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The use of A n  and Sr data on plagioclase in a study of 

basic xenoliths in a gabbroic mass at Hamar,  Somalia 

By J. R. BUTLEI~ and W. SKIBA 

Depar tment  of Geology, Imperial  College, London, S.W. 7 

[Read 7 May 1964] 

Summary. In this paper we give data for An and Sr in plagioclase to demonstrate 
the presence of numerous amphibolite xenoliths within parts of a basic igneous mass 
where, after initial reconnaissance mapping, none was suspected. The data also 
show that the concentration of Sr in plagioclase from the margin of some amphi- 
bolite xenoliths is appreciably higher than in plagioclase from either the cores of the 
xenoliths or the enclosing metagabbro even though the modes and An contents of 
the plagioclase are similar. An explanation is offered, which implies that some of the 
xenoliths were amphibolites rather than anhydrous equivalents prior to their en- 
closure in the basic magma. 

T HE structure and petrological environment of the Hamar  mass 
has been described by  Daniels et al. (1965). The intrusion occupies 

a roughly rounded area of about  seven square miles and consists largely 
of olivine-gabbro and metagabbro derivatives together with some well- 
developed ultrabasic layers of peridoti te  and dunite. Olivine-gabbro 
predominates in the southern half of the mass whereas metagabbro 
occurs more especially in the north-west and east. The mass was 
intruded into country rocks tha t  are now broadly divisible into acid 
types, including gneisses, and migmati tes  and quartz-free types, 
including amphibolites and pyroxene-hornfelses (fig. 1). 

I t  was ant icipated tha t  An-Sr  relationships in plagioclase from the 
Hamar  basic rocks would be broadly similar to those found for plagio- 
clase from the Dudub basic mass six miles to the north. In  tha t  mass 
i t  may be recalled tha t  plagioclase from 12 gabbro and 17 non-marginal 
metagabbro specimens ranged in An composition from An67 to An56 
and in Sr concentration from 1000 to 1450 ppm; and i t  was concluded 
tha t  processes involving merely the amphibolit ization of gabbro to 
produce metagabbro do not  lead to any enrichment of Sr in the plagio- 

clase. 
Results for An and Sr in plagioclase from 32 specimens of gabbro, 

olivine-gabbro, hypersthene-gabbro,  and ol iv ine-hornblende-biot i te-  
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gabbro in Hamar (table 1, upper portion, and fig. 2) confirm the narrow 
scatter of value to be expected for plagioclase samples from a little- 
differentiated igneous mass. However, values of An range from An62 
to Anas and of Sr from 1450 to 1900 ppm and whenever An values for 
plagioclase from Hamar and Dudub are similar, Sr values are different 

Fro. 1. Localities of amphibolites and  pyroxene-bearing rocks in the  amphiboli te 
facies (pyroxene-hornfelses) occurring in the  country rock and as xenoli ths in the  
H a m a r  mass,  Somalia. The area bounded by dot ted lines in the  west of the  mass  is 
particularly rich in xenoliths. Shaded areas represent  amphibolites and pyroxene- 

hornfelses, stippled areas represent acid gneisses and  migmati tes .  

and distinctive--the masses cannot have been derived from the same 
magma and undergone similar cooling histories. 

On the basis of a reconnaissance survey of Hamar the occurrence of 
xenoliths was thought to be restricted to sporadic marbles and acidic 
rocks near the western margin of the intrusion. The recognition of 
xenoliths of such composition enclosed in gabbro or metagabbro is, of 
course, straightforward. I t  is another matter, however, to demonstrate 
the existence of a xenolith when the suspect xenolith is an amphibolite 
and the host rock is a metagabbro lacking recognizable igneous texture. 

z z  
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Nevertheless the establishment of a distinction between amphibolite 
derived from country rock and that derived from the amphibolitization 
of gabbro became necessary soon after the early stages of more detailed 
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FIG. 2. An and Sr values for plagioclase from gabbro, olivine-gabbro, hypersthene- 
gabbro, and olivine-hornblende-biotite-gabbro specimens from Hamar, Somalia. 
The polygon encloses An and Sr values for plagioclase from basic, ultrabasic, and 
non-marginal metagabbroic rocks from the Dudub mass, Somalia (Skiba and 

Butler, 1963, fig. 4). 

mapping. In the south-west corner of the intrusion several masses of 
amphibolite were seen to be discordant, with weakly developed layer- 
ing, and it seemed a likely possibility that the amphibolites were xeno- 
liths. Moreover, to the north of the south-west corner a topographical 
feature required an explanation. Ridges of high ground running north- 
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south were of ma,ssive (unlayered) amphibolite similar itl appearance 
and texture to amphibolites forming the lower ground. The develop- 
ment of the ridges could be interpreted as a reflection of the primary 
structure of the gabbro. Alternatively the ridges could represent 
partially digested country rock forming a discontinuous band of 

TABLE L A n  a n d  Sr  v a l u e s  fo r  p l ag ioc l a se  f r o m  bas i c  i gneous  r o c k s  a n d  t h e i r  d e r i v a -  
t i ves  f r o m  t h e  H a m a r  i n t r u s i o n ,  S o m a l i a .  Loca l i t i e s  a r e  s h o w n  in  figs. 1 a n d  3. T h e  
bas ic  r o c k s  a re  l a r g e l y  o l i v i n e - g a b b r o s  b u t  H 79 a n d  H 121 a re  g a b b r o s ,  H 117 a n d  
H 383 a re  h y p e r s t h e n e - g a b b r o s ,  a n d  H 21 a n d  H 170 a re  o l i v i n e - h o r n b l e n d e -  
b i o t i t e - g a b b r o s .  O f  t h e  d e r i v e d  r o c k s  H 36, H 207, H 268, H 531, a n d  H 591 a re  
m e t a g a b b r o s  w i t h  p y r o x e n e ,  a n d  t h e  r e m a i n d e r  m e t a g a b b r o s  w i t h o u t  p y r o x e n e .  

Basic Rocks 

No.  A n  Sr 

t i 7 9  5 5 %  1 7 0 0 p p m  
H 1 2 1  50 1450 

H 1 3  61 1650 
1 t 6 7  58 1800 
t t 7 6  60 1750 
1 1 7 7  53 1600 
H 9 9  62 1550 
H I 0 4  48 1450 
] [ 1 0 5  54 1450 
] [ 1 0 6  50 1700 
H 1 7 4  59 1700 

Derived rocks 

No.  A n  Sr 

H 3 6  5 0 %  1 8 5 0 p p m  
H 2 0 7  53 1750 
H 2 6 8  53 2100 
I-I531 59 2000 
] [ 5 9 1  54 1800 

H 7 3  51 1900 
I [ 9 7  49 2100 
] [ 1 2 9  50 1850 

No. A n  Sr 

H 2 0 9  5 4 %  1 5 5 0 p p m  
] [ 3 0 5  59 1700 
H 3 1 0  60 1700 
H 3 1 3  59 1600 
H 3 1 9  59 1600 
H 3 2 3  60 1600 
H 3 5 9  60 1600 
H 3 6 6  60 1700 
H 4 4 4  57 1800 
H 4 4 6  58 1750 
H 4 4 7  49 1750 
H 4 4 8  49 1750 

No. A n  Sr 

] [ 4 5 1  5 8 %  1 6 0 0 p p m  
t t 4 5 4  57 1700 
H 4 9 7  50 1750 
] [ 5 4 1  52 1900 
H 5 4 7  60 1650 

H l17 51 1550 
H 3 8 3  58 1500 

H 2 1  58 1550 
H I 7 0  52 1700 

No.  A n  Sr 

H 190 5 4 %  1 5 0 0 p p m  
H 2 5 5  59 2850 
H 2 5 8  55 2450 
H 2 8 0  50 2200 
H 2 8 4  55 2400 
H 2 8 5  56 2500 
H 2 8 6  56 2450 
H 2 8 7  56 235O 
H 2 9 6  61 2400 

No. A n  Sr 

H 2 9 9  6 1 %  1 6 0 0 p p m  
H 3 0 1  60 1550 
H 3 0 2  62 1450 
H 3 4 2  58 1800 
] [ 4 5 2  57 1800 
H 4 5 8  59 1900 
] [ 4 6 0  58 2550 
H 5 3 8  60 1600 
H 6 4 1  60 2700 

amphibolite xenolith resting in massive and unlayered metagabbro. 
Any ambiguity in interpretation was removed by considering An-Sr 
relationships in plagioclase from the hornblende-plagioclase rocks 
supposedly differing in petrogenesis. The Sr concentration in plagio- 
clase from the core of suspected amphibolite xenoliths was found to be 
appreciably lower than that in plagioclase from metagabbro and 
olivine-gabbro (irrespective of An content). The interpretation that 
amphibolites with plagioclase low in Sr were in fact xenoliths was 
confirmed by analysing for Sr in plagioclase from the country-rock 
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amphibolites and pyroxene-hornfelses. Table I I  and fig. 4 give the 
da ta  and i t  will be seen tha t  there is a very clear-cut distinction between 
S t -An  values for plagioclase from the olivine-gabbro and Sr (especially) 
for plagioclase from the xenoliths and country rocks. The scatter  of 

FIG. 3. Localities of gabbro, olivine-gabbro, hypersthene-gabbro, and olivine- 
hornblende-biotite-gabbro (solid circles) from the Hamar mass, Somalia (table I, 
upper portion) ; and localities of metagabbroic specimens (triangles) from the same 
mass (table I, lower portion). Asterisks represent metagabbro samples with Sr- 
enriched plagioclase (Sr above 1900 ppm ; see text). The area bounded by broken 
lines in the west of the mass is rich in xenoliths of amphibolite and pyroxene- 

hornfels. (For 250 read 280.) 

points representing Sr and An values for the la t ter  (fig. 4) indicate, 
moreover, tha t  the country rocks are largely para-amphibolites.  

By a combination of analytical  da ta  and careful field mapping the 
existence of a wide xenolith-rich band of amphibolites near and parallel  
to the western margin of the intrusion has been proved. The strike of 
the country rock amphibolites changes considerably from about  300 ~ 
to about  20 ~ as the south-west border of the intrusion is approached; 
within the intrusion however, the xenolithic belt  runs nearly no r th -  
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south, that is, in a direction roughly parallel to the strike of the country 
rocks near the contact. 

Arising from the study and establishment of the amphibolite-xenolith- 
metagabbro relationship an unexpected feature of the comparative 
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FIG. 4. An and Sr values for plagioclase from country rocks around (open circles) and 
from the centre of xeno]iths within (crosses) the  H a m a r  mass,  Somalia. The polygon 
encloses the  values for plagioclase from the basic rocks shown in fig. 2 (and listed in 

table I, upper  portion). 

geochemistry of Sr and Na (or Sr and Ca) has emerged. Thus it has been 
shown that plagioclase from the core of the amphibolite xenoliths is 
lower in Sr than that in plagioclase from olivine-gabbro. However, 
plagioclase from the margins of some xenoliths contains more Sr than 
that found in plagioclase from any of the olivine~abhro specimens 
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analysed. Data for plagioclase from a xenolith 150 ft • 17 ft sampled 
across its width illustrate the phenomenon (H 279, H 280, table III). 
The mode of plagioclase varies between 35 ~ and 55 ~o in specimens 
H 279/1 to H 279/10 and H 280 and the An content ranges from An 50 
to An 63. Sr in plagioclase from the core of the xenolith and across 
most of its width is below 1000 ppm; that in plagioclase from 'amphi- 
bolite at the margin of the xenolith' (H 279/10) is 1800 ppm, and in 
plagioclase from 'metagabbro at the junction with H 279/10' (H 280) 
it is 2200 ppm. This concentration of Sr is appreciably higher than the 
highest concentration of 1950 ppm found in piagioclase from olivine- 
gabbro but An values are comparable. Data for plagioclase from the 
centre and periphery of two other xenoliths, H 259 and H 282, support 
these findings (table III). There is, of course, some difficulty in deciding 
how to name the specimens at the margin of or marginal to the xenolith; 
this is the reason for enclosing the description in inverted commas at 
this stage. We conclude from thin section study that H 279/10 texturally 
resembles t t  279/1 more than metagabbro near the xenolith and there- 
fore describe it as ' . . .  amphibolite . . . ', and that H 280 texturally 
resembles nearby and other metagabbro specimens rather than amphi- 
bolite at the centre of xenoliths or in the country rock. We believe that 
the 'amphibolite' specimens H 279/1 to H 279/9 have remained in an 
essentially solid state during and since attempted digestion by the 
magma but that H 279/10 represents a mixed product of, locally, 
partially melted xenolith and gabbro magma; H 280 represents a mixed 
product of substantially melted xenolith with a higher proportion of 
gabbro magma. I t  may be emphasized that there is no gradual or 
regular build up of Sr in plagioclase from specimens across the xenolith 
H 279 and into the gabbro and it is therefore suggested that the source 
of Sr in the Sr-enriched plagioclase from H 280 is the magma itself. A 
number of the amphibolite xenoliths are mineralogically and chemically 
closely similar to the metagabbros (hence the lack of the development 
of reaction rims). However, although the amphibolite xenoliths and 
the metagabbro are closely similar to each other now, this does not 
necessarily imply that the xenolith and the gabbro magma were com- 
positionally closely similar during the initial stages of digestion. A 
xenolith of amphibolite at the time of digestion would contrast with 
the magma in having a higher water content; as decomposition and 
dehydration of the amphibolite proceeds the magma immediately sur- 
rounding the xenolith would doubtless absorb the steam evolved and 
it is suggested that plagioclase crystallizing from this wet magma is 
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able to concentrate Sr more readily than that crystallizing from the 
original, drier, magma. If the introduction of water from a xenolith 
is responsible for the production of Sr-enriched plagioclase then it 
follows that rocks with such feldspars are better described as meta- 
gabbros than amphibolites in the sense that the Sr-enriched plagioclase 
will have crystallized from a largely liquid environment. 

I t  has already been shown that Sr concentrations in plagioclase from 
gabbro, olivine-gabbro, hypersthene-gabbro, and olivine-hornblende- 
biotite-gabbro specimens from Hamar lie in the range 1450 to 1900 
ppm and it has been mentioned that this is a relative spread in con- 
centration similar to that found for plagioclase from gabbro and meta- 
gabbro specimens from Dudub. At Dudub it was previously concluded 
that the change gabbro ---> metagabbro did not affect the Sr-An relation- 
ships in the plagioclase. Consideration may now be given to data for plagio- 
clase from samples described as metagabbro with pyroxene (i.e. primary 
pyroxene) and metagabbro from Hamar given in the lower portion of 
table I. The An values (Ant~ and An62 ) are comparable to those for 
plagioclase from the olivine-gabbro, etc. (An4s to An62 } shown in the 
upper portion of table I; Sr values, however, are not. Significantly all 
but one of the metagabbro specimens in which Sr in the plagioclase 
exceeds 1900 ppm are either specimens near xenoliths in the xenolithic 
belt (H 268, H 284, H 285, H 286, and H 296) or they are marginal to 
the intrusive boundary of the mass (H 255, H 258, H 460, H 531, and 
H 641). Localities are given in fig. 3. I t  is suggested that the reason 
for the enhanced Sr content in the plagioclase of these specimens is 
that they have crystallized from part of the ttamar magma that was 
more hydrous than elsewhere due to the uptake of water derived from 
the nearby xenoliths and country rock. This implies that the xenoliths 
were more hydrous than the magma immediately prior to the intrusion; 
the xenoliths would have been, for example, amphibolites rather than 
pyroxene-hornfelses. This is of direct relevance to the understanding 
of the metamorphic history of the Hamar area for it implies that some 
of the country-rock hornfelses were affected by amphibolitization meta- 
morphism prior to the Hamar intrusion. 

Not all metagabbro samples adjacent or near to xenoliths or the 
country rock margins contain Sr-enriched plagioclase; this would not 
be expected if the xenoliths or country rocks were relatively anhydrous 
at the time of the intrusion. Specimens of metagabbro in which the Sr 
concentration in the plagioclase is comparable to that in plagioclase 
from olivine-gabbro include rocks that have been amphibolitized in the 
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solid state and after the consolidation of the Hamar  mass. This may 
have occurred during the metamorphic period when the Dudub gabbro 
was partially amphibolitized to metagabbro. 

The importance of water in the uptake of Sr during the crystalliza- 
tion of plagioclase in igneous rocks could be investigated in synthetic 
melt systems; but this requires apparatus we do not at present possess. 
I t  would be expected that  the partition coefficient (Sr in liquid):(Sr in 
plagioclase) would change in favour of more Sr entering the feldspar 
of a particular An content as the water content increased. Thus basic 
feldspar, say Anss, crystallizing from a relatively hydrous magma 
containing a few hundred ppm Sr may concentrate Sr to such an 
extent tha t  less basic feldspar, say Ans0, will crystallize from a (later) 
liquid rather depleted in Sr; despite a favourable partition coefficient 
the Anso plagioclase may contain less Sr than the Anss variety. This 
is a possible explanation for the Sr-An relationship shown for plagio- 
clase from rocks of the Southern Californian batholith (Sen et al., 1959); 
as An falls from Anna to below An40 , Sr tends to fall also (in the range 
1300 to below 500 ppm). The rocks--olivine-hornblende-gabbro, 
noritic-hornblende-gabbro, norite, biotite-norite, tonalite, etc.--all  
contain either primary hornblende or biotite and plagioclase has evi- 
dently crystallized from a magma more hydrous than that  from which 
the Somalian plagioclase from Dudub, Hamar, etc. crystallized. 
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