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Ferrodiorite from the Isle of Skye. 

By L. R. WAOER and E. A. VINCENT 

Dept. of Geology and Mineralogy, University Museum, Oxford. 

[Taken as read 2 November 1961.] 

Summary. As a preliminary to an account of the marscoite suite of the Western 
Redhills Tertiary igneous centre of Skye, a description is given here of one unit, the 
ferrodiorite. While accepting Harker's hypothesis of the hybrid origin of marscoite 
(1904, pp. 175-196) we consider that the ferrodiorite, with which marscoite on 
Marsco is associated, is not itself a hybrid, but one of the parents from which the 
hybrids were formed. Among Thulean igneous rocks the ferrodiorite has minera- 
logical and chemical affinities with Hebridean mugearites, on the one hand, and with 
the ferrogabbros of the Skaergaard intrusion on the other, but is probably signifi- 
cantly different from both. 

F ERRODIORITE forms the greater part of the patches indicated as 
modified gabbro on Harker s sketch-map of Marsco in the Skye 

Memoir (Harker, 1904=, fig. 36). In  the northerly outcrops of the mars- 
coite suite of rocks from Sron a' Bhealain to Glamaig and on to the coast 
near Moll, no similar ferrodiorite is found although interesting xenoliths 
of a related material are present in small amounts. Ferrodiorite runs the 
whole length of Harker's Gully on Marsco, as a sheet between 50 and 
70 yds wide and dipping at about 80 ~ south (fig. 1); it is also found 
associated with marscoite on the east face of Marsco and, as shown by 
J. D. Bell (unpublished thesis, 1959), it extends to the southern ridge of 
Glas Bheinn Mhor, where it is cut off by a later granite. The ferrodiorite 
was intruded immediately after the marscoite proper, and in the field 
a gradual transition from marscoite to a porphyritic and then to a non- 
porphyritic ferrodiorite can be seen at manylocalities. Harker considered 
that  the ferrodiorite in the NW. Gully on Marsco was a feeder-dyke for 
the Cuillin gabbro intrusion, preserved as a relic in, and acidified by, the 
later granophyre (1904, p. 180). There is no field evidence to suggest 
that  the ferrodiorite was formed by hybridization in place, and petro- 
logical and chemical evidence, as will be shown below, suggests that  it is 
to be regarded as a late-stage fractionation product of basic magma. 
The ferrodiorite, together with the rest of the marscoite suite, behaves as 
an integral part of the Western Redhills igneous comp]ex, which came 
after the Cuillin complex and before the Eastern Redhills complex. 
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Petrology. 
The very tough rock, H. 344, collected from a large overhanging rock 

or shelter stone at about 800 ft above sea level in Harker's Gully, has 
been analysed and is typical of the coarser, non-porphyritic type (fig. 2). 
The approximate volume mode is given in table I. 

The plagioclase, average length 1.5 mm, has large cores of An49 with 
strong marginal zoning leading to about Anao. The alkali feldspar beyond 
this is untwinned and turbid. The central part of the plagioclase was no 
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FIG. 1. Marsco from the NW. showing approximate position of the rock types. The 
black strip indicates the ferrodiorite with a thin zone of marscoite along the left- 
hand side adjacent to porphyritic felsite, PF; PF', another type of porphyritic 
felsite; MPG, !~Iarsco porphyritic granophyre related to PF; GG, Glamaig granite, 
earlier than the ferrodiorite; MG, Marsco granite, later than the ferrodiorite. S 

(shelter stone), the locality of the analysed ferrodiorite, H. 344. 

doubt one of the earlier minerals to crystallize. Quartz occurs with 
interstitial habit. Apatite is strikingly abundant in small, well-shaped 
crystals. 

Olivine, although in only small amounts (about 1%),  was an early 
mineral to crystallize. I t  is pale yellow in eolour and its 2V is 59 ~ 
indicating a ferrohortonolite, 1 Fo2~. I t  alters readily to a dark-brown 
serpentine, and in specimens where no fresh olivine remains its former 
presence can often be inferred from this characteristic alteration product. 

Orthopyroxene is of two kinds: one contains exsolution lamellae 
indicative of formation by inversion of pigeonite, and the other, free 
from this type of exsolution, was presumably directly precipitated from 
the magma. Both have pink to pale green pleoehroism while the 2V 
(--63 ~ and a refractive index ( >  1-725) indicate a composition close to 
Enal. Probably about half the orthopyroxene was formed by inversion 

z Some of the mineralogical data for this rock arc taken from J. D. Bell's unpub- 
lished Oxford D.Phil. thesis (1959). 
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FIG. 2. Ferrodiorite, analysed specimen H. 344, from the shelter stone in Harker's 
Gully, Marsco. Olivines at 2B and 6E, orthopyroxene at 3 (crystal extends to the 
olivine 2B), 7D, etc.; clusters of small augites at 8C (with hornblende in centre), 
5E, etc. ; hornblende at 1A, 4, etc. Plagioclase, alkali feldspar, and quartz cannot be 
distinguished in the figure. Apatite is conspicuous and abundant. The particular 

part of the thin section photographed is more melanocratic than the average. 
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of pigeonite. The inverted pigeonite is often rimmed by directly pre- 
cipitated orthopyroxene and is then evidently of earlier crystallization. 

Augite, pinkish-brown in eolour, occurs in clusters of zoned crystals. 
Very thin exsolution lamellae give faint Newton's interference colours 
in ordinary light, as in the ferroaugites of the Skaergaard ferrogabbros. 

In polished section, the principal opaque constituent is seen to be 
ilmenite, generally in idiomorphic to euhedral crystals. Perhaps a 
quarter of the opaque ore is a titaniferous magnetite in less well-formed 
crystals, showing very fine-scale exsolution networks of ulvSspinel and 
occasional lamellae of ilmenite, Pyrrhotine, in globular form, is a note- 
worthy accessory; it is frequently partly or completely altered to 
marcasite. 

The second analysed ferrodiorite, H. 870, collected 30 yds north of the 
shelter stone, is similar to H. 344 but is more easily weathered and has 
scattered porphyritic plagioclase crystals, while the rest of the rock is 
slightly finer-grained. I t  occurs in Harker's Gully as a persistent variant 
lying to the north of the non-porphyritic type, that is nearer the mars- 
coite. The chemical analysis of this rock shows that it has essentially the 
same composition as the non-porphyritic ferrodiorite H. 344, except that 
the iron is slightly more oxidized (table I l. The opaque oxide mineral 
assemblage in H. 870 is, however, identical with that ill H. 344, but the 
proportion of titaniferons magnetite is apparently higher. Noteworthy 
accessory pyrrhotine and marcasite occur in this rock also. The analysed 
porphyritic ferrodiorite is slightly more altered than the non-porphyritic. 
all the olivine being altered to serpentine. 

Ill the porphyritic ferrodiorite, raft-like masses of coarse andesinite 
occur, measuring a few inches to a few feet in length. Rather similar 
small masses also occur in the neighbouring marscoite. The andesinite 
has the appearance of being the result of an accumulation of plagioclases 
similar to the larger crystals of the porphyritic ferrodiorite. The ande- 
sinites occur as blocks with definite margins towards the enclosing 
ferrodiorite and they must be regarded as cognate xenoliths rather than 
aggregations of crystals accumulated in the position in which they now 
occur. 

The compositions of the plagioclases and olivines that are found to- 
gether in the Skye ferrodiorite are compared in fig. 3 with the composi- 
tions of these minerals in the Beaver Bay diabase (Muir, 1954), the upper 
part of the Bushveld (unpublished data from a thesis by J. C. Boshoff, 
kindly supplied by Dr. B. V. Lombaard), and the Skaergaard intrusion. 
It  is apparent that the coexisting plagioclases and olivines of the 
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ferrodiorite of Skye are not in step with any stage of the cryptically 
varying layered series of the Skaergaard, but that the discordance is less 
in the case of the Beaver Bay and the Upper Bushveld rocks. 
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FIG. 3. Contrasted compositions of coexisting plagioclases and olivines in certain 
late fractions of basic magma. The broken line for the Skaergaard liquid indicates 

the range within which olivine is unstable. 

In describing the Skaergaard intrusion, the term ferrogabbro was used 
for rocks with andesine feldspar associated with iron-rich ferromagnesian 
minerals (Wager and Deer, 1939, pp. 98-99). It was suggested that to 
belong to the ferrogabbros a rock should have olivine richer in iron than 
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F%o. In this sense the Skye rocks are ferrogabbros. I t  has, however, 
often seemed to the authors of the original Skaergaard paper that it 
would have been better if the ferrogabbros of the Skaergaard intrusion 
had been termed ferrodiorites, because of the andesine composition of 
the plagioclases. This possibility was considered when the name ferro- 
gabbro was adopted, but the overall gabbroic appearance of rocks 
having 50 ~o or so of olivine and augite, and a low sihca percentage, as 
well as the gradational nature of the layered series from gabbros into 
these rocks, made the authors decide to use the term ferrogabbro rather 
than ferrodiorite. This was probably an unwise decision, because 
plagioelase is the most significant mineral for any natural classification 
of igneous rocks and the general name diorite is being increasingly used 
for rocks with andesine feldspar. I t  is no doubt desirable to give up the 
name ferrogabbro for the Skaergaard rocks and to substitute ferrodiorite. 
Some of the upper Bushveld rocks occurring between the magnetite 
horizon and the overlying granophyre and granite show many similari- 
ties with the Skye rocks described here and are called by Lombaard 
(personal communication) diorites, fayalite diorites, and syeno-diorites. 
In the present paper the iron-rich Slrye rocks that resemble, without 
being identical with, the Skaergaard ferrogabbros, will be called ferro- 
diorites. I t  is suggested that the name be used for rocks in which the 
actual plagioclase is not more calcic than about Ans0, while the ferro- 
magnesian minerals are iron-rich. If  olivine is present it should be more 
iron-rich than about Fo4o (see fig. 3) and any other ferromagnesian 
minerals should be correspondingly iron-rich. 

The chemistry of the Skye ferrodiorite. 
The chemical compositions of the two analysed ferrodiorites from 

Harker's Gully on Marsco (table I) are very similar. The main difference 
is in the state of oxidation of the iron. The C.I.P.W. norm and also the 
approximate modes are given in table I, along with certain ratios. The 
An40 composition of the extensive plagioclase cores is sufficiently dif- 
ferent from the plagioclase molecular ratio of the norm, An~, to indicate 
that the rims and outer alkali feldspar must be rich in soda. The iron- 
rich nature of the ferromagnesian minerals is reflected in the high value 
of 100 Fe"/(Fe"+Mg), 72. The reduced state of the rock is indicated 
by the high ratio 100 Fe"/(Fe"+Fe"),  which is 86. I f  the rock is the 
result of fractionation of basic magma, as seems probable, it must be 
regarded as a late-stage fractionation product because of its high albite 
and iron ratios, using these terms as defined by Wager (1956, p. 219). 
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I n  the  late stages of f ract ionat ion,  the  changes in amounts  of m a n y  of 

the  elements are rapid, and comparisons are difficult unless made  be- 

tween  rocks at  approx imate ly  the  same stage of fract ionat ion.  To help 

in making  significant comparisons wi th  other  rocks or rock series, the 

TABLE I. Analyses of Skye ferrodiorites. 

Albite ratio 
100 Ab 

65-3 67.4 
--  Ab+An 

100 (Ab+ Or) 
71-7 73.5 

Ab + Or + An 

Iron ratio 
100 (Fe"+ Mn) 

72-3 70"0 
- -  Fe"+ Mn+ iKg 

1. 2. C.I.P.W. norms. 

H. 344. H. 870. H. 344, H. 870. 
Si02 54.18 53.43 Q 7.77 6-37 
AlcOa 13-74 13.88 Or 10.91 ] 10.85 
F%03 1.88 3.27 Ab 29.26 ~ 56.69 31.20,57.96 
FeO 10.79 10-32 An 16-52 ) 15.91 ) 
MgO 2.42 2-56 ( Wo 2.73 ~ 3.741 
CaO 6.34 6.45 DiZEn 0.79} 5.58 1.21~ 7.60 
Na~O 3.46 3.69 ~ Fs 2.06 ) 2-651 
K~O 1.85 1.84 t ty IEn 5"231 18.,2" 5"16/"" 6" 
H~O + 1.40 0.93 ~ Fs 13.49, 10.47 J 1~' 
tt~O- 0.26 0.38 Mt 2.73 4.75 
Ti02 1.97 2.25 Ilm 3.74 4.26 
P205 1.30 1.10 Ap 3.02 2.53 
MnO 0.30 0.32 Water 1.66 1.31 
Total 99.89 100.42 

Molecular and atomic ratios. Modes (vol. per cent). 

H. 344. H. 870. H. 344. H, 870. 
Quartz 8 8 
Feldspar 53 51 
Clinopyroxene 8 9 
Orthopyroxene 11 12 
Olivine 1 - -  
Hornblende, biotite, I 12 14 

and chlorite I 
Iron ore 4.5 6 
Apatite 2.5 - -  

100 Fe" 
Fe,,+Fe ~ 

86-2 77.7 

1. Ferrodiorite (H. 344), Shelter stone in Harker's Gully, Marsco, Isle of Skye. 
(Anal. E. A. Vincent.) 

2. Ferrodiorite (H. 870) with sporadic andesine phenocrysts from middle of 
Harker's Gully, Marsco and 30 yds N. of H. 344. (Anal. E. A. Vincent.) 

albite- and iron-rat io plot (see Wager,  1956) for the two analysed Skye 

ferrodiorites and for some other  Thulean igneous rocks is given in fig. 4. 

The ferrodiorite is seen to belong to the  late stage fi f ract ionat ion stage 

and it  falls midway  between the  a lka l i -basa l t -mugear i t e - t r achy te  series 

and the  Skaergaard l iquid differentiat ion series. 

For  comparison, the analysis of a Skye mugeari te  of this f ract ionat ion 
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stage is given in table II, along with an estimate of average Hebridean 
mugearites corresponding to the middle of the late stage fl, taken from 
a previous graph (Wager, 1956, fig. 7). The mugearites are considerably 
poorer in silica, but richer in alumina and soda. They are similar in 
their richness in P~O 5. Chemically the Skye ferrodiorites cannot be 
regarded as belonging to the alkali-basalt-mugearite-trachy~e series. 

Similar comparisons can be made with the Skaergaard differentiation 
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FIO. 4. Plot of  albite and  iron ratios for the  Skye ferrodiorite 
and  other late-stage rocks. 

series. Since the composition of the Skye ferrodiorite probably repre- 
sents the composition of the liquid from which it was produced, the 
comparison is made with the estimated compositions of Skaergaard 
liquids. No one liquid is close to the Skye ferrodiorites for the major 
elements. Thus to cover both the albite and iron ratios of the Skye 
ferrodiorite, it is necessary to consider the liquid over the range LZc, 
MZ, UZa, and UZb (Wager, 1960, p. 386). The Skye ferrodiorite is 
considerably richer in SiOz, poorer in iron and lime, and rather richer in 
potash than the nearest Skaergaard liquid~. The Skaergaard differen- 
tiation series, which may be fairly characteristic of the differentiation 
trend of high-alumina type basalts (cf. Kuno, 1960), apparently does not 
closely correspond at any stage with the Skye ferrodiorites. 

It  seems probable that the Skye ferrodiorite belongs to a late stage in 
the fractionation of the non-porphyritic central, i.e. the tholeiitie 

C 
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magma-type of Mull. Unfortunately the results of fractionation of 
tholeiitic basalt in Mull, in the authors' opinion, are not yet well estab- 
lished, because some of the rocks that have been considered the products 
of its fractionation may also have suffered some degree of hybridization 
with acid materials. However, one analysed Hebridean tholeiitic basalt 
falls just within the late stage fl as defined in the paper on fractionation 
stages, and the analysis is rather close to the Skye ferrodiorites (table II,  
column F). A segregation vein from a prehistoric Kilauea basalt 
described by Kuno (1957, pp. 187-189) is also given for comparison. 
This is undoubtedly a direct fractionation product of a tholeiitic basalt 
and again bears considerable resemblance to the ferrodiorite. Com- 
parison is also made with certain late-stage Bushveld rocks (Boshoff, 
1942), the Beaver Bay iron-rich diabase (Muir, 1954), and the fayalite 
quartz dolerite of the New Amalfi Sheet (Poldervaart, 1944), all of which 
have some degree of resemblance to the Skye ferrodiorite. 

The relationship of the intrusion of the ferrodiorite to other Tertiary 
igneous events in Skye. 

Judging by the evidence from the Skaergaard intrusion about 95 ~o of 
a basic magma has to be crystallized with strong fractionation to pro- 
duce late stage fl differentiates such as the Skye ferrodiorite or mugearite 
(Wager, 1960) and it is worth noting that only relatively small amounts 
of these presumed late-stage differentiates are found in Skye. 

The Cuillin complex, at least in part, is a layered intrusion with 
cryptic variation, the rocks changing in composition from ultrabasic to 
gabbroic. The latest layered rocks that have been preserved are found 
on Druim Hain but they have not reached the ferrogabbro stage (Carr, 
unpublished thesis, and cf. Weedon, 1961, p. 191). I t  is possible that  
fractionation in the Cuillin centre produced rocks of a later stage than 
this, but even so, it is impossible for this centre to be the source of the 
ferrodiorite magma of Marsco because of the observed time sequence of 
events. Thus after the Cuillin gabbro layered intrusion was solidified it 
was injected by a series of cone sheets and these are not known to cut 
the Redhills granites. Richey (1933, pp. 74-76) therefore suggested that 
the emplacement of the granites was subsequent to all the events at the 
Cuillin centre and this has been abundantly confirmed by J. D. Bell 
(unpublished thesis 1959), who has mapped the area north of the Blaven 
range. Since the Marsco fcrrodiorites are intruded into certain of the 
Western Redhills granites, the time sequence makes it impossible for 
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the  ferrodior i te  to  have  or ig ina ted  f rom d i f fe ren t ia t ion  in the  Cuillin 

g a b b r o  complex.  

I t  seems necessa ry  to pos tu la t e  t h a t  t he  fe r rodior i te  m a g m a  is t he  

resu l t  of t h e  deep-sea ted  even t s  t h a t  p roduced  t h e  W e s t e r n  Redhi l l s  

complex.  The  s imples t  hypo thes i s  seems to  be  t h a t  a d i f fe ren t ia t ing  

basic m a g m a ,  pe rhaps  a n o t h e r  l ayered  in t rus ion ,  exis ts  below the  Wes t -  

e rn  Redhi l l s  complex,  a n d  t h a t  a l a te  f r ac t ion  of  t h i s  was in jec ted  to give 

t he  Marsco ferrodiori tes .  Geophys ica l  ev idence  t h a t  dense  basic rock 

occurs  a t  no g rea t  d e p t h  b e n e a t h  t he  W e s t e r n  Redhi l l s  suppor t s  th i s  

hypo thes i s  (personal  c o m m u n i c a t i o n  f rom Dr. M. H.  P. B o t t  a n d  Dr. J .  

Tuson) .  

Acknowledgements. The authors wish to acknowledge help in the field in the early 
days from Prof. F. H. Stewart, and since from Dr. G. M. Brown. They also thank 
Dr. B. V. Lombaard for permission to use unpublished information on the Bushveld 
rocks of South Africa, which he has kindly provided. 

References. 
BAILEY (E. B') et al., 1924. Tertiary and Post-tertiary geology of Mull, Loch Aline, 

and Oban. Mere. Geol. Surv. Scotland. 
BELL (J. D.), 1959. The geology and petrology of the northern end of the Blaven 

Range, Isle of Skye. Unpublished D.Phil. Thesis, Oxford University. 
BOSHOFF (J. C.), 1942. The upper zone of the Bushveld Complex of Tauteshoogte. 

Unpublished D.Sc. Thesis, Pretoria University. 
CARR (J. M.), 1952. An investigation of the Sgurr na Stri-Druim Hain sector of the 

basic igneous complex of the Cuillin Hills, Isle of Skye. Unpublished D.Phil. 
Thesis, Oxford University. 

HARKER (A.), 1904. The Tertiary igneous rocks of Skye. Mere. Geol. Surv. Great 
Britain. 

KuNo (H.), YAMASAKI (K.), IIDA (C.), and NAGASHIMA (K.), 1957. Differentiation 
of Hawaiian magmas. Japanese Journ. Geol. Geogr., vol. 28, p. 179. 

Ku~'o (H.), 1960. High-alumina basalt. Journ. Petr., vol. 1, p. 121. 
MVIR (I. D.), 1954. Crystallization of pyroxenes in an iron-rich diabase from Minne- 

sota. Min. Mag., vol. 30, p. 376. 
POLDERVAART (A.), 1943. The petrology of the Elephant's Head Dike and the New 

Amalfi Sheet (Matatiele). Trans. Roy. Soc. South Africa, vol. 30, p. 85. 
RICHEY (J. E.), 1932. Tertiary ring structure in Great Britain. Trans. Geol. Soc. 

Glasgow, vol. 19, p. 42. 
WAGER (L. R.) and DEER (W. A.), 1939. Geological investigations in East Green- 

land. Part  I l I .  The petrology of the Skaergaard intrusion, Kangerdlugssuaq, 
East Greenland. Medd. Gronland, vol. 105, p. 1. 

WAGER (L. R.), 1956. A chemical definition of fractionation stages as a basis for 
comparison of Hawaiian, Hebridean, and other basic lavas. Geochimica Aeta, 
vol. 9, p. 217. 

- -  1960. The major element variation of the layered series of the Skaergaard 
intrusion and a re-estimation of the average composition of the hidden layered 
series and of the successive residual magmas. Journ. Petr., vol. l, p. 364. 

WEEDO~ (D. S.), 1961. Basic igneous rocks of the Southern Cuillin, Isle of Skye. 
Trans. Geol. Soc. Glasgow, vol. 24, p. 190. 


