see for instance CoNDIE et al.
[1969]). The chilled contacts can thus be considered as a « frozen »
system, while the coarse-grained, matrix-free center had to remain
in a molten state for a longer period. Given these conditions, one
is lead to think that no interactions occurred between contact and
center after the rapid solidification of the former. In this case the
center could have changed its composition in respect to the contact
through a vertical differentiation mechanism. This mechanism may
have been provided by a combined downwards gravitative precipi-
tation of first-formed crystals and an upwards migration of salic
material. Such a migration implies that the viscosity of the magma
has to be low, which may be caused by a high volatile content, and
that a thermal upwards gradient exists. This mechanism leads to
a progressive upwards increase in acidity of the center in respect
to the chilled contacts avay from the magma chamber. The high
volatile content, besides influencing the viscosity of the magma,
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could at the limit have caused gaseous transfer-like phenomena. In
this connection, as Rb follows a gaseous phase easier than K
(AHRENS et al. [1952]; TavrLor et al. [1956]; BowbpeN [19661), the
downwards increase of the K/Rb ration is explained. Thus this
ratio can also reach values which are abnormally high in respect
to the contacts.

ii) After the formation of the thin « frozen » crust at the con-
tacts with the composition of the original magma, the remaining
part of the magma undergoes cooling, which slows down progressi-
vely towards the center. This causes a fractional crystallization with
progressive enrichment of salic elements and volatiles in the residue
melt at the center. The more felsic composition of the upper center,
in the dike vertically examined, can be caused by a more advanced
fractional crystallization, probably under the influence of a high vo-
latile content. This implies that the volatiles were concentrated in
the upper levels, probably already during the magma emplacement.
The behaviour of Rb and of the ratios where it enters, can be ex-
plained as in the preceding hypothesis.

The above prospected hypotheses require that the within-dike
differentiation occurs when the magma is no more affected by rapid
upwards moviments. The lack of evident flow features conforms
to this point of view.

The differentiation schemes just prospected do not fit at all
with the trasversal differentiation in the Lamprophyre. To explain
the ultramafic chemistry of the margin an accumulation process
must be admitted, as it is unlikely that its ultramafic composition
should be regarded as representative of one of the original magma.
Segregation of olivine, pyroxene, kaersutite, titanomagnetite etc.
from an alkali basalt magma under hydrous conditions at a deep
of about 25-30 km can lead to the formation of an ultramafic cu-
mulate (Aok1 [1970]).

The anomalous behaviour of Rb and related ratios in MD 2
dikes has already been explained by the above prospected hypo-
theses. Nevertheless, another interpretation could be given by a
wall-rock Rb contamination affecting the margins of the dikes. Since
the Rb content of the dikes is always very low, it can easily be in-
fluenced even by a slight contamination from the Rb-rich migmati-
tic country gneisses. The presence of rare hydrothermal veins in
MD 2 dikes makes it possible. The strongest objection to the hypo-
thesis of contamination is that the K/Rb ratio in the contacts re-
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mains fairly constant, while spreading at the center, and moreover,
that the MD 2 contact values are similar to those of MD 3 contact,
which have never been found to be affected by any hydrothermal
vein.

CONCLUSIONS

The preceding description and discussion have shown that:

i) the MD dikes generally have a composition which falls in
the field of the continental tholeiites, while TDs and Lamprophyres
have a more alkalic tendency;

ii) the variation trends for major and trace elements conform
to those of a normal fractional differentiation;

iii) younger dike generations are slightly differentiated in res-
pect to the older one;

iv) within single generations the various dikes present diffe-
rent compositions, even when considering only the contacts, thus in-
dicating that the magma chamber has undergone local differentia-
tion phenomena;

v) a small differentiation exists between chilled margins and
centers of the MD dikes. Nevertheless the variations between one
dike and another, even within the same generation, are greater than
those within the same dike. A marked vertical differentiation, with
increasing acidity upwards, has also been found in one of the MD 2
dikes examined. This mainly affects the central part.

Two hypotheses have been proposed to explain the variations:
a) « freezing » of the margin and mechanism of differentiation at the
center by combined downwards precipitation of first formed cry-
stals and upwards migration of felsic elements and volatiles; b)
fractional crystallization advancing towards the center but not af-
fecting the chilled margins and leading to an enrichment of felsic
elements and volatiles at the center. A strongly-zoned lamprophyric
dike with ultramafic margins does not fit in the above-considered
schemes of differentiation;

vi) variations across the MD 2 dikes of some elements and
ratios (Ti, Rb, K/Rb and Rb/Sr) do not conform with the normal
differentiation pattern. The anomalous increase of the K/Rb ratio
at the more differentiated center has been interpreted by a Rb mi-
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gration together with volatiles. This migration is connected with
either of the mechanisms of differentiation above prospected. A wall-
rock Rb contamination of the MD 2 contacts has been proposed as
another possible explanation of the anomalous behaviour of Rb and
related ratios.

ANALYTICAL METHODS

Si and Al have been determined by X-ray fluorescence following
the procedure described by DE VEccHT et al. [1968].

Mn, total Fe, Mg, Ca, Na, K, Zn have been determined by ato-
mic absorption spectroscopy following SiGHINOLFI [1969].

Ti, Zr, Cr, Ba, Y, Rb have been determined (analyst Sighinol-
fi) by non-destructive X-ray fluoresecnce, following the methods
described by HAHN-WEINHEIMER and ACKERMANN [1963]. Calibration
curves were constructed from standard rock samples W-1, T-1,
AGV-1, BCR-1, GSP-1, and BR. The analytical error for most
elements is estimated to be 3% while for Rb about 10%.

Ferrous iron has been determined by the semimicro procedure
of MEYrROWITZ [1963].

V, Ga, Cu, Ni, Co, Sc have been analyzed by optical spectro-
scopy (analyst Bollingberg). The error for all elements is 10%,
excluding Sc, which was semiquantitatively determined (error 50% ).

P:0;5 and controls on major element determinations have been
carried out by Sgrensen, following BorGeN [1967].
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