
OF THE

ROYAL SOCIETY OF EDINBURGH.

VOL. XXXIX.—PART II.—(No. 13).

THE

OLD RED SANDSTONE OF THE ORKNEYS.

by

JOHN S. FLETT, M.B., B.Sc.

[With a Map.]

EDINBURGH:

PUBLISHED BY ROBERT GRANT & SON, 107 PRINCES STREET,
AND WILLIAMS & NORGATE, 14 HENRIETTA STREET, COVENT GARDEN, LONDON.

mdcccxcviii.

3/11/98. Price Three Shillings and Sixpence.

)X



( 383 )

XIII.- The Old Red Sandstone of the Orkneys. By John S. Flett, M.B., B.Sc.
(With a Map.)

(Read 17th January 1898.)

Literature.

The first geologist to examine critically the Old Red Sandstone of the Orkneys seems
to have been Professor Jameson, who in 1800 spent six weeks in a mineralogical tour
through the county, and so barren did he find the islands, from his point of view, that
he counted his journey one of the most uninteresting he had ever made. As yet, the
rich store of organic remains which the dark grey flagstones contained had not been
brought to light, but the stimulus given to this branch of investigation by the work of
Hugh Miller and Agassiz awakened interest in the subject, and we find that a number of
collections was formed, especially from the quarries in the neighbourhood of the town
of Stromness. Hence when, at a later period (1848), Hugh Miller paid a visit to this
district, as narrated in his Footprints of the Creator, or the Asterolepis of Stromness,
many of the fossils of these rocks were already well known to local collectors, among
whom he mentions particularly the late Mr W. Watt of Skaill and Dr Garson of Strom¬
ness. Professor Traill of Edinburgh University had for many years been forming a
collection, and specimens had been forwarded by him to Agassiz, -who makes mention of
the fact. HughMiller, in the work above cited, and in his Cruise of the Betsy (1858),
gives a description of his visit to Kirkwall, Stromness, and various parts of the West
Mainland, which contains many interesting facts relating to the occurrence and distribu¬
tion of the fossils in these districts. Further reference to his work will be found in a

subsequent part of this paper. The general similarity of the rocks around Stromness to
the sandstones of Cromarty and the flagstones of Caithness, as regards the fossils they
contained, may be regarded as well established at this date, and the subsequent descrip¬
tions of Orcadian specimens contained in Professor M'Coy's Synopsis of Classification of
British Palseozoic Rocks (1858) served in some measure to confirm this opinion. So far,
there had been no attempt to ascertain the structure of the county, but in 1858 Sir R.
Murchison* made a brief survey of the islands. He ascertained that there were at least
two main types of sedimentary deposits in the Old Red Sandstone of Orkney,—a lower
series of flagstones and, overlying them, conformably, as he believed, a series of yellow
sandstones, well seen in the island of Hoy. The lower series at Stromness rested, by
means of a basement conglomerate, upon an axis of crystalline rock. A great advance
was made in 1878 by the appearance of the first part of Sir Archibald Geiiqe's mono-

* Sir R. Mdrchison, Quart. Jour. Oeol. Soc., vol. xv, ■ ■ • •
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graph on the Old Red Sandstone of "Western Europe.* As the result of two visits to
Orkney, in which he was accompanied by Mr B. N. Peach, he pointed out that the yellow
sandstones of Hoy did not pass down conformably into the flagstones which form the
basis of that island, but were separated from them by a marked unconformity. At
the base of the upper sandstones lay a series of contemporaneous lavas and ash beds,
which were in all probability erupted from certain ' necks' in the low-lying district at
the foot of the Hoy Hills. These rocks he regarded as belonging to the upper Old Red
Sandstone. The lower Old Red Sandstone consisted principally of a great thickness of
flagstones, with which were interstratified beds of yellow and red sandstone, and
occasionally of conglomerate. The fossils belonged exclusively to this lower series ; and
a table is given, compiled by Mr C. W. Peach, showing the distribution of fossil fishes
in the lower Old Red Sandstone of Lake Orcadie, including those of Orkney so far as
known at that time. As Sir Archibald Geikie anticipated, subsequent revision has
necessitated " considerable pruning of the fossil lists." The conglomerates around the
granite axis of Stromness formed merely a local base, " due to the uprise of an old ridge
of rock from the surface of the sheet of water in which these strata were accumulated,"
and were presumably not on the same horizon as the thick conglomerates on which, in
Caithness, the lowest flagstones rest. The sandstones interbedded with the flagstones in
South Ronaldshay were regarded as in all probability the northward continuation of the
similar rocks at Gill's Bay, Huna, and John o' Groats, on the south side of the Pent-
land Firth. From a geological point of view, the brief notice of the Old Red Sandstone
of the Orkneys contained in this paper forms by far the most important contribution to
the knowledge of the subject published up to that time.

In two papers on the Geognosy of Orkney,! published in December 1879, Professor
Foster Heddle showed the existence of a well-marked syncline beginning in the North
Isles in the island of Eday, and continuing thence through Shapinshay and Inganess Bay
to Scapa and the north-west corner of South Ronaldshay. The beds which occupy the
centre of this trough are coarse arenaceous freestones, which rest perfectly conformably
on the ordinary blue flags of the islands, and at Heclabir, in Sanday, contain thin beds
of conglomerate. These sandstones cannot, in consequence, be the same as the yellow
sandstones of Hoy, which unconformably overlie the flags. In these papers many
interesting details are given of the minerals occurring in the islands, and of the structural
peculiarities of the flagstones, especially as seen in the magnificent coast sections.

In 1880 Messrs Peach and Horne made a much more detailed examination of the
islands than had previously been attempted, and the result was an important paper on
the Old Red Sandstone of Orkney. J They showed that in all probability the upper Old
Red Sandstone of the district was confined to the island of Hoy, while the rest of the

* Sir Arch. Geikie, " The Old Red Sandstone of Western Europe," pt. i., Trans. Boy. Soc. Edin., vol. xxviii. pp. 409
and 410.

t Mineralogical Magazine, " The Geognosy and Mineralogy of Scotland," party.—Orkney, M. Foster Heddle, M.D.
1880, p. 102.

J Proc. Boy. Phys. Soc. Edin. 1880
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county consisted of the flagstones and sandstones of the lower series. The distribution
of these two members was described, and sections given to show their relation to one
another. In their paper on the Glaciation of the Orkney Islands* a map was published,
which reappears in the chapter contributed by them to Tudor's The Orkneys and Shetland,t
and leaves little to be desired so far as regards a knowledge of the distribution of the
different lithological types which constitute the Old Red Sandstone of the Orkneys. The
structure of the county, they regarded, with Professor Heddle, as, in the main, a syncline
which runs from Bday to South Ronaldshay, broken in the Mainland by two great
faults which cross it and follow the shores of Scapa Bay. In the centre of this syncline
lie the sandstones which form the uppermost member of the lower series, while the flag¬
stones form the rest of the district, with the exception of the area occupied by the upper
Old Red Sandstone in the island of Hoy. They showed also that in Shapinshay, among
the yellow sandstones of the lower Old Red, occurred a belt of contemporaneous volcanic
rocks, consisting of a single outflow of a diabasic lava.f

I.—The Pal/eontologigal Subdivisions oe the Orcadian Old Red Sandstone.

The Eday Sandstones.—So far, those geologists who had endeavoured to make out
the structure and succession of the Orcadian Old Red Sandstone had relied mostly on
the different types of sedimentary rocks to establish their conclusions, without reference
to the fossils the rocks contained. But in 1896, in a paper read to the Royal Physical
Society of Edinburgh,§ the present writer showed that among the yellow sandstones of
the lower Old Red Sandstone of Deerness, Orkney, occurred three fossils not previously
recorded from Orkney, and known only to occur in the John o' Groats sandstones of
Caithness, viz., Dipterus macropterus (Traq.), Tristichopterus alatus (Egert.), and
Microbrachius Dicki (Traquair). In this way the opinion, already expressed by pre¬
vious authors, || that the sandstones which conformably overlie the flagstones in
Orkney were the northern representatives of the similar beds at John o' Groats, Caithness,
was confirmed by palseontological evidence. During the following summer investigation
was made whether the sandstones in other districts of Orkney, to which had been
assigned the same position, contained the same suite of fossils, with the result that in
several of the localities examined (in Shapinshay, Inganess Bay, and Eday) one or
other of them was proved to occur, and it was established that they constituted the
type fossils of a palseontological zone of the Orcadian Old Red Sandstone, which was
at the same time distinguished by the lithological characters of its rocks. This may, in
consequence, be designated the zone of Tristichopterus alatus (Egert.), or, from the
locality in Orkney in which they have been principally studied, the Eday sandstones.

* Quart. Jour. Geol. Soc. Lond., vol. 36.
+ London, 1883.
j The occurrence of this basalt was noted by Jameson, Mineralogy oj the Scottish Isles, ii. 235.
§ Proc. Roy. Phys. Soc. Edin., vol. xiii.
|| Peach and Horne, op. cit. Sir A. Geikie Old Red Sandstone, p. 409.
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As will be shown in a subsequent part of this paper, they fall naturally into two
subdivisions, a yellow series beneath and a red series above; and it is the thin layers
of flag intercalated in the yellow sandstones which have furnished the fossils described.
A no less striking characteristic of these beds is the occurrence in them of that zone
of volcanic rocks of which the first mention was made by Professor Jameson.*

The Rousay Beds.—The inquiry was next advanced into the beds which underlie
this zone, and were known to consist of a series of flagstones, presumably of great thick¬
ness, and of wide distribution throughout the county. All efforts to break up this
series into recognisable subdivisions by means of belts of rock, with sufficiently well-
developed peculiarities to ensure their recognition in different districts, had hitherto
failed ; t and, from an extensive knowledge of these rocks, the present writer felt that
success was hardly to be hoped for in such an attempt. But should the distribution of
their fossils show that certain forms occurred only on particular horizons, this great
series could be broken up into zones, which could be identified wherever they occurred,
if only they contained a sufficient number of organic remains in a satisfactory state of
preservation. The base of the Eday sandstones was chosen as forming a well defined
horizon, from which it would be possible to work downwards into the flagstone series in
search of type fossils. These underlying beds were then followed from Eday, Westray,
and Sanday in the north to South Ronaldshay in the south; the geological structure
being carefully mapped, and a record of the fossils observed in each district compiled at
the same time. The flagstones of these districts proved to be barren and unfossiliferous
compared with the well known localities, chiefly in the West Mainland of Orkney, from
which for many years fossils had been obtained in great numbers. Yet in every district
decipherable fragments were to be found; and in some localities the fossils were quite as
satisfactory as in the better known beds of the West Mainland. By far the most common
were the sculptured bones and scales of Glyptolepis paucidens (Agassiz), which occurred
in every district examined, often in great profusion, and with them Dipterus valen-
cienesii (Sedgwick and Murchison), in every locality, and almost equally abundant. In
fact, both these fossils occur right up to the base of the Eday sandstones, though as yet
in Orkney not known with certainty to pass up into these overlying rocks. In Deerness,
Holm, and Eday the beds immediately below the sandstones are crowded with Dipterus
valencienesii (Sedgwick and Murchison), often in fine preservation, and covering the
surface of whole slabs of rock. After these in frequency comes Homosteus Milleri
(Traquair), of which the large and usually broken plates are often to be seen. Ofher
fossils were relatively few. In Crook Bay, Shapinshay, I found a Cheiracanthus, which
when submitted to Dr Traquair was determined to be Cheiracanthus Murchisoni

(Agassiz). At Dingieshowie, Deerness, at Kirkwall, and elsewhere, Osteolepis macrole-
pedotus (Ag.) is found. Diplopterus Agassizi (Traill) occurs in the East Mainland,
Estheriamemhranacea at Kirkwall, Kendall, and Westray. Coccosteus decipiens (Ag.) at
Kirkwall, Dingieshowie, and even in the sandstones at Deerness, as I learned from Mr

* Op. cit. + Archibald Geikie, op. cit., p. 410.
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Magnus Spence of Deerness, who forwarded a specimen he found in Newark Bay to Dr
Traquair. To these we must add a new and undescribed species of Asterolepis, of which
scattered plates were found by Mr Spence of Deerness and myself in Deerness, Holm,
and South Ronaldshay. These have been presented by us to the Edinburgh Museum
of Science and Art, and Dr Traquaie has kindly consented to draw up and publish a
description of them. This interesting fossil is, so far as we know at present, confined to
a narrow belt of the flagstones immediately underlying the Eday sandstones, where it
occurs with Dipterus valencienesii (Sedgwick and Murchison), and Glyptolepis
paucidens (Ag.); and should further investigations confirm this restricted distribution,
it may eventually be taken to mark the existence of a palseontological sub-zone im¬
mediately beneath that of Tristichopterus alatus (Egert.). That already it should be
known from three localities widely separated, and in each case from precisely the same
horizon, shows that it can hardly be called a rare fossil in Orkney, and in the future
further specimens may be confidently expected to turn up should these beds be sub¬
mitted to careful and extended investigation. With this exception, this list of fossils
contains none which is not of very general distribution throughout the whole thickness
of the Orcadian flags.

But when, in the progress of the mapping, a layer of rocks occupying a somewhat
lower position was reached, fossils were obtained which were new to Orkney, or among
the very rarest of those recorded from it. In the island of Rousay I found along the
west side a belt of rocks containing Coccosteus minor (Miller), the best specimens being
obtained in a quarry of thin slaty flagstones near Sacquoy Head. With it occurred the
large enamelled scales of a ganoid fish, of which the fragmentary remains were not
sufficient for satisfactory determination. Application was made to the proprietor of the
island, General Burroughs, for liberty to quarry, and permission was at once granted.
Better material was thus procured, and all doubt removed by the discovery of well pre¬
served remains of Thursius pholidotus (Traquair), an addition to the list of the fossil
fishes of Orkney. Both occurred on the same bed of rock, and are here recorded from
Orkney, one for the first time, the other after a lapse of almost forty years, during which
the knowledge of its occurrence seems practically to have disappeared. Curiously
enough, when, at a subsequent time, at my request, Dr Traquair examined for me
certain plates of Coccosteus minor (Miller) preserved in the British Museum,* which, I
presumed, had come from another locality mentioned by Hugh Miller, he informed
m'e that these specimens, which belonged to the Egerton Collection, were derived from
the same locality, but when or by whom they were collected is not known. A very
careful search, a year or more previously, among all the local collections of fossil fishes,
had failed to bring under my notice any remains of this fish, and none seem to have
passed through Dr Traquair'k hands, as he comments on its apparent absence from the
north side of the Pentland Eirth.t

* A. Smith Woodward, B.M. Cat.—Fossil Fishes, pt. ii. p. 291.
t " Achanarras Revisited," Proc. Boy. Phys. Soc. Eclin., xii. 285.
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Hugh Miller, in his Cruise of the Betsy (1858), p. 358, narrates how, during his stay
in Kirkwall, he paid a visit to a quarry a few hundred yards to the east of the town,
where he observed numerous specimens of a species of Coccosteus, which he regarded as
the same as those he had received from the neighbourhood of Thurso (collected by
Robert Dick), and as certainly distinct from, and not merely young forms of, the common
Coccosteus decipiens (Agassiz). For these he extemporises the name of Coccosteus
minor. As no specimens of this fossil from Orkney were contained in his collection,
and no further material had been obtained from this locality for many years, the
accuracy of this observation remained open to some doubt, in spite of his careful identi¬
fication. Unfortunately, these quarries are now practically worked out and deserted,
but I can remember, years ago, seeing in the stones of some old houses in Kirkwall,
which had evidently come from this quarry, great numbers of very minute specimens
of a Coccosteus. With the rediscovery of this species, however, these doubts in great
measure are removed; and as I shall subsequently show, the horizon of these rocks in
the vicinity of Kirkwall is identical with that of the beds which in Rousay contain the
same fossils. Hence, there is every presumption that this is another locality in Orkney
for this species.

In the extreme south end of South Ronaldshay, I found at Banks Geo further
examples of the same species, and as here they occur at no great distance from the Eday
sandstone series of this island, it would seem that the horizon is a somewhat higher one
than that in which it occurs in Rousay and in Kirkwall; but as the island is traversed
by a number of faults, no very great reliance can be placed on any estimates of the
thickness of the intervening rocks.

Here, then, we have from three localities—one in the north, one in the centre, and
one in the south of the county, the extreme stations being over thirty miles apart—the
occurrence of a distinct and characteristic fossil in the flagstones. With it occurs another
Thursius pholidotus (Traquair), which is nowhere known except accompanying it.
From the many quarries in the West Mainland, from which for seventy years innumer¬
able specimens have been obtained, not one case is known in which these have been
found, and it may safely be presumed that there they do not occur. Their absence, at
any rate, cannot be accounted for by imperfect preservation or insufficient search. They
may be assumed, in consequence, to constitute the type fossils of a zone of the Orcadian
Old Red Sandstone beneath that already defined for the Eday sandstones, and the beds
in which they occur I shall designate, from the locality in which the fossils are best pre¬
served, the Rousay beds.

List of the fossils contained in the Rousay beds of Orkney :—
Thursius pholidotus (Traq.), Rousay.
Coccosteus minor (Miller), Rousay, Kirkwall, S. Ronaldshay.
Glyptolepis paucidens (Ag.), Kirkwall, Rousay, Eday, Tankerness, Westray, Sanday, Evie, etc.
Dipterus valencienesii (S. and M.), Kirkwall, Tankerness, Rousay, Eday, Evie, Firth, Westray,

Sanday, etc.



THE OLD RED SANDSTONE OF THE ORKNEYS. 389

Homosieus Milleri (Traq.), Kirkwall, Firth, Rousay, Westray, Sanday, Tankerness.
Cheiraccinthus Murchisoni (Ag.), Shapinshay.
C'occosteus decipiens (Ag.), Deerness, Tankerness, Kirkwall, S. Ronaldshay.
Osteolepis macrolepidotus (Ag.), Kirkwall, Deerness.
Diplopterus Agassizi (Traill), Toab.
Estheria membranacea, Kirkwall, Kendall, Westray.
Asterolepis, sp. nov., Holm, Deerness, S. Ronaldshay.

The Stromness Beds.—A careful examination of the list above given will show that
not only does it include certain fossils new or rare to Orkney, but that certain others
well known to occur there are wanting. It may be said that practically all the fossils
in the museums of the world or in private collections which have been furnished by
the Orkney flagstones come from a restricted district in the West Mainland, and in the
vicinity of the town of Stromness. Here the richness in fossil remains, and their fine
preservation, is in striking contrast to the Eousay beds which occupy the remainder of
the county. And not only are the fossils more numerous, but species occur which
have never been obtained from other districts. Of these, there are two species of
Pterychthys—P. Milleri (Ag.) and P. productus (Ag.)—Oheirolepis Trailli (Ag.),
Diplacanthus striatus (Ag.), and Gyroptychius angustus (M'Coy). These, then, in turn
constitute the type fossils of still another zone of the Old Eed of Orkney, which from
the locality of their typical development we will call the Stromness beds. With them
others occur which are present also in the Eousay beds, viz.—

Coccosteus decipiens (Ag.).
Homosteus Milleri (Traquair).
Dipterus valencienesii (Sedgw. and Murch.).
Osteolepis macrolepidotus (Ag.).
Diplopterus Agassizi (Traill).
Oheiracanthus Murchisoni (Ag.).

No value attaches to these latter as zone fossils, while there can be no doubt
that the former, or some of them at any rate, are entitled to this rank. Much remains
to be done before the knowledge of the distribution of the various fossil fishes in the
Orcadian Old Eed Sandstone can be said to be complete, but, from the Stromness beds
at any rate, we have the result of seventy years of the activity of collectors, and the
main facts must be regarded as already sufficiently established. That in no case have
the type fossils of the Eousay beds been obtained in this locality is perfectly certain,
and is a striking fact when we remember that the present writer has obtained these
species from two localities in other parts of the county (South Eonaldshay and Eousay)
in the course of a short space of time ; while in no place have the type fossils of the
Stromness beds been obtained along with those of the Eousay beds, or, for that matter,
in any locality in which, according to the geological structure of the county, these
latter are present; and further, as will be subsequently shown, these results, obtained
from a study of the distribution of the fossil fishes of Orkney alone, are in substantial
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accordance with the facts already known regarding their distribution in the other
districts in which they occur. A mutually exclusive occurrence of this nature can only
be regarded as due to the disappearance of one series of forms before the arrival or
evolution of the other, and clearly establishes that the successive stages of the deposition
of the Old Red Sandstone of the Orkneys were accompanied by changes in the fauna
which inhabited the waters in which the rocks were being formed.

II.—The Structure of the Orkneys.

I. Stromness Beds.

To the geologist who endeavours to unravel the structure of the Orkneys, a magnifi¬
cent opportunity is afforded by the excellent and numerous coast sections. So com¬

pletely is the country cut up by sounds and bays, that at no place can there be any
doubt as to the general structure ; and even in the larger areas of land, as in the West
Mainland, wherever cultivation is to be found, dwelling-houses and stone dykes have
been built, and one is, as a rule, at no difficulty in finding stone quarries within a com¬
paratively short distance of one another. If we add to these the many opportunities
provided by the inland lochs and streams for an examination of the underlying rocks, it
will readily be understood how it is possible, in a comparatively short time, to map with
satisfactory detail very considerable areas of country. Only in a very few places do
superficial accumulations of boulder clay or peat moss conceal the relations of the rocks
beneath, through any extensive tract of land. Wherever the flagstones are present, the
structure may almost be said to be writ large on the face of the country. As has been
frequently observed by writers on the scenery and geology of Orkney, the hills have
then markedly terraced contours, the harder beds of flag resisting erosion and forming a
terrace, while the softer beds between, by their more rapid decay, form miniature
escarpments. These terraces are everywhere present in flagstone districts of Orkney,
and to the experienced eye at once reveal the secret of the underlying structure. In
some places, as in Rousay and in Westray, they form so noticeable a feature of the
landscape, as to remind one at once of the terraced volcanic districts of many parts,
both of Eastern and of Western Scotland. That they are preglacial in origin is proved
by the glacial striations with which they are often covered,* and no doubt they have
suffered during that epoch a considerable amount of rounding and obliteration ; their
fine development on the west side of Rousay and of Westray is thus a relic of the old
preglacial Orcadian landscapes, which owes its preservation to the fact that the ice
movement being from east to west, the west side of these hills was spared the intense
erosion to which the rest of the country was being subjected.

The Stromness beds of Orkney, although, as a matter of fact, probably the least
extensively developed of any of the subdivisions of the lower Old Red Sandstone, have,

* Peach and Horne, Proc. Boy. Phys. Soc., Edin., 1880, p. 3.
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curiously enough, received hitherto by far the greatest share of attention. This is due,
without doubt, to the number and excellent preservation of their fossils, of which Hugh
Miller was led to make the somewhat hyperbolical statement, that were the trade once
fairly opened, they could supply with ichthyolites, by the ton and by the shipload, all the
museums of the world.* The list of collectors who have searched these beds is a long
one, and includes many eminent names,—Hugh Miller, Professor Traill, Mr C. W.
Peach, Mr W. Watt of Breckness, the Rev. J. H. Pollexfen, Dr Clouston, to mention
only a few of those who, in a previous generation, were the first to develop their
palseontological resources. The district to which they are confined is compact and of
no great area, lying mostly in the West Mainland, in the parishes of Stromness,
Sandwick, Birsay, and Harray. If to this we add the flagstones which unconformably
underlie the sandstones of the west end of Hoy, and those also around the granite area
in Graemsay, we include the entire district from which have been obtained the many
Orkney fossils which are deposited in the museums of the world. The rest of Orkney
is a district relatively barren and uninteresting to the collector, with the exception of
certain areas of the Eday sandstones, such as Deerness—where, indeed, the abundance
of the fossils hardly compensates for the paucity of specific forms.

The granite of Stromness.—Professor Jameson seems to have been the first to
recognise the relation between the ancient crystalline rocks of the granite axis of
Stromness and the flagstones of Old Red Age which rest on them by means of a thin
basal conglomerate. As it has already been more than once described, a brief notice
here will suffice. The area occupied is elliptical in shape, and stretches from the Ness
of Stromness to the Point of Inganess on the west coast, a distance north-west of about
five miles, with a breadth of about a mile. In the hand specimen it is mostly a pink,
sometimes a grey granite, of medium grain, and with only a black mica. In many

places it is markedly schistose, as at the Ness of Stromness and behind the town, some¬
times passing even into a flaggy garnetiferous t mica schist. Numerous veins traverse
it, fine-grained elvans and quartz porphyries, with stony matrix and large quartz
phenocrysts, and very coarse pegmatites, usually without mica, and showing traces of
graphic structure. The microscope shows the rock to be a pretty normal granitite,
with orthoclase, plagioclase, and microcline (in small quantities), quartz, biotite, and,
especially in the segregation veins, occasional micropegmatite. Sections cut from the
gneiss show it to be of similar constitution, but the pressure twinning of the poly-
synthetic felspars and the strain shadows in the quartz show that in these bands the
rock has been subjected to a deforming force.

The basal conglomerates.—Wherever the actual contact between the granite and
the flags is exposed, it proves to be an unconformable junction, the rock immediately
resting on the granite being always a conglomerate composed of fragments of the
crystalline rock. Admirable sections are to be obtained at the Ness of Stromness and

* Hugh Miller, Footprints of the Creator, p. 2.
t Heddle, Geognosy of Scotland—'Orkney,' p. 135.

vol, xxxix. part ii. (no. 13).
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at the Point of Inganess. Both have been frequently described, and of the latter
locality Professor Heddle has given a map. The granite conglomerate is also seen at
the Point of Ness, and in the flag quarry at Garson Burn on the Kirkwall road. In no
case is it of any considerable thickness, 30 feet being probably the greatest depth any¬
where exposed. With it are mixed sandy flags and coarse arkoses, but it is not a little
remarkable how soon it gives place to a normal fine-grained dark grey flag, exactly
similar to those which cover such wide districts of the county. In fact, such flags are
in many places interbeclded with layers of a coarse conglomerate. At Yeskenaby, near
Inganess, occurs a series of beds of a coarse sandy millstone grit, in which there is a
well known quarry for millstones ; and though its junction with the granite and con¬
glomerate of Inganess is by means of a small fault, it is easy to see that it is really the
rock just overlying the conglomerate let down by this fault against the granite. In
fact, on the north-west corner of Inganess, similar beds occur in the cliff where they
rest on the granite and granite conglomerate, which form the low shore below. This
is in Orkney the only representative of the thick sandstones which elsewhere rest on the
basal conglomerate, a fact which strongly supports Sir A. Geikie's opinion that the
granite axis of Stromness is a mere local base. Yet the shores on which these fine flags
were laid down must have been tranquil and tideless, as deposits so fine could not
possibly rest on an exposed or ticle-swept shore. The innumerable sun-crackecl and
ripple-marked surfaces everywhere present in the Orkney flags show that they are the
accumulations of a shallow sea, yet they can hardly be regarded as littoral deposits;
they were rather the finer sediment of landlocked areas of fresh water, in which the
coarser material rapidly sank to the bottom, and was deposited immediately around the
river mouths.

The Stromness flags.—The flagstones of the Stromness series encircle this granite
and conglomerate, and are beautifully exposed in the magnificent sections of the west
coast of the Mainland of Orkney, from the Ness of Stromness to the Brough of Birsay.
This most interesting coast has been described by almost every writer on the geology
of Orkney. Many of the well known localities for Orcadian fossils occur along this shore
{e.g., Rocket House, Breckness, Belyacroo, Ramnageo, Quoyloo). Starting from Strom¬
ness we find the rocks have a westerly dip along the shore to Breckness, W.S.W., then
along the Black Craig, W.S.W., at Yeskenaby, W.N.W., at Skaill, W. and N.W., and,
north of Skaill Bay along Outshore Point to Marwick Head and the Brough of Birsay,
about N.W. for almost the whole way. The dips roll somewhat, being S.W., W., and
N.W., as is best seen between Inganess and Skaill Bay, but everywhere there is a per¬
sistent westerly component. Here we are, in fact, on the west side of a great anticline,
which forms the chief structural feature of the West Mainland of Orkney. For about
four miles back from the cliff, in all the quarries and burns of Stromness, Sanclwick, and
Birsay, there is the same universal westward dip. The anticlinal axis runs approximately
from Waulkmill Bay in the south to Crustan Point, a mile west of the Brough of Birsay,
for to the east of this line, in Firth, Harray, and Evie, easterly clips are consistently
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present. The long axis of the Loch of Harray corresponds very closely with the crest
of the anticline, as on the different sides of the loch the dips are opposite, and at Brodgar
Bridge, at Ness in Harray, and at Dounby we have the flat or gently rolling beds which
occupy the summit of the arch. A transverse section of the anticline is exposed on the
north coast of the Mainland, from Marwick Head in Birsay to Costa Head in Evie. At
Marwick Head the dip is N.W. about 10°, and this continues, with occasional variation
and a few small faults, seen in the Bay of Birsay, to Skip Geo, just east of the Brough.
Thereafter, along the coast by Crustan to the mouth of Swannay Burn, the rocks lie
very flat, with gentle and frequently changing dips, in which, on the whole, those
to the east and north-east preponderate. In Costa Head the east dip is persistent,
and, gentle at first, constantly increases along the shore line to Burgar, and thence
to Aikerness Point in Evie. In this entire and perfect section no disturbance of
the flags is anywhere seen sufficient to indicate the existence of a fault of any im¬
portance.
If we traverse the Mainland along an east and west line through its centre, the

result is the same. Starting at Skaill Bay, we find that the rocks are rolling, but the
dips are always westward. Between this and Dounby the low lands are in many places
covered with boulder clay, but in all the quarries the dips are west till we arrive within
a few yards of the village, where it rolls to north-east. More exposures can be examined
by following a line past the Loch of Clumly to the Bridge of Brodgar, which separates
the Lochs of Harray and Stenness, as along this line there is an abundance of stone
quarries, and the loch shore yields valuable natural sections. At Aith, W., at Sandwick
Manse, W. 10° N., at Clumly Loch, W., at Lyking, W. 10° N., finally at Bookan,
in one of the most prolific in fossils of all the quarries in Orkney, we have an
unbroken chain of west dips, which ends only in the isthmus on which are placed the
Standing Stones of Stenness. Along the shore of the Harray Loch, from Voy to Brodgar,
the section is very complete, and not quite so simple as the inland exposures would have
led us to expect. The rocks which form the Ness of Tenston have indeed a prevalent
west dip, but sometimes roll to the east, while reefs of vertical beds run out into the
loch in a direction N. 10° W., and everywhere there is much contortion and slickensiding,
the organic matter of the dark flags having been deposited as a brightly polished layer
on the bedding planes. These are the symptoms which everywhere in Orkney indicate
the presence of a considerable fault; and as these broken rocks of Tenston Ness occupy
a belt of the breadth of about half a mile, the dislocation can hardly be supposed
to be a trivial one. Traced southwards, the same phenomena are to be seen in the
rocks around the Bridge of Waithe. From Garson farm, near Stromness, by Bu Point,
to the Bridge of Waithe, the rocks are folded into many sharp little anticlines and
synclines, with mostly a north and south strike. At the bridge and down the Ireland
shore by Cumaness, reefs of vertical slickensided and crushed rock are seen in several
places running N. 10° W., and from here along the shore to Houton we have again a
continual and rapidly changing succession of little folds (as was remarked by Messrs
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Peach and Horne *). Along the shores of the Stenness Loch from Onston to below
Deepdale, the same phenomena are repeated. Yet in this district the amount of actual
crushing and fracture is much less than on Tenston Ness, and there can be no doubt
that the throw of the fault is rapidly diminishing as it passes south. Similarly, to the
north, on the shore of the Harray Loch at Kirkness, these appearances are repeated, and
no doubt the fault runs northward to the west of Dounby village, though here not
easily traceable, owing to the thick boulder clay sheet which covers these low grounds.
Here, too, it is dying out, and no trace of it is to be found on the north shore of the
Mainland.

Continuing our traverse across this fault, we find that the persistent west dips
practically cease at the Standing Stones, where, for a time, the beds are gently rolling,
and they are last seen in the quarries to the north-west of Maeshowe. In all Harray
the dips are gently eastwards, except on the shore of the loch at the Point of Ness, and
these east dips continue through the whole of the range of hills which, starting at
Finstown, runs northwards to Costa Hill in Evie, and separates the parishes of Birsay
and Harray from Evie, Kendall, and Firth. Similarly, in Greenay Hill, Birsay, in
Hunland, and in the hills to the east of the village of Dounby, the easterly dips prevail.
It is only in the extreme east of the Mainland, in Woodwiek, Evie, in Kendall, and in
several places along the shores of Firth Bay, that this direction is reversed, the rocks
of this district having in many places a very gentle inclination to the west, and forming
thus a little marked syncline.

Such being in its main features the structure of the West Mainland of Orkney, we
would naturally expect to find the Sandwick and Stromness beds repeated on the
eastern limb of the anticline in Harray and Stenness. This, however, is not the case,
as the richly fossiliferous beds on the west side of the Stenness lochs do not reappear on
the east, where the rocks in many points resemble the Rousay beds of the North Isles
and the East Mainland. They are comparatively poor in fossil remains, and have never

yielded, to my knowledge, the type fossils of the Stromness zone. This is, there can be
little doubt, the effect of the north and south fault, which has let down these compara¬
tively barren beds against the Stromness series which encircles the granite axis. It is
only in the northern part of this area, at Dounby, Greenay Hill, and other localities in
Birsay, that the fossils of the Stromness beds are to be found in quarries with an

easterly dip, and here the evidence points to the theory that the fault is rapidly dying
out, as it passes northwards to the west of Dounby. The Firth and Harray beds may
be, in consequence, relegated to the passage beds between the Stromness and the Rousay
series of the Old Red of the Orkneys, and seem to be on the same horizon as those which
occupy the wide area which stretches from Stenness, through Orphir, into Kirkwall. As
we shall see later, when we continue the section through Rousay and Egilshay into the
Eday sandstones, we have a constantly ascending succession; and as nowhere do the
Stromness fossils recur, the inference is obvious—as might have been anticipated from

* Peach and Horne, Old Red Sandstone ot Orkney, p. 10
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the fact that at Stromness they rest upon the granite axis—that the Stromness beds
form the loivest zone of the Old Red Sandstone of the Orkneys.

It is a matter of great difficulty to form a reliable estimate of the thickness of this
series in Orkney, as will be evident when we consider that its true base is nowhere seen,
and that its upper boundary must, in our ignorance of any but the general facts regard¬
ing the distribution of fossils throughout the county, be of necessity an arbitrary one.
By far the best continuous section of these beds is that exposed along the shore from
the Ness of Stromness to Breckness, nearly three miles to the westward. The section
runs in a W. or W.N.W. direction, and during its whole course there is a continuous
exposure of the rocks at low water. They dip along the shore about W. 10° S., and
during the first half of the distance the average amount of dip is 15°. In the little
sandy bay beyond the churchyard the dip swings southwards, and is more gentle for a
little, but on the west side resumes its previous direction and amount. If we draw a
line perpendicular to the strike and measure the distance, it is almost exactly two miles,
and the thickness, allowing for an average dip of 12°, is about 2000 feet, which is exactly
the thickness estimated by Sir A. Geikie for a section parallel to this and a mile further
south, from the centre of Graemsay to the base of the Hoy Hills.* As a matter of
fact, as the flagstones at Ness rest on the granite conglomerate, and the rocks at Breck¬
ness, if prolonged northwards along their strike, are seen to be on a level not greatly
differing from those which at Inganess rest on the west end of the same granite axis,
we are led to the conclusion that the western conglomerates must be on a much higher
level than those at the east end of the granite outcrop. But the lowest rocks in this
district must be those which have been uplifted by the Tenston fault along the axis of
the West Mainland anticline. This fault is prolonged southwards through the Bay of
Ireland ; and if we carry the section backwards from Stromness to Bu Point, we find that
along this shore the rocks are so rolling that no great thickness is required to be added
to our estimate, the same beds being probably again and again repeated by means of
gentle folds.

Results in substantial accordance with this are obtained by taking a section some
six miles to the northward, from the fault on Tenston Ness on the Loch of Harray, to
Skaill Bay on the west shore of the Mainland. The length of a section from Tenston
due west to the Atlantic is nearly four miles, and in the intervening country the dips
never vary greatly from a true W. In amount they differ, being 12° or more at
Lyking, at Yoy nearly flat, at Sandwick manse 5°, at Rango 5°, at Skaill 3 to 7°. If
we accept 5° as an average, the thickness is 1760 feet. In this case the conditions are
not so satisfactory as in the preceding, the exposure of rock not being a continuous one.

To this must now be added the rocks which lie between those of Breckness and
Skaill and the base of the Rousay series. That at both these places we are well within
the Stromness zone is evident from the fact that they are among the best known
localities for its type fossils. The district in the N.E. corner of the West Mainland

* Sir A. Geikie, Old Bed Sandstone, pt. i. p. 410.
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(Birsay and Evie) will, in my opinion, be found the most suitable for this purpose. If
we take a section from Crustan Point in Birsay, the centre of the West Mainland anti¬
cline, to Burgar in Evie, where we cannot be far from the level of those beds which in
the west of Rousay contain Thursius pholidotus (Traq.) and Coccosteus minor (Miller),
and strike southwards across the narrow Eynhallow Sound, the total distance is five
miles, measured across the strike of the beds. The dips throughout are eastwards, and
their average amount is about 3°. There is no evidence of any important fault. The
thickness must in consequence be about 1300 feet. The exact position of the Crustan
beds in the Stromness series is difficult to fix, but, as along the western shore from
Skaill Bay by Outshore Point to the Brough of Birsay, the dips are mostly N.W., as
we travel northwards the section is a constantly ascending one, and the beds which
occupy the centre of the anticline at the northern shore must be far higher in the series
than those which occupy a similar position in the neighbourhood of the Harray Loch.
The Crustan beds in consequence are, in all probability, on a similar level to those in
the vicinity of Skaill Bay ; and if we add the lower half of the thickness between
Crustan and Burgar to that from Tenston to Skaill, we obtain a total thickness of about
2500 feet for the Stromness beds of Orkney. The beds of Evie may, on the other
hand, be relegated to the basal part of the Rousay series, and as yet there is no palseon-
tological evidence to prevent such a step. These passage beds, in fact, between the
Stromness and Birsay series below, and the Rousay beds above, are comparativel}''
unfossiliferous, and have yielded little of value to the most careful search.

The Rousay beds of Orkney lie mostly to the north and east of the county, where
they cover a much more extensive area than the better known Stromness series. As
yet, however, little attention has been paid to them and their fossil contents, and the
scarcity and imperfect state of their fossils is indeed disappointing to one who has been
accustomed to investigate the West Mainland beds. One may travel for days along
the shores or among the quarries on this group of rocks without bringing home more
than one or two imperfect specimens. Yet they are never entirely barren, and careful
search is always rewarded with recognisable organic remains, usually scattered bones and
scales, while in a few places we may find even entire fishes, as perfect in every, detail as
those which abound in certain of the quarries of Sandwich and Stromness. Very
characteristic of these rocks are the scattered bones, the teeth, and sculptured scales of

Eday. Sanday.

Sect. 1.—From Skaill Head (Sandwiek) to Start Point (Sanday).

II. The Rousay Beds.
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Glyptolepis paucidens (Ag.), and with it Homosteus Milleri (Traq.) is the most abundant
fossil,—if we except only the head plates and scattered fragments of Dipterus
valencienesii (Sedgw. and Murch.). But the last is quite as common, and probably
commoner, in the Orcadian beds, while the two former have certainly their principal
seat in the beds now to be described. With these a not unfrequent fossil is the little
crustacean Estlieria membranacea, which, as at Thurso, sometimes covers the whole
surface of slabs of rocks, and is, so far as I know, confined to this zone. Other fishes
occur—Gheiracanthus, sp., Osteolepismacrolepidotus (Ag.), Diplopterus Agassizi (Traill),
Coccosteus decipiens (Ag.) ; but their principal development seems to have been in a
previous time, as they are much more numerous in the lower series. Of the fishes
peculiar to this zone, Coccosteus minor (Miller) can hardly be said to be rare, seeing
that already we know it in three separate and widely distant localities. It is a very
suitable fossil for zonal work, as even its scattered bones are so characteristic as to
establish its identity readily. Of the different species of Thursius, only one is as yet
known to occur ; and indeed, until a means is discovered for diagnosing these fishes from
scattered head plates, bones, or scales, it is unlikely that they will ever be recognised as
common fishes in this region of Orkney. The state of preservation requires, in their
case, to be much more perfect than holds good as a rule of the fossils of these rocks.

The North Isles District.

If we now continue eastwards our section through Orkney from Evie, through Rousay
and Egilshay (sect. 1), we find that in Eynhallow the east dips which prevail in Evie are
repeated, and these beds strike evidently across the narrow Eynhallow Sound into the
west side of Rousay. In the latter island the east dips which mark this side of the great
West Mainland anticline may be said to prevail throughout, but are everywhere very
gentle, and are occasionally subjected to a temporary reversal. The terraced faces of
the hills, most marked on the west side, show at a glance the simple structure and the
almost horizontal disposition of the beds. Along the western coast, the dips are gentle and
frequently changing, being mostly north and north-east in the northern half and south
and south-west nearWestness, but from Hullion along the south coast to Avalshay the clips
are very persistently east, except for a brief space below Trumland House, where a very
insignificant anticline occurs. East dips are constant on the shore of Rousay Sound.
On the north shore the magnificent range of cliffs from Sacquoy Head to the Knee of
Rousay around the whole shore of Saviskail Bay exposes an ideal section, which shows a
structure slightly more complicated than that seen on the south side of the island. On
Sacquoy Head the dips are east, but on Saviskail Head a small anticline, on the south
shore of Saviskail Bay another, and in Scockness a third, throw the rocks into gently
undulating folds, whose axis is nearly north and south, without anywhere a dislocation
of any importance. The island is thus a geological plateau, out of which the agents of
denudation have carved the valleys and modelled the surface features. Its heatlier-clad
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hills are the highest in the North Isles of Orkney, rising to heights of over 800 feet; and
if we allow 1000 feet for the total thickness of rock exposed, we have an estimate which
cannot be far from the truth. Few fossils are yet known from it: Dipterus
valencienesii (Sedgw. and Murcli.), Homosteus Milleri (Traq.), Glyptolepis paucidens
(Ag.), with the characteristic fossils Thursius pholiclotus (Traq.) and Coccosteus minor
(Miller). These latter occur in what are about the lowest beds of the island, a belt of
thin blue calcareous flags seen best at Sacquoy Head on the north-west corner, and
striking southwards through the island, to outcrop again at the Taing of Tratland and
the adjoining shore. At Sacquoy Head they overlie a bed of conglomeratic sandstone,
with pebbles up to the size of a walnut, of gneiss and quartzite mostly, and resembling
thus the rocks of Heclabir, to be subsequently described. In Egilshay the easterly dip
continues, but here much steeper, with evident crushing and fracture of the rocks ; * and I
think it likely that through this island passes a line of dislocation, evidence of which
is to be found in the Gait of Shapinshay to the south, and in the district of Rackwick in
Westray to the north, in both of which places the appearances point to a similar
disturbance. This would, in fact, be a north and south fault, skirting the Eday syncline,
like that already described in the West Mainland anticline, and those also described in
several places by Peach and Horne (Sanday, Berstane, Holm).
If the section be now continued across the Westray Firth to Eday, we find, as

described by Peach and Horne,t a strip of flagstones, with a very steep easterly dip,
ranging from Ferstness to Sealskerry, and bounding on the west the area of the Eday
sandstones. These lie in the trough already described by these authors ; and, as they
showed, the only other flagstone area in the island is one which stretches from Warness
to the Graand on the south shore, and thence N.N.E. to the Kirk of Skaill and the
inner corner of Backaland Bay on the east side. As the centre of the syncline runs
from Zoar in Sealskerry to Calf Sound in the north, these flagstones have a W.N.W. dip
of about 15°, and they have been brought up by a small fault against the red sandstones
which occupy the south-east corner of the island.

In Sanday the yellow and red sandstones occupy the south-east end, as shown by
Prof. Heddle,J broken by a fault which, running north and south through Spurness Pro¬
montory, brings up again for a brief space the underlying dark grey flags.§ Beyond
them, to the north and east, the whole island consists of flags which form a well-marked
anticline, their westerly members dipping to the west like the Eday beds, under which
they pass, but arching over on the south shore of Otterswick Bay and near Geramont
House, so that at Taftsness, Newark, and the Start the prevalent dips are to the east.
These Sanday flags yielded little of value to my search, Glyptolepis paucidens (Ag.),
Dipterus valencienesii (Sedgw. and Murch.), with a few well preserved fragments of an

Osteolepid fish being all I noticed. There can be no doubt that they are a repetition of
* Noted by Jameson, Scottish Isles, ii. 239.
t Peach and Horne, Old Red Sandstone of Orkney, pp. 8 and 9.
J Heddle, Geognosy of Scotland, part v. p. 101.
§ Peach and Horne, Old Red Sa/ndstone of Orkney, p. 7,
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the Rousay beds on the east side of the Eday syncline, though as yet they have not
yielded the characteristic fossils. In the same group must also be placed the North
Ronaldshay flags, which time did not permit me to visit and examine in detail. Pro¬
fessor Heddle tells us that here the east and west dips are about equally common.*
The island of Stronsay, which lies to the south of Sanday, has on the whole a similar
structure. It consists for the most part of flags, with one or two areas of John o' Groats
sandstones in the south and south-east. The dips along Linga Sound and the north-west
side generally are to the north-west, while on the south side, near Housebay, they roll
over to the south-east (sect. 2). The structure is thus an anticline like that of the more
northern island. I was not able to obtain any data as to the fossils they contain.

In Westray, as Peach and Horne t remarked, the structure again is an anticline,
though a careful examination showed it was not a simple one (sect. 2). The axis runs from
Garth in Tuquoy Bay, to the Sneuk on the north shore. To the west of this, the flags
have a persistent though gentle dip to the westward, only reversed for a short space at
Noup and Noup Head. To the east of this line the flags form a rolling series, as is well
seen along the south shore, where two or three small anticlines and synclines succeed one

Eday. Stronsay.

Section 2.—N.E. and S.W. from Roup Head (Westray) to Lamb Head (Stronsay). 3 miles = 1 inch.

another. On the north shore, the dips are similarly rolling. From the Point of Tafts
along the west shore of Rackwick runs a line of dislocation already mentioned as

probably a continuation of that seen in Egilshay, and in Rapness the dips are mostly
east, though in the extreme south end the flags on the western shore have a west dip.
If we neglect the fault, the same strata are thus constantly repeated. There is no
doubt they are the same as those of Rousay and of Sanday, the structure being only a
continuation northward of that already seen in the northern shore of Rousay. The
fossils I found there were Glyptolepis paucidens (Ag\), Homosteus Milleri (Traq.),
Dipterus valencienesii (Sedgw. and Murch.), Osteolepis ? Estheria membranacea.

In Shapinshay we have the two series of rocks—the Rousay beds in the north and
west, and an area of Eday sandstones in the south and east. On the east side the
beds have a strong south-east dip, but on the north-west corner, around the Gait and
in Yeantrow Bay, the dips roll greatty, and this is probably the effect of a series of
faults which disturbs them : one seems to run from the Gait in the north to the Telegraph
hut near Elswick on the south, while the fault which starts at Howquoy Head and runs
under the town of Kirkwall must pass just to the west of the shore of the island. As
has been pointed out by Peach and Horne,J the area of sandstones on the south-east

* Heddle, op. cit., p. 122. t Peach and Hoene, op. cit., p. 2.
VOL. XXXIX. PART II. (NO. 13).

j Peach and Hoene, op. cit., p. 9.
3 p
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of the island is probably a continuation southward of the rocks which occupy the centre
of the Eday syncline, and the eastward dipping flags of Shapinshay will then correspond
to those of Egilshay, Ferstness, and Westray, as the west dipping flags in Stronsay
correspond with those of Sanday.

As will be evident from this brief summary, the North Isles of Orkney are composed
of two members of the Old Red Sandstone—the Rousay beds and the Eday sandstones.
The chief structural feature is the Eday syncline. The Rousay beds of Rousay and
Westray, dipping eastwards, pass under the sandstones, and emerge again with a west¬
ward dip in Sanday and Stronsay, only to roll over again before they finally disappear
beneath the waters of the North Sea. The beds which in Rousay contain the type
fossils are, in all probability, the lowest of the flags of this area; and although the
sections are frequently interrupted by the sounds which separate the islands, and by not
a few important faults, it is quite evident that the entire thickness of rock required to
explain the geological facts is by no means great. We have already stated 1000 feet as
the maximum required for the Rousay flags, and in no other island is so great a thick¬
ness exposed. If we add to these the upper half of our estimate for the east side of the
Birsay and Evie series, we have a total thickness along this section of not more than
1500 feet. No more than an approximate estimate can possibly be formed in this
district, as the sections are so broken up by water, and no recognisable subdivisions can
be established, either lithologically or palaeontologically, with which we might ascertain
the throw of the respective faults.

Kirkwall.

Section 3.—From Stromness, through Kirkwall, to Roseness (Holm).

The West Mainland District.

Owing to the prevalent north and south strike, the rocks of Rousay may be
expected to cross into Evie and Rendall, where they lie in very nearly horizontal
but slightly rolling folds, and from here to pass southwards into the district between
Finstown and Kirkwall. A similar conclusion is arrived at by the examination of
the rocks which stretch eastward from the Bridge of Waithe in Stenness (sect. 3).
Here we are among the rolling beds which mark the termination to the south of the
fault which runs along the side of the western anticline. These beds are undoubtedly
to be placed, with their more northern representatives in Harray, among the upper beds
of the Stromness series. Further east in Stenness we find the effects of the western

anticline, though here little marked, and evidently dying out. Through most of
Stenness and throughout the Ward Hill of Orphir the dips are south-west. The anti-
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clinal axis passes almost through Maeshowe down Summersdale into the Kirbuster
district of Orphir. In the Heddle Hills of Firth, to the east of this line, the dips are
mostly east and north-east, very gentle in the flag quarries, now disused, which crown
the hills on both sides of Finstown. From the latter village to Kirkwall we have a
rolling succession of gentle anticlines and synclines with axes striking north and south;
seen well in the shores of Firth and Kirkwall Bays, where the same beds crop out again
and again. There are no steep dips and no traces of any important dislocation, but
from Summersdale to Kirkwall, on the whole, the dip is eastward, and we are ascending
very gradually in the series. In the quarries to the west of Kirkwall there is a very
slight north-west dip, while along the shore to the east of Kirkwall Bay the dips are
strongly east. The change is marked by a line of crushed rock which runs under
Kirkwall in a N.N.E. direction, and emerges on the shore at Cromwell's Fort. This
seems to be the northward continuation of the fault described by Peach and Horne as
running from Howquoy Head in Holm, northwards along the shore, and forming the
eastern boundary of the sandstones of Scapa Flow.* This may be possibly a continua¬
tion of that already described as passing through Egilshay into Westray. At any rate it
is an important feature in the structure of this part of the Mainland of Orkney, for to the
west of it lie the gently rolling beds described, while to the east the dips are steep as
a rule, and the rocks thrown into very pronounced folds. In other words, it forms a
natural geological boundary to the East Mainland of Orkney.

The East Mainland District.

The second area in which it has been proved that the Rousay group of fossils occurs
in Orkney is that around the town of Kirkwall, in which Hugh Miller remarked their
presence more than forty years ago. The structure of the East Mainland has not
that simplicity which characterises the West Mainland. To the south-west it is
bounded by the fault described by Peach and Horne, which brings down the sandstones
of Scapa against the flags. The flags along this fault are probably the lowest rocks
exposed, for through the whole area there is a constant tendency to a northerly dip,
varied, of course, by the subsidiary folds, and the highest rocks occur only in the
northern half of the district. Two series of rocks occur—the Eday sandstones in two
areas, Berstane Bay and Deerness, the Rousay beds elsewhere.

The structure is clearly defined, an anticlinal axis occupied by the flags passing up the
centre of the district in a north-east direction, and forming the Ness of Tankerness, while
on each side a syncline brings in the overlying rocks, the sandstones (sect. 3). The section
along the public road from Kirkwall to Dingieshowie, Deerness, affords a very good index
to the general structure. For a mile or more after we leave Kirkwall, the rocks are

steeply inclined to the east and north-east, disturbed, no doubt, by the great fault whose
* Peach and Hobne, op. cit., p. 11.
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outcrop we are crossing, and through the promontory between Kirkwall and Inganess
Bay the general dip is to the north-east. At the south-west corner of the latter bay
the fault already described by Peach and Horne, forming the western boundary of this
area of John o' Groats beds, is well seen in the shore, letting down the red sandstones
sharply against the blue grey flags. These are the flags which in the old quarries at
the East Hill, Kirkwall, rather over a mile away, contain the Thurso fossils, according
to the observations of HughMiller.* They form a triangular area between two consider¬
able faults; and though in the land north-east dips prevail, as also along the east shore
of Kirkwall Bay, along the northern coast from Carness to Meil Bay, a succession of folds
repeats them.

Continuing our section eastwards, we find that the sandstones of Inganess dip
north-west to the fault, and at their eastern edges are bounded by grey flags with a
similar dip. About five miles from Kirkwall, at Quoyburray, in a quarry near the road,
the beds lie nearly quite horizontal, and from that point onwards the dips are south¬
east and generally steep. The axis of the anticline runs approximately from Sebay
Mill to the Ness of Tankerness in an E.N.E. direction, as along this north-west shore of
Deersound the dips are slight and rolling; and while, to the east of this, at Yinistay
Head and through Tankerness we have the north-west dips, in Deerness these have
rolled over to the south-east. At Dingieshowie the yellow sandstones are let down by a
fault, but maintain the general south-east dip; and from here, along the shore to the
Castle, they lie in a little trough, the dips swinging first to east, then to north-east,
when they are succeeded by grey flags, which up to Boseness Point have a north dip.
Along the shore of Holm Sound the north and north-east dips show that here, too, we
are on the south side of a syncline which runs approximately north-east and south-west,
but as we pass westwards beyond Graemshall the rocks are much disturbed, and the
dips are inconstant and frequently changing.

In spite, then, of their generally steep dips, the flagstones of the East Mainland are
so repeated by these folds that they cannot be regarded as of very considerable thickness,
and the disturbance to which they have been subjected renders any estimate exceedingly
conjectural. Their fossils are few, yet I found in different places Glyptolepis paucidens
(Ag.), Dipterus valencienesii (Sedgw. and Murch.), Osteolepis macrolepidotus (Ag.),
Coccosteus decipiens (Ag.), and Diplopterus Agassizi (Traill).
It is interesting to observe how the section drawn east and west from the Bridge of

Waithe to Boseness, through Kirkwall, repeats the main features of that drawn from
Skaill Bay to the Start Point of Sanday (sects. 1 and 3). The Tenston fault passes south
through Waithe, and the West Mainland anticline is distinctly to be traced in Summers-
dale, the rolling beds between Finstown and Kirkwall are those of Bendall and Firth,
the Bousay beds recur at Kirkwall, and the broken dislocated flagstones to the east of
Kirkwall repeat the structure of the west of Shapinshay and Egilshay. The Eday
syncline passes south through Shapinshay to Inganess Bay. The anticline of Tanker-

* Cruise of the Betsy, p. 394.
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ness is that of Sanday and Stronsay, while the sandstones of Deerness and Holm belong-
to a syncline unrepresented in the northern section, except it be by the limited areas of
yellow and red sandstones in the island of Stronsay.

The South Isles District.

South of the Scapa faults not one of these features reappears, and the South Isles
of Orkney form a distinct district, with a well-developed structure of its own. It
consists of a geological basin, in the centre of which lie the higher beds, the sand¬
stones.* They form the shores of Scapa Flow, from the Old Kirk of Orphir to near
Howquoy Head. They reappear in Hunda, the west of Burray, and the north-west
of S. Ronaldshay, here dipping west and north-west, and constitute also the north
end of Flotta. Around them pass the underlying flags of Orphir, Holm, the east of
Burray, the south-east of S. Ronaldshay, Swona, and the south of Flotta. In the
north, the junction is a fault; and through South Ronaldshay and Burray it is evident
that several faults run north-east and south-west parallel to the strike of the rocks. Yet
in some places the succession is an interrupted one, as, for example, to the west of
Grimness Head and in the island of Flotta, In Burray the flags dip west, in S.
Ronaldshay north-west, in Flotta north, the strike thus sweeping gradually round.
Much broken up as the district is by the sea, it is yet sufficiently clear what the general
structure of the whole area must be. The Eday syncline is rapidly dying out in
Inganess Bay, and I could find no proof that the yellow sandstones pass across the
East Mainland near Kirkwall, to unite with those of Scapa Flow. Even should they
ultimately prove to be continuous, it is clear that the broad basin of the South Isles
cannot fairly be regarded as a continuation of the Eday syncline, which already at the
south end of Inganess Bay has narrowed to less than a mile in breadth, and has, further¬
more, to cross the powerful dislocation of the east side of Scapa Bay. In all the features
of its structure, the South Isles area shows no point of comparison with that around
Kirkwall, still less with that of the North Isles of Orkney.

The largest continuous area of these rocks is that of South Ronaldshay, which alone
I had time to examine in detail. It consists of two series, the grey flags of the south¬
eastern district, and the yellow and red sandstones of the north-west. The general dip
throughout is N. to N.W., but the structure is by no means simple, as it is evident from
the coast sections that powerful dislocations cross the island from N.E. to S.W. On the
west side the flags extend from Brough Head to Barswick, much disturbed in many
places; and from thence to St Margaret's Hope, and for a mile further east along Water
Sound, the shore consists of yellow and red sandstones (faulted apparently in two places
at Barswick, where they are brought down against the flags, and at Sandwick). The
Hoxa promontory consists of an anticline of blue flags, and is bounded by a fault which
runs across the narrow isthmus. On the east shore, again (sect. 4), the dip is continu-

* Peach and Horne, of. cit., p. 12.
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ously north, the flagstones stretching from the Old Head to Halcrow Head, whence a
small area of sandstones extends to Windwick. Here a fault brings up the flags with a
steep north dip, and at Stews Head these again are overlaid by yellow sandstones which
stretch along the shore to St Peter's Church, where again the blue flags are faulted up to
form the promontory of Grimness and the north-eastern corner of the isle, and to pass
conformably into the yellow sandstones along the shores of Water Sound.

Of these rocks the lowest are evidently the flags of Brough Head and Old Head in
the southern shore, and here, at Banks Geo, with remains of Coccosteus decipiens (Ag.)
and of an undetermined osteolepid, I found numerous plates of Coccosteus minor
{Miller), which have been determined by Dr Traquair. The chief importance of this
lies in the fact that it establishes the zonal identity of the flags which encircle the sand¬
stones of Scapa Flow with those which accompany the Eday beds of the North Isles.
Here, however, the horizon is, to all appearance, a higher one, as the distance between
the Coccosteus minor beds and the sandstones of Halcrow Head is not much over a mile ;

and though there is evidence of faulting in the intervening section, it would seem, as
stated by Peach and Horne,* that these faults are not of any great magnitude.

A further interest is lent to the rocks of South Ronaldshay by the occurrence in
them of the new species of Asterolepis previously mentioned. Of this I found a plate
in a flag quarry on Hest Head. The horizon is that which is, so far as at present known,
characteristic of this fish, being in the grey flags about forty feet beneath the base of the
Eday sandstones. Another plate of this species was found by Mr Spence of Deerness
at the Castle of Claisdie, near Stembuster, in St Andrews, and still another, a year before,
by him and myself, a short distance north of Sandside in Deerness. In both these places
the geological position is precisely the same ; and it seems, in consequence, to be a fish
of very restricted vertical range, and may ultimately prove to be the type fossil of a sub-
zone of the Old Red Sandstone of the Orkneys at the top of the Rousay series. That
it is to be united with these rather than with the overlying beds is shown by the
accompanying fossils, of which the commonest by far is Dipterus valencienesii (Sedgw.
and Murch.), which occurs often in very great numbers in this particular belt of rock.
Remains of osteolepid fishes also occur, but there is no trace of the distinctive fauna of
the Eday sandstones.

Lithology of the Flagstones.
When we pass from an examination of their fossil contents to the study of the rocks

themselves, at first glance we are apt to be greatly impressed by their monotony, and'the
endless repetition of beds in no way differing greatly from one another. The effect on
Professor Jameson we have already mentioned : his six weeks' journey in Orkney proved
the most uninteresting he had ever made. The geologist who is bent on the search for
easily recognisable lithological zones which can assist him in the completion of his map
is sure to suffer a like disappointment. Immense as is the variety in these beds, no

* Peach and Horne, op. cit., p. 11.
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two being in every respect similar, there are yet no recognisable and definite alternations
which could with certainty be used in dividing up the whole into an established
succession. This is true of the Orkney flags as a whole, as was pointed out by Messrs
Peach and Hokne. They vary greatly, the principal types being a sandy flag, a clay
flag or mudstone, and a brittle calcareous or even bituminous flag. The sandy flags
never amount to pure sandstones, there being always a certain amount of clay and of
silky weathered and bleached mica, with very usually a calcareous cement between the
grains of sand. The clay flag is the purest and most abundant type. They are
relatively soft, fine-grained, and light grey in colour, except when darkened by organic
material. On their bedding planes the pale lustrous mica is often to be seen as a
shimmering film, while the microscope shows that in worn, tattered, and crumpled flakes
it is an important constituent of their mass. Sand in fine rounded grains and calcite
in greater or less abundance are constant constituents. . Where these softer beds occur
mixed with harder beds on a cliff face, they weather out rapidly into pale grey hollows,
and this is the origin of a frequently remarked feature of the Orcadian cliff scenery.
The calcareous and bituminous flags are the chief receptacles of the fossil remains
inclosed in these rocks. The fossil collector very soon learns that the best specimens are
obtained in a brittle, hard, usually slaty and thin-bedded rock, which rings to the
hammer like a piece of metal. This is in some measure due to the compactness and
impermeability which is conferred on these rocks by their abundant calcareous matter.
But there can be no doubt that, in turn, the presence of the organic remains facilitates
in some way the accumulation of carbonate of lime in the rock, as frequently around the
fossil is a well marked nodule, compact and hard, and evidently calcareous in nature
from the rapidity with which it weathers out, leaving the surrounding rock comparatively
unaffected. These are especially common in the dark flags among the sandstones of the
Eday series. The prevalent colour of these calcareous flags is dark blue-grey, and they
are fine-grained, and mostly free from the concretions so abundant in the more argil¬
laceous rocks. In these latter they are so common that hardly a stone could be found
without some trace of them. Of all sizes, from that of a melon to less than a pea, and
of a remarkable and often grotesque variety of shapes, they show most clearly in the
weathered face of an old dry-stone dyke, or on the bare surface at the edge of the high
cliffs of the coast. From the manner in which they resist the weather, they are in
most cases probably siliceous—they are certainly harder and more difficult to break
than the rock surrounding them. Of these concretions the best known example is the
horse-tooth rock of Yeskenaby, to which Professor Heddle* and other authors have
devoted some attention. The rock itself occurs in situ at Borwick, near the great trap
dyke there. But this is merely an interesting variety of a phenomenon of universal
distribution throughout these flags. Their surfaces are often mottled and pitted with
innumerable little concretions, which it would be easy to mistake for coprolites or for
rain pittings. Not uncommonly these consist of pyrites and of marcasite, which on

* Heddle, op. cit., pi. xiv.
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weathering give a rusty colour to the surrounding rock. When the flagstones weather,
the siliceous concretions, owing to their greater durability, stand out in high relief upon
the bedding planes, and give the rock often a curiously fretted and ornamented appear¬
ance, and so numerous are they that frequently they resemble a solid mass of fretwork
or of repousee ornament upon the surface of the stone. On weathering the flags lose
also their prevalent pale or dark grey, colours. Many of the dark calcareous flags around
Stromness weather with a creamy yellow crust, which resembles that of certain impure
carboniferous limestones. Yellow and different shades of brown are the prevalent tints
of the weathered stone. The changes are principally the removal of the lime in solu¬
tion and the oxidation and hydration of the iron. It is the latter which stains the
rock, as is seen when we consider the source of the white colour which marks the
weathered flags in a peat bed, and which is due to the organic acids of the peat having
removed the iron from the rock. The decomposition gradually proceeding inward from
the surfaces and cracks, produces sometimes a curious effect on a seashore where a bed
of calcareous flag is divided up by many joints into polygonal areas, around the out¬
side of which is a soft, rusty, decomposed film, an inch or more in depth, while the
centre area is hard, grey, and comparatively fresh. The innumerable sun-cracked
and rippled surfaces were well described by Sir A. Geikie # in the flags around Thurso.

In thickness the beds vary from an inch up to perhaps 18 inches. In every district
of Orkney, flags of 2 or 3 inches thick and in large flags can be obtained for paving
purposes. A favourite kind at present is a coarse sandy flag in thick beds (6 inches),
obtained from Orphir. Thinner slabs, used formerly for roofing slates, are also of very
wide distribution. The thick beds are valued for building purposes, especially if the
bedding planes are smooth and the joints well marked. In the latter case they need no

dressing, as the builder places the smooth joint face, often covered with a fine layer of
glancing calcite, to the outside of the wall. In some places a variety of flag occurs, very
dark in colour and seemingly much crumpled, the minute laminae of which it consists
being contorted in every conceivable fashion. Such beds are of restricted distribution,
and usually markedly lenticular, as they thin out abruptly in no great distance.
They bear a superficial resemblance to certain curly oil shales in the Edinburgh district,
but when broken open they consist of an ordinary grey flag, the contorted layers being
often covered with a dark film. They are not due to earth movement and crushing,
as they occur in perfectly undisturbed rocks, and they probably result from peculiar
conditions of deposit, perhaps the escape of gases or the decomposition of organic matter
having produced their irregular internal structure. Where the flags are crossed by a
fault the disturbance is often very great, and quite out of proportion to the magnitude of
the dislocation. The rocks are bent and twisted, their surfaces slickensided and blackened,
or a dark breccia produced, in which the flagstone particles glance with organic matter
till they resemble broken bits of coal. In some cases the fault is marked by a layer of
crushed rock powder, intensely black in colour, and mixed with calcite and iron pyrites.

* Sir A. Geikie, " Old Red Sandstone," Trails. Roy. Soc. Edin., vol. xxviii. p. 393.
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The peculiar nature of this flagstone deposit is so strikingly new to the geologist
accustomed to the study of other districts that it cannot fail to suggest a consideration
of the question of its origin. Sir Archibald Geikie * has insisted strongly on the marked
difference between these and the sandstones which in other parts of Scotland are so
characteristic of the Old Red. This striking contrast in the nature of the strata points
to markedly dissimilar conditions of deposit. As we trace upwards the Old Red Sand¬
stone of the Orkneys, we shall see that in process of time this type of sediment was
replaced by the more familiar one of yellow and red sandstones and red marls. There
can be no doubt that this was the result of marked changes in the physical geography
of the region; and when we remember that at Cromarty beds of yellow sandstone
contain precisely the fossils of the flagstone beds around Stromness, and, beyond reason¬
able doubt, were being formed at the same time, we see clearly the truth of Sir A. Geikie's
conclusion that the flagstones of Orkney are merely the result of certain peculiar con¬
ditions of deposit. From their rippled and sun-cracked surfaces, they were certainly
originally laid down in shallow water; and from the extensive area they now occupy,
they must in many cases have been laid down far from land. That this area was
tranquil I have shown to be probable, from the way the fine flags lie among the con¬
glomerates of Stromness right against the old granitic shore. A similar mixture of
deposits is to be found at the present day only in the land-locked areas of our river
mouths and inland lochs. The other striking feature of these flags is the way in which
they combine materials in other formations confined to different rocks. All contain
sand, clay, and carbonate of lime in varied proportions, yet sandstones, limestones, or
true shales are never typically developed in this peculiar formation.

III. The Eday Sandstones, or John o' Groats Series.
The Rousay beds of Orkney, as described by many previous writers, pass upwards

conformably into an overlying series of yellow and red sandstones and marls, which
contain in many places the fossils which characterise the John o' Groats beds of
Caithness, and are to be regarded as on the same horizon with them. This is a very
different series, and much more varied than the Rousay beds of Orkney. An entire
change in the nature of the sedimentary deposits indicates a complete and comparatively
rapid change in the physical conditions of the area. The yellow sandstones, with their
flag beds grading upwards into red sandstones and marls, must have been the formation
of shallow areas of water, with currents sufficiently strong to introduce now and then
even layers of coarse gravel. The unvarying and monotonous Rousay beds, the deposit
of still, though comparatively shallow water, come suddenly to an end. It is interesting
to observe that these changes were accompanied by the outburst of volcanic action in a
district which had for ages been the seat of uninterrupted quiet sedimentation. In the
whole thickness of the Stromness and Rousay beds of Orkney there is no trace of

* Sir A. Geikie, " Old Red Sandstone," p. 363.
vol. xxxix. part ii. (no. 13). 3 q
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contemporaneous volcanic activity. Tlie same conditions prevailed in the Thurso area,
as was shown by Sir A. Geikie, the first trace of volcanic rocks being the necks on the
shore at Huna, which pierce the red beds of the John o' Groats sandstones.* These
physical changes heralded also the appearance of a completely new fauna in the district.
It is long since it was shown by the late C. W. Peach that at John o' Groats occurred
certain fossils nowhere else to be found, viz., Tristichopterus alatus (Egert.) and
Microbracheus Diclci (Traq.),f and to these Dipterus macropterus (Traq.) was subse¬
quently addedJ by Dr Traquair. The same species occur in Orkney, as I have elsewhere
shown, and here they form practically the only known fossils of these beds. With the
single exception of a specimen of Coccosteus decipiens (Ag.) collected in Newark Bay,
Deerness, by Mr Magnus Spence, and forwarded by him to Dr Traquair, I know of no
other fossils which have been found in them. How sudden and complete the change
must have been is shown by the following facts. In Eday, Glyptolepis paucidens (Ag.)
and Dipterus valencienesii (Sedgw. and Murch.) occur within a few feet of the base of
the yellow sandstones. In the Deerness district Asterolepis, sp. nov., Osteolepis macro-
lepidotus (Ag.), Dipterus valencienesii (Sedgw. and Murch.), Glyptolepis paucidens (Ag.),
and Coccosteus decipiens (Ag.) occur in the rocks immediately underlying these beds,
Dipterus valencienesii (Sedgw. and Murch.) in some places in vast numbers and curiously
small in size. With the single exception already mentioned, not one recurs in the
richly fossiliferous flags among the yellow sandstones. It would seem as if these species
had been unsuited to the new environment in some manner or other, and their extinction
had been rapid and complete. The flags so crowded with remains of Dipterus valen¬
cienesii, only a few of which have attained their full size, irresistibly impress on the
mind the idea of a sudden extermination. At a higher level we find the same confused
aggregation of fishes in the flagstone belts among the yellow sandstones, but this is on
the horizon of the volcanic rocks, and we shall probably be right in regarding it as a

consequence of the volcanic activity. The rocks of this series, unlike those they overlie,
fall perfectly naturally into two main subdivisions, a yellow below and a red above, the
latter possibly an index to the change which ensued on a contraction of the area of the
old lake, and rendered it the seat of chemical operations resulting in a new type of
deposit.

In their paper on the Old Red Sandstone of Orkney, Messrs Peach and Horne
described with great accuracy the boundaries of these rocks, which they named the
'

upper sandstone series' of the lower Old Red. It will be sufficient if I here give merely
a brief account of their distribution. They occur in the centre of the Eday syncline,
forming most of the island of Eday and the Red Holm between it and Westray, and
lying in a gentle syncline, which is broken by a fault bringing up a strip of flags which
stretches from Warness to the Kirk of Skaill. As described by these authors, the
* Sir A. Geikie, Old Bed Sandstone, pt. i. p. 405.
t British. Association Meeting at Aberdeen, 1858.
X Egerton, Geological Survey Decade. Traquaib, Geological Magazine, Nov. 1888. Proc. Roy. Pliys. Soc. Edin.,

1896.
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succession between the lower and the upper series is a perfectly conformable one. An
extension of this syncline occupies Spurness, the S.W. corner of Sanday, and the Calf of
Eday. It stretches southwards into Shapinshay, where it forms the south-east corner of
the island. These beds have mostly a south-east dip, and belong to the west edge of the
syncline. Thence it extends into the opposite shores of the Mainland, and occupies an
area which stretches from Holland Head around the shores of Inganess Bay and in a
narrow strip to the Skerry of Yinistay in Tankerness. The west boundary of this is
a considerable fault already described as seen in the south-west corner of the bay, on
the old Kirkwall road, and running thence along the shore and by Berstane House to
the centre of the Bay of Meil. On the eastern boundary the sandstones pass perfectly
conformably downwards into the flags.

The second area of these rocks is that of Deerness, first described by the present
writer in a previous paper. It is separated by the Tankerness anticline from the
Inganess Bay area, and the Rousay flags appear on the west corner of Deerness, near
Mirkady, and pass up conformably into the John o' Groats beds. The whole area forms
a well marked syncline, which includes almost the whole of Deerness, and stretches thence
into Holm, where a narrow area of these rocks surround the farm of Stembuster. The
dips throughout the south-east half of the sandstones of Deerness are south and south¬
east. At Stembuster the south-east dips gradually swing round to E.N.E., and finally
to nearly north, near the Castle of Claisdie. Several faults occur in the area, one at the
Mull head letting down the red and yellow sandstones against the grey flags, which at
Sandside contain Asterolepis, sp. nov., and Dipterus vcclencienesii (Sedgw. and Murch.),
but none of the John o' Groats fossils. These flags in turn, as we pass southwards,
graduate upwards into the yellow sandstones. Another fault must run into Newark
Bay (though not seen, the area being occupied by blown sand), for to the east of it the
dips are south, while to the west the dips are mostly E.S.E., and the yellow sandstones
of one side strike at the red beds on the other. Much of this syncline must lie out to
sea, and possibly, as already suggested, the red rocks of Stronsay are really part of it,
though it is worth mentioning that the rocks of Copinshay are grey flags, undoubtedly
belonging to a lower horizon.

In the south isles of Orkney the sandstones occupy the centre of the basin.* A
narrow strip of sandstones bound Scapa Bay from Orphir Kirk to near Scapa Distillery
and thence along the eastern shore to Howquoy Head, in Holm. They form the west
end of Rousay and the island of Hunda, here dipping west, the north-west corner of
South Ronaldshay, with a general north-west dip; and on the east side, at Windwick and
St Peter's Church, small areas of sandstones are faulted down among the flags of the
south and east side of the island. In Elotta they occupy principally the northern half
of the island and the adjacent Calf of Flotta, having here a north dip, and passing down
conformably into the grey flags of the southern shore,f Lastly, in the island of Hoy
they are found in that part of Walls to the north of Longhope, around the Burn of Ore,

* Peach and Hobne, op. cit., pp. 11 and 12. t Peach and Hobne, op. cit., p. 12.
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and are separated by a fault by the upper Old Red Sandstone, which extends over the
most of the remainder of the island.

The Yellow Sandstones and Flags of the John o' Groats Series.

Starting at the northern extremity of their area in Orkney, we find that in Eday
these beds occupy a comparatively small area and are of very limited development.
At the Kirk of Skaill, on the eastern shore of Eday, a belt of yellow sandstones
immediately overlies the top flags of the Rousay series. These are followed by
a thin zone of red marls, which in turn are overlaid by thin-bedded calcareous flags, rich
in fossil remains, of which Dipterus macropterus was the only one I found in satisfactory
preservation. Above these we find a series of yellow and red beds (with thin layers of
conglomerate), which form a gradual transition to the red and brown sandstones and
marls so largely developed in the centre and north end of the island. The whole
thickness of this series is not over 100 feet, and it is, in fact, their most insignificant
development in any part of Orkney. Were it not for the very convincing sections
elsewhere obtained, it would be impossible to regard these beds as other than amerely local
facies of the basal series of the red beds. Messrs Peach and Horne* give the following-
estimated thickness:—

Red and yellow sandstones—
Flagstones, 40 feet.
Reddest shales, 15 feet.
Hard white sandstone, 20 feet.
Gray calcareous flagstones.

—the last being the underlying Rousay series, as I regard them, as they contain no
trace of John o' Groats fossils of the group of flagstones interbedded with the sand¬
stones, while Dipterus valencienesii and Glyptolepis paucidens are not infrequent
in them. These yellow beds and flags stretch across London Bay, and emerge again at
Millbounds, where the section is very similar to that described.

On the west side of the syncline the same beds crop out again just to the east of Fers-
ness, where they furnish the chief supply of yellow freestone used for building purposes
in Kirkwall and throughout the islands. A hundred yards to the east of the pier the
yellow beds come in gradually below the red, which here dip about E.S.E. Among
them occur again a belt of thin flags and an insignificant red series. The section, in
fact, repeats in every respect that to the east, and D. macropterus is found in the flags
to the west of the pier, but here the thickness must be somewhat greater, as the
average dip is about 20°, and the area of shore occupied is about 400 yards. At
Warness, again, to the south-west corner of the island, the underlying flags, with here
and there a yellow bed, pass up into a yellow sandstone series, 70 to 80 feet thick, over-

* Peach and Horne, op. cit., p. 5.
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laid by a few feet of red beds, and these by 20 feet of coarse flags (in which I found no
fossils). Over these flags, which no doubt are the same as those of London Bay, come
a few yellow beds, which rapidly give place to the red sandstones of Sealskerry Bay.

In the south end of Sanday these beds recur, and form the western edge of the
promontory of Spurness, disturbed and set on end by a north and south fault, which
brings up with them the underlying beds of flagstones in a narrow strip. A thick
conglomerate occurs among them at Heclabir, but in other respects they differ little
from the Eday sandstones, though, from their limited distribution, no very complete
idea of their features can be formed. After we cross the fault above mentioned, we find
the red sandstones in great strength, forming the shore to near the Noust of Boloquoy
on the north coast. Here yellow and red beds, mixed, strike along the shore, and,
slightly faulted at Grunnavi Head, continue with a dip W.N.W. to Blue Geo, where the
flags again come in. The thickness here is not great; but owing to the presence of
several small faults, an exact estimate is not possible. These beds, traced along the
strike, emerge at Quoyness on the south shore, where, however, they are covered
by the blown sand of the beach. The yellow sandstones of Sanday show the same
features as those of Eday, and, like them, are of comparatively small thickness.

The conglomerates which occur in these rocks of Eday and Sanday have already been
the subject of discussion by several writers.* Professor Heddle noted that at Heclabir,
in Sanday, occurred a bed of conglomerate about 14 feet in thickness, and that the
pebbles it contained consisted of "granites, more than one variety, gneisses, often chloritic,
porphyrys, and seemingly of quartzite,—rocks which are entirely different from the
primitive rocks near Stromness, and therefore rocks not occurring in the islands." t He
states also that both the pebbles and the cementing paste have a highly vitrified aspect,
and that he had a strong impression this was a volcanic conglomerate. Messrs Peach and
Horne state with regard to the beds of Eday, which form very insignificant belts at the
base of the red series—nowhere over a few inches in thickness—that " the included pebbles
consist of fragments of mica schist, quartzite, gneiss, granite, and other metamorphic
rocks, all stained of a reddish colour." J According to my own observations, all those
mentioned occur with one exception; the commonest by far at Heclabir being a creamy
or white lustrous quartzite, in much rounded and waterworn pebbles, up to 6 inches in
diameter. At the latter locality I was unable to find any volcanic rocks, but there
were very numerous pebbles of grey limestone, which microscopic sections showed to
be entirely holo-erystalline and true marbles, without any trace of organic structure.
With these were others which at first puzzled me ; but on referring to Mr Peach, he at
once recognised them as cherts and cherty limestones from the Eillean Dhu series
of Durness (Cambrian); and the microscope showed that, like these, they were of oolitic
structure, though, so far as my examination went, by no means so perfect as in the

* Jameson, Mineralogy of the Scottish Isles, vol. ii. p. 257.
t Heddle, Geognosy of Scotland, v. p. 103.
| Peach and Hornb, op. A, p. 5.
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sections shown me by Mr Peach. By his advice I searched carefully, on a subsequent
visit to the spot, for traces of the piped quartzites and other Cambrian rocks, but failed
to observe any. The presence of these pebble beds shows very clearly how great must
have been the physical changes which the area had undergone, before sediment so coarse
reached districts which had long been the seat of a deposit of the finest grain and the
most uniform nature. They are very local in distribution, no trace of the thick beds at
Heclabir being found among the yellow sandstones in other areas of Sanday, or indeed
anywhere in the district, except on the opposite shore of Eday, where their thickness is
quite trivial in comparison.

The yellow beds of Eday and Sanday stretch southward into Shapinshay, where they
attain a much greater importance, forming, in fact, the whole thickness of the John o'
Groats series in that island. Here the outcrop forms the south-east corner, and is
bounded by a line running N.E. from the angle of the bay below the Established Church
on the south shore to the Bay of Crook on the east. The underlying flags seem to pass

up quite conformably and without any important break into a series of yellow current-
bedded sandstones, mixed with numerous thin beds of dark-coloured flags. Along the
east side the structure is simplest, the prevalent dips being S.E. and E.S.E., but elsewhere
the dips roll greatly, and the beds are evidently being constantly repeated. The yellow
sandstones overlying these mixed beds are very pure and massive, and cannot, with
any probability, be estimated at less than 400 to 500 feet. Only very rarely is a red-
coloured bed of clay to be seen ; but at more than one place there occur belts of flags
intercalated between yellow sandstones, and in some places 30 feet in thickness. These
flags may be the counterparts in this area of the flagstones which in Eday occupy a
similar position, and, like them, they contain the characteristic John o' Groats fossils,
one specimen of Tristichopterus alatus (Egert.) having been found by me at Store
Point in a coarse grey flag. It is among them also that the volcanic rocks * occur which
Peach and Horne described as the only evidence of contemporaneous volcanic action in
the lower Old Eed of Orkney. They consist of a single lava flow, which, though much
weathered, is recognisable as an olivine diabase, and is distinctly vesicular at the top
surface, while it rests quite conformably on the underlying flag, which is considerably
baked and altered.! To their observations I have only a few to add. The interbedded
character of the volcanic rock is shown also by the occurrence at its south-western
corner of a bed of ash several inches thick immediately overlying it, while in several
places thin layers of sprinkled ash can be traced in the overlying flags a few inches
apart, and to a distance of 10 feet above the surface of the lava. This shows that
though the volcanic activity resulted apparently in only one outflow of lava, it con¬
tinued for a time to produce occasional showers of ashes, which were spread out over the
sea-bottom, and mixed with the sediment accumulating there. At its base the lava
contains here and there a bit of an angular baked flag, but its upper surface is vesicular

* Jameson, Mineralogy of the Scottish Islands, ii. 235.
+ Peach and Horne, op. cit., pp. 9 and 13.
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and very irregular, the sandstone filling up all these irregularities quite unaltered and
undisturbed in bedding. In several places the lava is 30 feet thick, but in one little
creek its top and bottom surfaces were seen in section, and here it was not over 12 feet
in thickness. Its greatest development is to the south and east, from which direction it
seems to have flowed from a source now, no doubt, concealed by the sea; and this con¬
clusion is strengthened by the occurrence on the same horizon of similar volcanic rocks
in the sandstones of Deerness.

The southern termination of this area of John o' Groats beds corresponds very

closely with the shores of Inganess Bay. At more than one place in this district the
flagstones have yielded Dipterus macropterus (Traq.) and Tristichopterus alatus (Egert.),
and in it occur both types of sediment characteristic of these rocks ; but so completely is
it occupied by the sea that little certainty can be attained as to its exact geological
structure. Along the eastern shores the rocks are yellow sandstones, with many thin
beds of dark brittle flag, dipping mostly N.W. at gentle angles. On its western side,
again, the red sandstones and marls of Holland Head are underlain by a fine pure yellow
sandstone below Berstane House, which at its lower part contains belts of flagstone, and
even an occasional red bed. The proximity to the great fault which runs out to sea in
Meil Bay disturbs these rocks somewhat, but there can be no doubt that this is the
order of the succession, and that, on the whole, these are higher in the series than
the yellow sandstones, which on the other side of the bay rest on the flags of the
East Mainland anticline. The area must be somewhat disturbed by faults, for on
the shore to the southward, at the west corner of Inganess Bay, we find a patch of red
marls which belong undoubtedly to the overlying red series. The yellow sandstones of
this area bear a close resemblance to those of Shapinshay, from, which they differ chiefly
in the absence of any interbedded volcanic rocks. They show also that the Shapinshay
rocks are merely the basal part of the series, and that overlying the yellow beds in
this area, as in Eday, there is a series of red sandstones and marls of considerable
thickness.

In Deerness occurs an area of John o' Groats beds which in some respects is the most
varied and interesting of any in Orkney. Separated from the previous series by the
anticline which brings up the lower flags through the parish of St Andrews, it forms in
turn a syncline or basin, of which only the northern half is accessible to observation.
The axis of this syncline runs probably E.N.E. from Stembuster on the shore south of
Dingieshowie, and on the south side of this axis we have only a very short stretch of
sandstones along the shore to just south of the Castle of Claisdie, where they pass down
into the grey flags of the parish of Holm. Northwards along the shore the clips sweep
round, till at Dingieshowie they are E.S.E. ; and E.S.E. and S.E. clips, as already remarked,
are far the most prevalent throughout the parish of Deerness. One of the most com¬
plete and trustworthy sections is that described by me in a previous paper * as stretching
from Dingieshowie to Newark Bay along the south shore, but this is in so far incom-

* Trans. Boy. Bhys. Soc. Edin., vol. xiii.
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plete that the fault which crosses the isthmus at Dingieshowie cuts out the passage beds
underlying the yellow sandstones. These are seen in the shores farther west, at Stem-
buster, where they consist of thin courses of yellow sandstone with slaty flags between,
forming a very gradual transition between the two types of sediment. Above these
£

passage beds' lies a series of red marls, with thin yellow and brown sandstones (40 feet)
between, recalling in some ways the beds described as occupying a similar position in
Eday. The exact point at which the base of this series should be drawn is a matter of
some doubt, as among the lowest of them occur beds crowded with Dipterus valen-
cienesii (Sedgw. and Murch.), and containing also Asterolepis, sp. nov., but containing no
other fishes, an observation due to Mr Magnus Spence. Traced upwards, the red beds
pass gradually into a pure massive yellow sandstone, which forms the high cliff below
Tornpike, and is, no doubt, the same as that of Delday's Banks. These lowest beds are

exposed also in other parts of the parish, as at Braebuster and the shores to the south of
it, wh^re thin grey flags pass gradually up into yellow sandstones. In the north shore
of. Deerness a very similar series occurs at Halle, and extend thence to near the Cove¬
nanters Monument, lying very flat, and forming the extreme N. edge of the syncline;
and these rocks must again outcrop in Sandside Bay, between the flags which form its
northern side and the yellow sandstones to the south, though here the rock is concealed
by the blown sand which occupies the centre of the bay. Just north of the Brough of
Deerness the presence of a few red beds beneath the yellow sandstones is well seen in a

lofty cliff, and again the same feature is to be observed in the shore below Horraquoy.
The yellow sandstones recall, in very many respects, those of Shapinshay. They are of
much the same thickness, 400 to 500 feet, and through them lie here and there belts of
thin grey calcareous flags, which are the chief source of the John o' Groats fossils of
Orkney. They contain Dipterus mcicropterus (Traq.), Tristichopterus alatus (Egert.),
and Microbrachius Diclci (Traq.), the first especially in great abundance, and often in
fine preservation ; and it is probable that through the low lying centre of the parish these
largely replace the yellow sandstone series.

A further point of similarity to the yellow sandstones of Shapinshay is furnished by
the presence in these beds of a zone of contemporaneous volcanic rocks of basic com¬
position. These occur rather above the middle of the yellow series, and, as in the
district previously described, they are immediately associated with a belt of grey flags
intercalated among the sandstones. They consist of both ashes and lavas, and in
addition there are several intrusive sheets which, from their composition and general
character, are undoubtedly to be ascribed to the same volcanic source.

At the extreme south-east corner of the parish, at the Point of Ayre, a series of
volcanic rocks form a narrow belt running W.N.W. in the land, and outcropping on the
seashore. The general dip in this quarter is S. and S.S.E., and from Horraquoy
southward along the east shore we pass over a gradually ascending section of the lower
members of the yellow sandstones. This dip continues to the Point of Ayre, which
consists of beds of flagstone, and these, though somewhat faulted, evidently are to be
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assigned to the upper part of the yellow beds. From this point westward they strike
along the shore, which they form up to the Bay of Newark, where they are covered by
blown sand. On the west side of the bay, beds occur striking N.N.E., and evidently let
down by means of a dislocation covered by the superficial accumulations in the centre
of the bay. The principal mass of volcanic rock at the Point of Ayre forms a narrow
area which runs E.S.E. out to sea, and is in breadth about 40 yards. Its base is not
seen, and its lower member is a thick bed of dark green volcanic ash, with large spherical
bombs up to 2 feet in diameter, vesicular, especially in the centre, and much decomposed.
A few bits of baked flag occur in the ash, and it weathers in a markedly spheroidal
manner, resembling, in fact, very closely many of the basaltic ash beds around the shores of
the Firth of Forth, as at Kinghorn and Elie. In general it shows no trace of bedding, but
here and there a few thin irregular lenticles of sand are to be seen, which prove that though
rapidly accumulated, it is not the product of a single outburst. A curious feature is
the existence in it of flagstone veins. These are very tortuous and irregular, an inch or
two in thickness, and filled with a normal, somewhat calcareous flagstone, in which little
or no trace of any metamorphism is to be found. They are vertical, and show no sign
of bedding or contortion, and are to be regarded as due to the formation of cracks in the
thick accumulation of volcanic ash, into which the ordinary sediment of the sea-bottom
was washed. At first glance, this bed of agglomerate suggests at once that it is a
volcanic neck, and the elongated form of its outcrop would support this explanation.
But its junction with the flags to the south is a small fault, and these show none of that
alteration which is to be expected in the walls of a volcanic neck. And, moreover, the
bed itself is seen in the low cliff to be overlaid by a thin lava, and that again by well-
bedded flags. Still, it is in every way probable that an accumulation of this sort was
formed in the immediate proximity of a volcanic orifice. The overlying lava is some
three feet in greatest thickness, vesicular at its upper surface, the vesicles being large,
not markedly elongated, and filled with calcite and other secondary minerals. It is
greatly decomposed, but shows little of the spheroidal weathering of the agglomerate,
being rather divided by well-marked joints into polygonal vertical columns. Under the
microscope it turns out to be an olivine basalt, so greatly decomposed that few of the
original minerals remain. At the western corner of the outcrop this lava is seen to be,
in turn, overlaid by ordinary flags, which are in nowise altered by the heat of the under¬
lying rock, and contain little or no fragmental volcanic matter. These rocks are bounded
to the south, and probably also to the north, by small faults. A few yards to the west
of them, what seems to be a quite distinct outflow is exposed in the shore. This is the
edge of a small lava flow, three feet in thickness, and thinning out in a few yards to the
south, while the flags close over it. It is dark in colour, with large steam cavities in its
upper surface, and bears a striking resemblance to the volcanic rock at Haco's Ness,
Shapinshay. The sea has removed the overlying rocks, except at the thin edge, where a
layer of dark green ashes mixed with sand is seen to immediately overlie the lava,
succeeded in turn by a normal unbaked ordinary flag. The lava rests upon a similar
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flagstone, and hence cannot be the same as that already described to overlie the thick
agglomerate bed, a few yards further to the east.

Among the yellow sandstones, about two miles further to the west along the shore,
and about a hundred feet below where they pass into the red sandstones, occurs another
belt of contemporaneous volcanic rock. It is associated here, also, with a series of flag¬
stones, and no doubt is on the same level as the rocks just described. In a little bay to
the east of the Castle, a bed of dark green ashy sandstones, mostly fine-grained, but with
here and there lapilli of a couple of inches in diameter, is to be seen, interbedded with
yellow sandstones and flags. It is very similar in character to the ash beds in
Shapinshay which overlie the lava; but while these are mostly of very inconsiderable
thickness, it is in some places three or four feet thick. No lava is associated with it,
and in the sandstones above and below I found no trace of any recurrence of the volcanic
activity. In all probability it is the representative, in this section, of the coarse

agglomerate already described, which must have greatly thinned out in the intervening
distance. The striking feature of this volcanic zone is its very diminutive thickness.
Still, the occurrence in Orkney of such a zone is a remarkable confirmation of the opinion
expressed by Sir A. Geikie, that the " ancient volcano of John o' Groats might be one of
a series which might hopefully be sought for among the Orkney Islands." #

Rocks of an intrusive origin occur also in this district, the principal mass being
exposed in the locality last mentioned, about 50 yards west of the ashy sandstone. It
forms a mass of about 25 feet in thickness, though its base is not exposed, a dark green
rock, which is first seen in the shore, and runs out to sea in a series of picturesque stacks
and reefs. Its intrusive character is shown by the absence of any amygdaloidal upper
surface, and the evidently unconformable junction with the overlying sandstones. Yet
these were, so far as I could make out, not markedly altered, though they are so decom¬
posed that this would not be easy to determine. The rock is about 30 feet beneath the
ashy sandstone, and in structure is a much weathered diabase, with crystals of plagioclase
felspar, augite, and probably olivine, almost entirely decomposed into green chloritic
products, which show traces of ophitic structure. Throughout Deerness, in several
places, occur masses of volcanic rock so decomposed and so obscured in their geological
relations by the surface accumulations that it is not easy to form an opinion as to their
true character. They all occur among the yellow sandstones and the flags associated
with them. One is seen to the south of the Free Church, and several outcrops are
known in the vicinity of the Public School. I am greatly indebted to Mr Magnus
Spence for specimens and observations on these outcrops. From their microscopic
structure and the absence of any accompanying tuffs, they are in all probability intrusive
sheets. The freshest specimen I obtained was a dark green diabase, with well-marked
ophitic structure and pseudomorphs of serpentine after olivine. It came from a deep
pit, at one time sunk in a field behind the Public School.!

* Sir A. Geikie, " Old Red Sandstone," Trans. Boy. Soc. Edin., vol. xxviii. p. 406.
t The Black Holm of Copinshay consists of an intrusive sheet of olivine diabase about 30 feet thick, enclosing a large

mass of baked flag penetrated by numerous veins. This is probably that referred to by Jameson, Scottish Islands, ii. p. 235.
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An outcrop of special interest occurs in a field 400 yards west of Bmiddybanks.
Here, in an old gravel-pit, a face some ten feet high is exposed, now much broken down
by weathering. The rock is a coarse red sandy ash, with green spots. In it occur very
numerous sandstone and flagstone fragments, some as large as a man's head,—the sand¬
stones baked into quartzites ; the flags fused and slaggy on their surfaces, and with their
edges rounded. Materials such as these form a considerable proportion of the whole
mass. It seems unbedded, or rather the few traces of bedding planes showed a dip dis¬
cordant with that of the surrounding sandstones. No similar bed crops out along the
shore, and the outcrop seems to be limited in area and rudely circular in outline, though,
as it occurs in the midst of cultivated land, its exact margins cannot be traced. It is
difficult to understand what this is, unless it be regarded as a small volcanic neck, the
mixed nature of its fragments being so different from that of the other ash beds, while
its position in the centre of the intrusive sheets and lavas and ashes already described
renders such a hypothesis, to say the least, highly probable.

There can be no doubt that all these volcanic rocks owe their origin to the same
period of volcanic activity. Their situation, almost in the direct line between the Neck
of Huna and the lava of Haco's Ness, points to the existence of a north and south
fracture or line of weakness, which may be ascribed to the earth movements, which,
at the close of the deposition of the Rousay rocks of Orkney, introduced new types of
sediment and new forms of life. To the westwards, at any rate, no trace of similar
structures has been found. At two subsequent periods volcanic rocks rose to the surface
in this district: one series forms the lavas and ash beds of Hoy, described by Sir A.
Geikie. These, too, are of basaltic character, but they are separated from those we are
at present considering by a great conformity. The others form the trap dykes, which
traverse the flagstones mostly in an E.N.E. and W.S.W. direction. But these latter
are in no place connected with surface outflows, and differ so widely in structure and
composition from the rocks of Deerness and Shapinshay, as undoubtedly to have proceeded
from quite distinct sources. They are, in fact, chiefly developed in the West Mainland,
and are comparatively few in regions occupied by John o' Groats rocks.

The only remaining district of the yellow sandstones is the basin of the South Isles.
A complete examination of this area I was unable to overtake, but was compelled to
confine myself to the islands of South Ronaldshay and Burray, in which they occupy
the largest area of any of the South Isles, and very clear sections are to be obtained.
Here, also, the underlying yellow series is well developed, and passes down by means
of a series of flaggy passage beds into the grey flags, which at the south end of South
Ronaldshay contain the Rousay fossils. These passage beds are well seen on the south
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shore of Watersound, just east of St Margaret's Hope. At Stews Head they contain a
few reddish bands. In South Ronaldshay the yellow series is largely developed, and,
with the exception of the district from Widewall to St Margaret's Hope, and thence to
Hoxa, they occupy all the areas marked on the map as belonging to John o' Groats
beds. A fine section of massive yellow sandstones, with a few flag-beds, is seen extending
from Barswick on the west side, north to Herston Head. It is broken by several faults,
but there can be no doubt that in thickness it is greater than any other section of
the same rocks elsewhere exposed in Orkney. Among these beds no trace of a volcanic
zone has yet been discovered, and as yet no John o' Groats fossils have been obtained
from any of the South Isles. Their relationships are such, however, as to leave no
doubt whatever of their position in the series.

In the district around Melsetter in the island of Hoy, according to Peach and Hokne,
bands of yellow sandstone occur, overlying conformably the flags which form the south
end of the island. These resemble greatly the upper Old Red Sandstones of the west
end of Hoy, which unconformably overlie the flags. Now, at the west side of Hoy,
opposite Graemsay, the upper sandstones rest on flags which are to be correlated with
the Orcadian beds of the opposite shores of Stromness. This is clear proof of the great
erosion which must have preceded the deposition of the upper Old Red series in Orkney,
as time sufficient for the removal of all the Rousay rocks and all the John o' Groats
rocks of Orkney must have elapsed before the upper beds were laid down on the up¬
turned edges of the Stromness flags which form the base of the Old Man of Hoy.

The Red Sandstones of the John o' Groats Beds.

The red sandstones of the John o' Groats beds of Orkney have their greatest
development in South Ronaldshay, in the extreme south, and in Eday, at the extreme
north of the country, while in the intervening districts their thickness is small. In
Eday, they form the entire north end of the island, and thence pass down the centre to
Sealskerry Bay. Some of the highest elevations along this line have a height of 350
feet, and the least possible estimate of the thickness of the whole series cannot be less
than 600 feet. The yellow sandstones of this island are, however, of only slight thick¬
ness, and it is possible that the red beds, in fact, replace the yellow, which further south
have a much greater development. Red sandstones form also the south-east corner of
the island around the point of Yeness. To the geologist these beds are somewhat
uninteresting. No fossils have been found in them, and they contain no con¬

temporaneous volcanic rocks. The absence of fossils is perhaps due to the fact that
there are no beds of close-grained flag suitable for the preservation of organic remains.
The beds themselves consist of coarse red sandstones, often in thick beds, alternating
with red shales and marls, with sometimes a greenish or greyish shale. In Eday the
sandstones greatly preponderate, and in some places are so coarse as to deserve the title
of ' grits.' No traces of any chemical deposit, such as rock salt or gypsum, occur any-
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where, and the red matter is uniformly disposed through the rock, except where leached
out by percolating water, or where aggregated into irregular layers of iron pan.

In Sanday, along the west shore, the beds have a very similar character, but are more
friable, owing to the admixture of dark red clay. In Shapinshay red beds practically do
notoccm*, the only representatives of the John o' Groats beds being the yellow sandstones
and flags; but on Holland Head red beds again appear, with every peculiarity to be found
in those of Eday. Here, again, the beds are mostly massive sandstones, the red shales
being of only secondary importance. The total thickness in this section is about 200
feet. In Deerness, red beds form the western shore of Newark Bay, and stretch west¬
wards nearly to the Castle. Here thick coarse sandstones are mixed with green and red
marls. The extreme north point of the parish consists of similar rocks, which are let
down by a fault running east and west just south of the Mull Head. They have little
of the massive uniformity which characterises the beds of Eday, the alternations in the
nature of the sediment being comparatively frequent. Red beds form also the cliff above
the Scapa Pier, but in the South Isles area, their best exposure is that from Widewall
in South Ronaldsliay, by Roeberry, to Hoxa, and thence to St Margaret's Hope along the
shore. Here the dip is gentle to north and north-west, and the underlying beds of yellow
sandstone pass up very gradually into the deep red marls beneath Roeberry House.
The thickness of these marls—which contain thin beds of red sandstone—is considerable,
and they resemble closely the beds seen in Calf Sound, in Eday, in every respect, except
their greater thickness. Similar beds are to be seen below Smiddybanks in St Margaret's
Hope. Overlying these there come in massive coarse red sandstones, which occupy the
rest of the area up to Hoxa, where they are faulted against the flags of Hoxa Head.
The thickness exposed in this section is about 500 feet, and not greatly less than that of
Eday, where the yellow sandstones are so insignificant. The whole thickness of the
John o' Groats beds of Orkney may thus be put down at about 1000 feet in its greatest
development. Red beds occur also in Burray and Hunda, but these present no features
of special interest to merit a separate description.

With these red sandstones the long history of the Orcadian Old Red of Orkney comes
to a close. A complete change in the nature of the sediment accompanied what must
have been considerable changes in the physical conditions of the area. Yet it is, after
all, only a reversion to that type of deposit which elsewhere had been the main one for
vast periods of time. In the nature of its rocks and in the limited development of
volcanic activity, this area had long been a great contrast to the Old Red of Southern
Scotland; only at its close do we find a partial resemblance to make its appearance.
The red sandstones are the least important part of the Orkney Old Red. Neither in
Caithness nor Orkney do wre find them conformably overlaid by any other rock. The
new conditions which supervened were marked by the precursors of a new fauna, of
which the first example is the Asterolepis, a fish so characteristic of the upper Old Red
of the southern shores of the Moray Firth. But before that fauna was to attain its
greatest development great changes in the physical geography of Scotland had to take
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place, and vast periods of time to elapse. Before the deposit of the upper Old Red of
Hoy, much of the Orcadian Old Red had been stripped from the surface of the Orkneys,
and very considerable dislocations had modified entirely the old physiography and
structure of the country.

III.—Comparison with the Old Red of other Districts.

Such being in its main features the structure of the Orkneys, and the subdivisions
which can be established by the distribution of the fossils, it remains to be considered
how far these conclusions can be applied to other districts in which rocks of like age and
similar fossils occur.

The John o' Groats Beds and the Eday Sandstones.

As regards the uppermost beds, the inquiry is a simple one. Rocks containing
the same fossils occur in only one locality—the north-eastern angle of Caithness;
and here their lithological characters so strikingly resemble those of the Orkney
beds that no difficulty whatever can be felt in accepting their zonal identity. The
John o' Groats beds of Caithness are, then, to be correlated with the Eday, Deerness,
and South Ronaldshay sandstones of Orkney. Sir A. Geikie gives a list of the fossils
which have been found in this series in Caithness.* He enumerates, in addition to the
three type fossils, Acanthodes Peachi (Eg.) and Glyptolepis leptopterus (Ag.), neither
of which is known to be present in the similar beds of Orkney. It is remarkable how in
both counties the fishes characteristic of the lower rocks have been superseded by new

types so completely that almost no trace of their persistence is to be obtained. The
uppermost zone of the Orcadian Old Red is thus a well characterised one, and may be
designated, from the locality in which alone it was known to occur for many years,
The John o' Groats Sandstones (zone of Tristichopterus alatus, Egert.).

The Thurso and Rousay Beds.

For the representatives elsewhere in Scotland of the lower zones, we must look to
two localities, to Cromarty, from which Hugh Miller and Agassiz early in the century
furnished a list of fossils, and to Caithness, where, since the time of Hugh Miller and
Robert Dick, much work has been done in the palaeontology of the Old Red. The earlier
work has subsequently been subjected to thorough revision, and a wealth of new
material been brought to light by Dr Traquair, to whose papers I am greatly indebted,
and on whose published statements I shall rely in comparing the lists of fossils from
each locality. In his paper, " Achanarras Revisited " (I894),t he has briefly stated the

* Sir A. Geikie, Old Bed Sandstone, p. 404.
t Traquaib, Proc. Boy. Phys. Soc. Edin., vol. xii., 1894.



THE OLD RED SANDSTONE OE THE ORKNEYS. 421

results of a comparison of lists of fossils from Caithness, Orkney, and Cromarty, and the
result is a division of the known fossils into three groups. .One is that we have already
considered—the John o' Croats group. The second contains a series of fossils which
occur together only in the neighbourhood of Thurso. The list is as follows :—

Homacanthus borealis (Traq.).
Bhadinacanthus longispinus (Ag.).
Mesacanthus Peachi (Egert.).
Gheiracanthus, sp. (perhaps 2 sp.).
Coccosteus decipiens (Ag.).
Coccosteus minor (H. Miller).
Homosteus Milleri (Traq.).
Bipterus valencienesii (Sedgw. and Murch.).
Glyptolepis paucidens (Ag.).
Thursius macrolepidotus (Sedgw. and Murch.).
Thursius pholidotus (Traq.).
Osteolepis microlepidotus (Pander.).
(Scales, doubtfully resembling those of G-yroptychius).

It will be observed that this list contains the type fossils of the Rousay series of
Orkney, Coccosteus minor (H. Miller) and Thursius 'pholidotus (Traq.); and when we
compare it with the list of the fossils I have found in those rocks, we find that the
following species occur in both :—

Goccosteus minor (H. Miller).
Thursius pholidotus (Traq.).
JDipterus valencienesii (Sedgw. and Murch.).
Glyplolepispaucidens (Ag.).
Gheiracanthus, sp.
Goccosteus decipicns (Ag.).
Homosteus Milleri (Traq.).

With the exception of the first two, these are all contained in the list of fossils which
occur throughout the whole thickness of the Orkney flagstones. In Orkney occurs one

species not yet found in Caithness, Asterolepis, sp. nov., which, considering that it is a
fossil of limited range, and confined to a few beds of rock, is an exception of no great
importance; and two others present in Caithness, but not known from the vicinity of
Thurso, Osteolepis macrolepidotus (Ag.) and Diplopterus Agassizi. Of these, the latter
is one of the rarest of Caithness species, while in Orkney it is quite common, especially
in the quarries of Sandwick and Stromness. From the Rousay beds of Orkney I have
seen only one satisfactory specimen. It is probable that we have here a case of local
distribution, and that the absence of this fossil from the rocks around Thurso is due, not
to adverse conditions of preservation, but that rather it was from the first a species
characteristic of the more northern area, and hence more likely to persist there, and
occur on a higher horizon. On the other hand, we have a number of forms known
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to occur near Thurso, but not found as yet in the Rousay beds of Orkney. These
are —

Homcicanthus borealis (Traq.).
Bhaclinacanthus longispinus, (Ag.).
Mesacanthus Peaclii (Egert.).
Thursius macrolepidotus (Sedgw. and Murch.).
Osteole-pis microlepidotus (Pander.).

Of these, the first is a rare fossil, and only described for the first time in
1892.* The second cannot be regarded as very abundant, seeing that the British
Museum Catalogue (1891) does not enumerate it as a Caithness species. The third has
not, so far, been mentioned in the literature of Orcadian geology, though Dr Traquair, I
believe, has obtained a species of Mesacanthus from Orkney this last summer. That
these three rarities should be known from the carefully examined rocks around Thurso,
and not as yet from the Rousay beds of Orkney, to which attention has only lately been
directed, cannot be regarded as a strong argument against the theory that the one
series is the northern representative of the other. The two remaining fossils are of
more importance, seeing that they are regarded by Dr Traquair as typical of the Thurso
rocks, and confined to them. One of these, Osteolepis microlepidotus (Pander.), is very
characteristic of them, and abundant in some of the beds ; but I have, at many different
times, examined collections of Orcadian fossils, and carefully searched the rocks for this
species, without ever obtaining a specimen which Dr Traquair would admit belonged to
it. No doubt it has figured more than once in lists of fossils from Orkney, but the
identification is at present more than- doubtful. It is possible that we have here a case
of local distribution the converse of that of Diplopterus, but at any rate the discrepancy
is one which cannot be overlooked, and it is to be hoped that further search in Orkney
will bring this fish to light. Thursius macrolepidotus (Ag.), it may also be anticipated,
will turn up in the Rousay beds, or at any rate its absence is not very remarkable when
we remember that only one satisfactory specimen of the other species of the same genus
has yet been discovered. Yet that, in that case, in the same quarry, two species which,
according to Dr Traquair, are typical of the Thurso rocks, should have been found
together for the first time in Orkney, is a surprising confirmation of the views he enun¬
ciated in 1894, that they are type species of a special subdivision of the Orcadian Old
Red ; and that their distribution in Orkney, so far as yet known, is in complete accord¬
ance with this supposition, has already been proved to be the case. They occur
always on practically the same horizon, and in the lowest beds they have never yet
been found.

No other locality for these two fossils is at present known, and from the district in
which they have been longest and most thoroughly investigated they may be named
the Thurso Beds, or the Zone of Coccosteus minor (Hugh Miller) and Thursius
pholidotus (Traq.).

* Trails. Geol. Soo. Edin., 1892.
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The Cromarty, Achanarras, and Stromness Beds.
The third group of fossils recognised by Dr Traquair is that which HughMiller first

described from Cromarty, and he himself, on several occasions, from Achanarras
(Caithness), and which was long believed to be the only one present in the Orkneys.

The following is a list of the fossils of Cromarty, Achanarras, and the Stromness beds
of Orkney .—

Palceo spondylus Gunni, ...... A.

Diplacanthus striatus (Ag.), ..... . C. A. 0.

„ tenuistriatus (Traq.), .... . C.

Phadinacanthus longispinus (Traq.), .... . c. A. 0.

Mesacanthus pusillus (Traq.), ..... . c. A.? 0.?
Gheiracanthus Murchisoni (Ag.),. .... . c. A. 0.

•

„ latus (Egert.), ..... . c.

„ grandispinus (M'Coy), 0.

Pterichthys Milleri (Ag.), ...... . c. A. 0.

„ productus (Ag.), . c. A. 0.

„ oblongus (Ag.), . c. A.

Dipterus valencienisii, (Sedgw. and Murch.), . c. A. 0.

Coccosteus decipiens (Ag.), ...... . c. A. 0.

Homosteus Milleri (Traq.),...... . c. A. 0.

Glyptolepis paucidens (Ag.), . . . . A, 0.

„ leptopterus (Ag.), ..... . c. 0.

Gyroptychius microlepidotus (Ag.), .... . c. ? 0.

Diploptenis Agassizi (Traill), ..... . c. A. 0.

Osteolepis macrolepidota (Ag.), . . . . c. A. 0.

Cheirolepis Trailli (Ag.), . . c. A. 0. *

A glance will show the very complete accordance of these lists. All the more
frequently occurring fishes are common to all the localities, except possibly Glyptolepis
paucidens (Ag.), which in the Cromarty district is replaced by the closely allied
Glyptolepis leptopterus (Ag.). Gyroptychius microlepidotus (Ag.) seems to be absent
from the Caithness area. The other fishes found in one area only are all rare fossils.

If, now, we examine the list to ascertain which fossils are confined to these areas, we
find that—

Palceospondylus Gunni (Traq.)
Diplacanthus, 2 sp.

Pterychthys, 3 sp.

Cheirolepis Trailli (Ag.)
and possibly

Gyroptychius microlepidotus (Ag.)

are not known to occur elsewhere.

* This list has been compiled from—Traquair, "Fossil Vertebrates of the Moray Firth"; Traquair, "Achanarras
Revisited"; A. S. Woodward, British Museum Catalogue of Fossil Fishes.

yol. xxxix. part ii. (no. 13). 3 s
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To these Dr Traquair adds two—Osteolepis macrolepidotus (Ag.), which certainly
occurs in the East Mainland of Orkney, and Diplopterus Agassizi (Traill), which,
he says, he has not been able to establish with certainty as a member of the Thurso
group. If we except the rare Pcdceospondylus Gunni (Traq.), which is known only
from Achanarras, we have three genera and six species which, so far as our present
knowledge of the distribution of the fossil fishes of the Scottish Old Red Sandstone
goes, may serve as type fossils for this group of rocks; and these, it will be remembered,
are the genera which I found in Orkney to characterise the Stromness beds ; and we may

regard it as established that this is a distinct zone of the Orcadian Old Red Sandstone,
of which the representatives are the sandstones of Cromarty, Lethen, Gamrie, Clunie,
and Tynet, the flagstones of Achanarras in Caithness, and the Stromness beds of the
Orkneys.

In conclusion, I wish to acknowledge my indebtedness to those who have assisted
me in this work—to Professor James Geikie, D.C.L., LL.D., F.R.S., without whose
encouragement and advice it would never have been undertaken ; to Dr R. H. Traquair,
LL.D., F.R.S., who has determined for me all the more important specimens collected,
and has kindly undertaken the description of the new material which turned up in the
course of the investigation ; to Messrs Benjamin Peach, F.R.S., and John Horne, F.G.S.,
of the Geological Survey of Scotland, who have at all times placed at my service their
great knowledge of field work, and their intimate acquaintance with the geology of
the district. Mr James W. Cursiter, F.S.A. Scot., of Kirkwall, kindly placed at my
disposal his fine library of books relating to the county, and his collection of Orkney
fossils; Mr Thomas M'Crie, of Kirkwall, allowed me also to examine his collection ; and
Mr Magnus Spence, of Deerness, gave me most valuable assistance in the field work in
that district and elsewhere.
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XXXIII.—The Trap Dykes of the Orkneys.—By John S. Flett, M.A., B.Sc.
(With Three Plates.)

(Read June 19, 1899.)

Previous Accounts of the Trap Dykes of the Orkneys.

The existence of a series of trap dykes cutting the Old Red Sandstone strata of the
Orkneys has been noted by most of the geologists who have examined the islands. In
his description of the Mainland or Pomona, Professor Jameson states (I., p. 233, vol i.)
that "at Yesknaby is the only basaltic rock which I observed in the whole island.
It forms veins which traverse the common argillaceous sandstone. The crystals of
hornblende, which are contained in it, are larger than usual in such rocks, being more
than an inch long and half an inch broad. I sometimes observed small cavities filled
with bitumen." Sir Archibald Geikie, in his account of the Old Red Sandstone of
Grkney, remarks (II., p. 408) : " Here and there a few basalt dykes—far outlying
portions, no doubt, of the great Tertiary series of the West of Scotland—cut through
the flagstones with a prevalent direction towards west or north-west." Messrs Peach
and Horne, in their paper on The Old Red Sandstone of Orkney (III., p. 14), describe
them in the following terms : " Several dykes of basalt were observed among the
islands. They are most numerous and conspicuous on the west coast of the Mainland
from Breckness to Skaill, but as they have been so often described, it is unnecessary to
refer to them in detail. They have the same lithological characters, and behave in
exactly the same manner as the dykes in other parts of Scotland, which have been
regarded as the product of volcanic energy in Miocene times. A noticeable feature
about the Orcadian representatives is, that they are usually divided up the centre of
the dyke by a line of vesicles. This is not an uncommon feature elsewhere." In the
chapter on the Geology of Orkney in Tudor's The Orkneys and Shetland, by the same
authors, the dykes are referred to in similar terms (IV., p. 191). A somewhat more
minute examination of these dykes was made by Professor M. Foster Heddle. He
notes the presence of augite, olivine, and hornblende in certain dykes near Skaill
(V., p. 118), and gives a map of the dyke which cuts the west end of the granite outcrop
at Inganess (V., pi. viii.). He figures also a crystal of augite of simple form which he
found in a dyke on Scabra Head, Rousay (V., p. 128).

The present account is based on investigations made in the field in the summer
vacations of 1897 and 1898. The microscopic and chemical work was done in the
geological laboratory of the University of Edinburgh. The result has been to show

vol. xxxix. part iv. (no. 33). 6 s
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that these dykes belong to the bostonites, camptonites, monchiquites, and alnoites, and
that we have in Orkney a very interesting and remarkable series of this peculiar group
of rocks.

I. The Geological Features of the Trap Dykes.

Their Number and Distribution.—The number of dykes from which specimens have
been collected and examined during this investigation cannot be less than a hundred,
and this might he considerably increased were we to regard as separate dykes what are

really the branches and offshoots of one. Where two dykes are seen close together and
running in parallel courses, it is not always possible to say definitely whether they are
distinct, or would unite to form one, could they be traced for some distance. And there
can be no doubt whatever that this is merely a fraction of the total number in the
district. Far the most satisfactory exposures are those to be obtained by following a
bare and rocky shore which runs in a direction at right angles to their trend, such as,
for example, the west coast of the Mainland. Where the beach is low and covered
with gravel, a dyke may easily escape notice, or be quite concealed, even though the
occurrence of trap in loose blocksmay indicate its presence. And, in the inland districts,
it can only be a very small minority which meets the eye of the geologist. They are to
be found in quarries, in burns, on the shores of inland lochs, and very occasionally
they can be traced in a roadside or on the bare slopes of a hill. But in the cultivated
fields, or the low moors covered by peat or boulder clay, any number of dykes might
be so effectively concealed as to yield no evidence of their existence.

The rocks of which they consist are, as a rule, too soft and too readily decomposed
to enable them to form outstanding wall-like outcrops. Such, however, do'occasionally
occur, as at Netherton (near Stromness), Crowness (near Kirkwall), and in the north of
Birsay. They are usually denuded to the level of the surrounding flags, or lie even in
trenches formed by their rapid decay. It is very rare to find that any noticeable
feature of the scenery can be attributed to their presence. On the lofty cliffs of the
west coast they sometimes, by reason of their perfect jointing, give rise to a narrow
" geo" with parallel sides. On Rowe Head, near Skaill, the flagstone between two
parallel dykes has been tunnelled out by the sea, forming a natural arch, the Hole of
Rowe, the sides of which are lined in part by the trap dykes. Occasionally a dyke is
so resistant as to form the face of an exposed cliff, as, for example, at Skaill in Rousay.
In the inland streams their presence is commonly marked by small waterfalls, but at
Corrigal, in Harray, the burn flows in a deep, narrow trough, out of which a trap dyke
has been washed. The burn has evidently been turned out of its preglacial valley by
a dam of boulder clay, and has followed the outcrop of the trap dyke in cutting its
new course.

Sufficient is known, however, to prove that their distribution is far from uniform,
and that from some districts they are entirely, or almost entirely, absent; while in
others they are so numerous that several may occur in a distance of a few hundred
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yards. "Without doubt it is in the West Mainland that they principally occur. In the
splendid coast section which stretches from Breckness, near Strom n ess, to the Brough
of Birsay, there is not a mile in which one cannot be found, and in several places there
are three, four, or six to a mile. On the east coast of the West Mainland also, in Evie,
Bendall, and Firth, although here the shores are low and gravelly, dykes are known to
be present in considerable numbers. From the East Mainland, on the other hand,
specimens of only two have been collected. The town of Kirkwall seems to stand on
the boundary-line between the region of dykes and that from which dykes are almost
absent. Five dykes were observed immediately to the west of the town, while none
was seen for ten miles to the east of it.

Of the North Isles, Eousay is the only one which has yielded trap dykes; along the
western and southern shore" they are very frequent, and bear a great resemblance to
those of the West Mainland. From the other islands they are not yet recorded, and
although I have examined the whole shore of the principal islands, I failed to obtain
any, so that they at least cannot be numerous. Of the South Isles I. cannot speak with
the same certainty, but in South Ronaldshay several are known which present interesting
features of their own. While there cannot be any doubt that in the future many
additions will be made to the numbers recorded, yet it is probable that the main facts
of their distribution are already established.

Moreover, it is frequently to be observed that they tend to occur in groups, the
members of which are at no great distance from one another, and show a close resem¬
blance in petrological character. One such group, for example, includes those of South
Bonaldshay. The dykes of Rousay, Birsay, and Evie form a well-marked class, closely
similar to one another. Those also which are exposed in the coast section just north of
the Black Craig on the west coast of the Mainland have certain common features, which
at the same time are fairly distinctive. In the little bay at Binniaro, Firth, eight dykes
occur, which in some points are quite unlike any other Orkney dykes. Instances might
be multiplied, but sufficient has been adduced to show that a tendency exists for similar
dykes to be grouped within a short distance of one another. It seems quite certain
that this is not due to the branching and subdivision of one main dyke, though that is
admittedly of common occurrence. In that case the distance which separates the
branch dykes is never great, and they are inconstant, frequently uniting within a short
distance only to diverge again, so that their true nature is quite obvious. It seems
rather that the dykes of one group were all of the same, or about the same age, while
those of other groups were injected at a different period. The common magma from
which they all proceeded was one which from time to time underwent considerable
change, and the fact that each group has common petrographical characters which differ
from those of other groups would indicate that each series was the product of a separate
phase in the cycle of change through which the magma passed. As will be seen
later, there is evidence of another kind that certain of these dykes are of later origin
than others.
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This rule, however, is not without exceptions. Near the Bridge of Waithe two
dykes occur—one a bostonite, the most acid of the whole series; the other a biotite-
monchiquite or alnoite, one of the most basic. At Rennibuster, on the road from
Kirkwall to Stromness, camptonite dykes, rich in felspar, are associated with monchi-
quites, from which felspar is absent. In these cases, however, the trend is different,
and the association is merely fortuitous.

Breadth, Jointing, Contact Metamorphism, etc.— The breadth of the dykes
may be stated to be on an average 3 feet to 3 feet 6 inches. Dykes under
a foot are rare, except as lateral veins proceeding from a larger mass. On the
other hand, one of 7 feet may be considered large. The dyke of Borwick, near
Yeskenaby, is 9 feet; at Avalshay, Rousay, there is one of 10 feet, and the
broadest of all is one near the Spoord, on the west coast of Birsay, which
measures 12 feet from side to side. As usual in dykes, a series of transverse joints
divides the mass into horizontal angular prisms, and the jointing is commonly finer
and closer at the sides than in the centre. This is very well seen where the side of
the dyke is exposed on the face of a sea cliff. In the thicker dykes the jointing is
apt to be rude. Very often they weather in a spheroidal manner, exactly resembling
the diabases. This, as a whole, is most characteristic of the rather basic camptonites,
but it is far from universal. The general presence of fine-grained, chilled edges proves
that the flagstones at the time of injection were comparatively cold. Some of the
dykes, as will be later described, are remarkably coarsely porphyritic; but this is con¬
fined to the centre, the edges being fine grained, and, under the microscope, showing
traces of residual glassy material, even though they never have a vitreous appearance
to the naked eye. As remarked by Peach and Horne (III., p. 14), the dykes are often
vesicular, and the vesicles, which are filled with white calcite, tend to be central in
position. The flags adjacent to the dyke show usually a contact alteration, which
rarely extends to more than a few inches, and amounts only to induration with the
development of a closer texture and a splintery fracture. They frequently break
down under the hammer into small sharp-edged cubical fragments. Jameson (anted)
noted that where the flags contain much organic matter, bitumen may appear in the
vesicles.

Regularity of the Trend, Branching, etc.—In most cases the exposures are very
limited, and it is always to be observed that a dyke follows one of the two series of
usually very perfect joints by which the flags are cut. These must have been ante¬
cedent to the dykes, and furnished lines of weakness along which the flagstones opened
out. Wherever a dyke can be followed for more than a few yards, its course is found
to be not absolutely straight. It passes frequently from one joint to another by means
of a cross joint, then resumes its previous direction. This feature is so common that
instances need hardly be cited, but it is well seen in a dyke at the Brough of Birsay,
which runs parallel to the shore line, and can be traced in the rocky beach for about
400 yards, during which space it maintains its general direction with frequent tem-



THE TRAP DYKES OF THE ORKNEYS. 869

porary deviations. Instances of curvature are rare; one was observed by Professor
Heddle on the west coast, south of Skaill (at Borwick). " From a W. by N. it suddenly
curves round to a W.S.W., and as suddenly regains its original direction, exhibiting
thus a bold sigmoid feature" (V., p. 119). On Rowe Head, Skaill, there is a dyke well
exposed on the bare cliff top for about 200 yards. About 100 yards back from the
face of the cliff it forks into two branches—one of which maintains the original trend
of the dyke—a little S. of W. ; the other curves away and takes a nearly S.W. course.
These are the only instances of curvature which have come under my notice.
It is very common, on the other hand, to find a dyke branching into two or

more which run in parallel courses a few feet apart, a.nd may unite again in a short
space to form a single dyke. A fine example of this is to be seen below Widewall,
South Ronaldshay. A large dyke, seven feet broad, is exposed in the beach at the
mouth of the mill stream. It runs nearly parallel to the bank which overlooks the shore.
A few yards further south it is found to be much diminished in breadth, while lateral
dykes accompany it on each side. For about 400 yards it can be followed, and its
general direction is well maintained, though it frequently passes laterally for a few feet,
then resumes its former course. Sometimes there are three, at other times four or even
more parallel dykes, but it is to be noted that the sum of their respective breadths is
always equal to that of the original dyke where first seen; and under the microscope
they are all very similar in character. At the Oyce, Finstown, a dyke penetrates a bed
of contorted slickensided flagstones, in which the jointing is disturbed and irregular,
and in consequence it breaks up into a plexus of ramifying veins. The flag between
them is markedly indurated. On the west coast of Birsay, north of Skaill Bay, there
are several dykes, which, traced along their courses, are found to die out with a wedge-
shaped termination. In a parallel joint a few feet away a new dyke appears, beginning
in the same manner as the other ends, and increasing step by step as it diminishes. No-
connecting vein can be seen. There is no doubt that in these cases the dyke has passed
laterally along a bedding plane, and indeed this is a common feature of the exposures
seen in vertical cliffs.

In the course of my examination of the Orkney dykes, two points have impressed
me as particularly clear. One is that in every case they availed themselves of the
highly perfect joints by which the flags were intersected. It is very rare to find any
brecciation, and, except where the dykes branch, fragments of flagstone are never found
included in the intrusive rock. The other is that in no case has a dyke been seen to
pass laterally into a sheet or sill. This may be due to the ease with which the sedi¬
mentary masses opened along the joint planes, or possibly also to the pressure exerted
by a great thickness of superjacent rock, which has been swept away by denudation
since the time of injection.

The Trend of the Dykes.—Observations were made by means of a pocket compass of
the direction in which every dyke was running so far as exposed, or, in case of branching
or deviation, of the average course as near as could be judged; and although it is not
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pretended tliat high accuracy was attained, sufficient care was taken to establish the
following conclusion.

Of the camptonites, which form almost 90 per cent, of the whole, the average trend
is E. 25° N., and rarely do they differ from this by more than 10°. Their regularity in
this respect will be best seen from the tables appended. It has not proved possible to
break them up into groups, each with a characteristic direction. Their extreme range
is from E. 5° N. to E. 35° N., and two dykes within a hundred yards of one another
may differ by as much as 10°. If we neglect one or two instances in which the outcrop
is too limited to justify positive observations, or where in all probability it is a cross
vein and not the main dyke that is exposed to view, their uniformity in this respect is
so marked as to indicate with certainty that they are very closely allied in age and
origin. The single dyke of bostonite is distinguished by having the most easterly trend
of the whole series (east and west). On the other hand, the most basic dykes, the
biotite-monchiquites and alnoites, have a very distinct northerly trend—the dykes at
Quanterness N. 20° E., at the burn of Ireland N. 5° W., at Naversdale N. 20° W., the
average being almost a direct north and south. Finally, the monchiquites proper seem
to be connected with the camptonite series, with which they agree closely in direction,
having perhaps a slightly more northerly direction.

Sequence of the Different Types.—The main road from Kirkwall to Stromness, four
miles from the former town, crosses the mouths of two little burns which are flowing
into the Bay of Firth. The streams are about 100 yards apart, and the road runs here
along the sea shore; a little cottage stands just above the beach between the streams,
and nearer the east one. In the west burn, just beside the bridge which carries the
road across it, a large trap dyke is seen 6 feet 6 inches broad, which stands up boldly
and forms a little waterfall. It is running east 20° north, or almost parallel with the
Stromness road, and is a notable dyke, as the centre is coarsely porphyritie, with large
hornblende crystals up to an inch in length ; the edges are fine grained. It disappears
in the grassy bank of the stream, but if we pass eastward, cross the road, and examine
the sea beach below it, we find, a little further east, that two dykes appear in the beach
with the same course as the burn dyke, and respectively 4 feet and 2 feet 6 inches in
breadth. In character they exactly resemble the larger dyke in the burn, except that
they are not so coarsely porphyritic, and their united breadths are equal to that of the
burn dyke. It is clear that the burn dyke has swung northwards along a cross joint,
hidden by soil and road, and after crossing the road has resumed its previous direction,
but now as -two dykes running a few feet apart. These two shore dykes can be
traced in the gravelly beach till they disappear beneath the cottage. Here they must
still further!split up, for in the east burn, after passing the cottage, we see only a thin
dyke with the characteristic trend, but not over a foot in breadth. The other branches
are covered by gravel or boulder clay, and are not to be found. We have here, in
fact, a case exactly similar to that already described from Widewall, South Ronaldshay,
a single, rather large dyke, with the usual direction, which repeatedly branches into
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parallel dykes of smaller breadth, and deviates occasionally, from its straight course by
passing for a short distance along cross joints. The microscope shows that they are all
very similar, and belong to a peculiar group of the camptonites, with abundant,
felspar.

Now, in the beach, below high-water mark, and just north of the cottage which
stands between the burns, three other dykes are to be seen, 3 feet, 1 foot 6 inches,
and 2 feet wide, running nearly straight in parallel courses, but in a direction almost
at right angles to that of the camptonite dyke described (N. 20° E.). They are 6 feet
and 30 feet apart, but they are to be regarded as really one dyke, and belong to a very
basic type, the biotite-monchiquites or alnoites, and contain no felspar. They are
exposed for 40 or 50 yards, and, as we trace them southwards towards the little cottage,
the east dyke thins, and finally dies out in a small vein; the middle dyke twists a good
deal in its course, and approximates gradually to the west dyke, which is the most
constant of the three. The west and mid dykes are finally covered by the gravel of
the shore just behind the cottage. In the manner in which the east dyke dies out in
a thin vein, while the other dykes twist from side to side and send veinlets into the
chinks of the flags between them, which behind the house are filled with little
ramifying jets of trap, we have something so different from the usual straightforward
behaviour of the trap dykes as to prove that some peculiar obstruction lay in their
course. This must have been the camptonite dyke which runs beneath the cottage,
and which would necessarily bind the flagstones together and render irregular the series
of cracks into which the later dykes were injected. The actual junction is covered by
gravel and by the cottage, but there can be no doubt that we have here dykes of two
different series, running each with the characteristic trend of its group, and crossing-
one another, and that the more basic were later in origin.

From no other locality has evidence been obtained which would elucidate the
question of the succession in time of the different types. From the way in which the
monchiquites are interspersed among camptonite dykes, agreeing with them in trend
and in other characters, it seems, on the whole, most probable that they are of closely
allied origin and of very similar date. Like the alnoites, the bostonites have a dis¬
tinctive course, which would point to their having had a separate period of injection,
but nothing is to hand to show whether earlier or later than the others.

The Age of the DyTces.—It has been generally assumed that the trap dykes of the
Orkneys are outlying members of the great Tertiary series so well developed in many
parts of Scotland. That they are not basaltic does not disprove this, as, in the opinion
of Brogger (VI., p. 26) and others, the camptonites may be products of a basaltic
magma. On the other hand, there is no conclusive evidence to establish this opinion.
They cut the highest rocks of the Orcadian Old Bed Sandstone in the district, the red
sandstones of the John o' Groats series, near Newark Bay in Deerness. They are not
yet proved to be later than the Upper Old Bed Sandstone of Hoy; they are not
confined to the Orkneys, as, in a collection of rock sections from Shetland, kindly lent
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me by Mr Horne, of H.M. Geological Survey of Scotland, there is one of a much
decomposed camptonite dyke from Brenista Bay. Their great freshness, in many
cases, would point to a comparatively recent origin, for the igneous rocks of Old Bed
age are in every case much more decomposed (VII., p. 412). But, till we know more
of the distribution of these rocks in the north-east of Scotland, it will not be possible to
arrive at any definite conclusion as to the geological period in which they were formed.

That they are later than certain of the faults by which the flagstones are intersected
has been shown bj^ observations in two different localities. In the cliffs on the east
coast of Holm there is a narrow inlet, the " Long Geo," where the sea has eaten its
way inwards along the line of a fault. The " geo " runs east and west, and crossing it
obliquely, there is a small trap dyke, which is not brecciated or broken by the fault,
but, on the other hand, can be seen to twist out of its true course, and to split into
two branches, where it cuts the crushed fault rock. On the west shore of the Wart
Holm of Copinshay there is a beautiful monchiquite dyke, one side of which has been
exposed by the sea, and forms the surface of the cliff' for a short distance. It differs
from all the other dykes in being not vertical, but inclined at an angle of 60° (to the
vertical plane). Along the shore there runs a fault, as is shown by a crushed and
slickensided belt of flagstones, and this has proved a line of least resistance, which has
been taken advantage of by the dyke. Although all the flags are much disturbed and
twisted, the dyke shows no deformation whatever, and is undoubtedly of later origin
than the fault.

II. Petrographical Characters.

1. The Bostonites.

The only dyke of bostonite known to occur wflthin the area was found on Onston
Ness, a small promontory on the Loch of Stennis, just east of the Bridge of Waithe.
Its width is a little over two feet, and its colour is greenish-grey, and much paler
than is usual in the camptonites in the centre, but mixed with darker streaks; while
at the edges, for about two inches, the rock is finer grained and darker in colour. In
the hand specimen it shows neither porphyritic nor fluxion structure, and contains
occasional vesicles which are filled with calcite.

Sections were made of the edges and of both the lighter and darker varieties of the
centre. In the centre the rock is porphyritic, having large phenocrysts of anorthoclase
felspar simply twinned on the Carlsbad plan, and with a honeycombed appearance

indicating the former existence of glass enclosures (PI. I. fig. 2). These lie in a ground-
mass, rather coarse grained, of felspars mostly simply twinned, and almost isodiametric,
but without crystalline form. Among them are scattered long irregular sections of
plagioclase crystals. This groundmass is holocrystalline, and fluxion structure is not
apparent. Calcite and limonite in irregular patches are scattered about the section.
There is no trace of quartz or of undecomposed ferro-magnesi.an minerals. But pale
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green chlorite, mixed with calcite and limonite, is rather abundant, and fills up the inter¬
spaces between the felspars of the groundmass.

Specimens from nearer the margin contain felspar phenocrysts (partly of plagioclase)
in a groundmass of long lath-shaped felspars, for the most part plagioclase, though
simply twinned sections are frequent. The structure is trachytic and markedly fluidal
(PI. I. fig. l), the felspars of the groundmass having their long axes parallel and
winding in streams around the phenocrysts. Chlorite, with limonite and calcite, are
here more abundant, but the nature of the original component from which derived is
not determinable.

At the extreme margin the rock is finer grained, long narrow crystals, both
orthoclase and plagioclase, most of them with forked irregular terminations lying in a
groundmass still in some measure glassy, but filled with minute pointed felspar
microliths arranged in no definite order.

The difference between this rock and even the most felspathic of the camptonite
dykes is so marked as entirely to justify its recognition as the type of a'distinct group.
The predominance of felspar and abundance of orthoclase, the paucity of ferro-
magnesian ingredients, the pale colour and low specific gravity (2*653), all support this
view. In some of the sections the resemblance to the bostonites is very close, but in
others the abundance of plagioclase and of chlorite show that the rock is of a more basic
character than any bostonite with which I have been able to compare it. Needless to
say, the sections show no quartz. The presence of glassy material in the selvage is also
a feature not characteristic of bostonite dykes.

l. 2. 3. 4. 5.

Si02 5*2*00 62-28 63-25 67-16 56-50
Ti02 *98 0-85
A1203 18-06 19-17 22-12 14-53 18-14
Fe„oo 2*18 3-39 4-17 3-12
FeO 5T4 2-86
MnO •25

MgO 2-84 tr. 0-41 1-22
CaO 4-59 1-44 0-56 1-26 3-38
Na20 3-78 5-37 6-29 5-55 5-28
K20 4-68 5-93 5-92 6-10 1-60
h2o 1-84 2-33 0*93 1-10 1-26
PA . . .

co2 3-59 5-11

99-93 99-91 99-07 100-28 99-32

1. Onston Ness, Orkney.
2. Lake Champlain, U.S.A. (IX. p. 20).
3. M'Gill College, Montreal (cited from XIX. p. 211).
4. Chateaugay Lake, Clinton Co., N.Y., U.S.A. (cited from XIX. p. 211).
5. Maena,"Gran, Christiania (VIII. p. 207).
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Chemical analysis was made of a specimen from about six inches from the margin
so as to obtain as nearly as possible the average composition. It is given below No. 1,
and may be compared with the analyses of similar rocks appended.

It will be seen that with Nos. 2, 3, and 4, which are typical bostonites, the
affinities of the Onston dyke are by no means close. No. 5 is regarded by Professor
Brogger as the representative of a distinct group which he names the maenites or
lime-bostonites. The characteristics he insists on are the large percentage of lime and
the preponderance of soda over potash. In the latter respect the Onston dyke is far
more near the typical analyses 2, 3, and 4, as it shows a slight excess of potash.
Otherwise the two analyses agree pretty well; but in the Orkney dyke the high
percentage of iron, mostly in the ferrous condition, and of magnesia and water, and the
lower percentage of alumina, indicate a greater abundance of a chloritic mineral.

The Camptonite Dykes.
The dykes included in this series may be porphyritic or non-porphyritic, and vary

in coarseness of grain, having often fine chilled edges and a coarser centre. They
consist of olivine, augite, brown hornblende, and plagioclase felspar; the commonest
accessory minerals being magnetite, ilmenite, pyrite, apatite, biotite, and orthoclase.
Olivine is the commonest porphyritic ingredient; augite and brown hornblende occur
less frequently. The groundmass contains hornblende or augite, or most frequently
both of these, with plagioclase felspar, and sometimes orthoclase. The structure is
typically panidiomorphic, all the minerals having well-developed crystalline form. The
fresh rocks are black or very dark green, rarely showing fluxion structure, and usually
with lighter spots, due to the presence of calcite and " ocelli" of felspar. When
weathered they are green or rusty brown, and the tendency to spheroidal decomposition
is very marked.

The groundmass of the porphyritic dykes resembles in most respects, as regards
composition and structure, the usual type of non-porphyritic camptonite ; and the
variety exhibited by the j)orphyritic minerals gives greater interest to the study of the
dykes containing them. I shall select for detailed description the most important
dykes with porphyritic structure before considering the much commoner rocks in which
this structure is absent.

The Rennibuster Dykes.—The dyke already mentioned as crossing the west burn at
Bennibuster, four miles from Kirkwall, is a remarkably fresh and interesting camptonite.
It is 6 feet 6 inches wide, and at the edges finer grained for a few inches, but
showing in a compact groundmass crystals of olivine, augite, and hornblende, much
altered. Towards the centre it becomes coarser grained, and contains large phenocrysts
of hornblende, augite, and olivine. The hornblendes measure in some cases one inch in
length, and nearly half an inch in breadth, and are occasionally arranged in a parallel
manner, so as to indicate fluxion structure. The augite and olivine are not over a

quarter inch in diameter. The weathered material is dark green, the fresh rock is black.
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Prismatic jointing is well developed, and tlie flags for a few inches from the margin are
slightly baked and hardened.

Sections from the centre rarely contain the large phenoerysts of hornblende so
striking in the hand specimen, as their perfect cleavage renders them exceedingly
apt to be shattered in grinding. They do not appear to be idiomorphic, their outlines
being rounded and irregular. They are not markedly zonal, but have sometimes a
slightly darker border. Twinning is common, and the usual hornblende cleavage very
perfect. The only enclosures observed were calcite, apatite, and magnetite. Extinction
and pleochroism are the same as in the smaller crystals. That olivine was an original
ingredient is proved by the presence of pseudomorphs with the outlines of olivine in
specimens the augite of which is quite undecomposed. The serpentine is often covered
with a meshwork of magnetite, and mixed with more or less calcite. The augite pheno-
crysts are the most numerous (PI. I., fig. 3). They are of rather a pale greenish variety,
and perfectly idiomorphic, showing in the prism zone the faces 110, 100, 010, and
terminated apparently by 111 and 101. The prismatic cleavage is highly perfect, and
there are in addition numerous irregular cracks. The enclosures are apatite, magnetite,
olivine (altered into serpentine), calcite, and occasionally a minute patch of hornblende.
The crystals are sometimes twinned on 100. An extinction angle up to 43° was
measured. Between crossed nicols there is neither zonal nor hour-glass structure.
Decomposition begins at the edges and in the strongly marked cracks, and proceeds
gradually over the mineral, so that in early stages there is a perfectly fresh centre,
while an outer zone, "3 mm. or more in depth, is passing into deep green chlorite. The
increase of volume due to hydration produces a series of fissures perpendicular to the
surface of the crystal which make this border very evident. Its inner limits are usually
so sharp as to suggest that it is due to an outer layer of slightly different composition,
and more liable to alteration than the central mass ; and, indeed, where least altered,
this border appears to have a more brownish colour. In other sections the mineral is
entirely altered into a pale chlorite mixed with finely divided calcite, and covered with
a fine dust of magnetite, with anatase or rutile. Even in these pseudomorphs an outer
zone is clearly distinguishable from the central part. Magnetite is abundant in large
rounded masses, and in small sharply angular crystals disseminated through the other
minerals. Around the larger crystals there is usually a number of smaller grains,
radiately disposed, and mixed with biotite. Pyrite is rather common, and the presence
of ilmenite is indicated by occasional traces of alteration into leucoxene. Biotite in
small scales of deep brown colour and very intense pleoehroism is frequently adherent
to the iron oxides, and is found in small quantity scattered through the other minerals.
There are numerous long delicate pointed crystals of apatite.

The groundmass consists of augite, hornblende, and felspar. The augite is similar
in general character to the porphyritic crystals, but of smaller size, and not quite so
perfectly idiomorphic; it is only in small amount, and is commonly decomposed, while
the hornblende remains quite fresh. The hornblende forms almost one-half of the



876 MR JOHN S. FLETT ON

groundmass in long, narrow prisms of a rich brown colour. In cross-section it shows
the usual faces (110, 010), the prism faces being best developed. In longitudinal section
it is sometimes ten times as long as broad, and the ends are irregular or forked.
Twinning is common (on 100), and the only enclosures are apatite and magnetite. The
pleochroism is—q dark brown ; b, pale brown ; a, clear yellow—absorption ; c>b»a-
From the measurement of twinned crystals the angle t: c is about 10°. In all the
sections the hornblende is quite undecomposed. The felspar lies between the other
ingredients, and being evidently the last to crystallise, shows less perfect crystalline
form. Much of it is plagioclase, with both albite and pericline twinning, and often
zonal. The long, narrow crystals lie scattered in every direction ; around them is often
a considerable amount of simply twinned orthoclase, never with crystalline outlines,
and commonest in the areas richest in felspar. The plagioclase it surrounds shows
sharp idiomorphism towards the orthoclase, which has been the last mineral to develop.
According to the extinction of the twin lamellae, the plagioclase is principally a variety
between andesine and labradorite. Both minerals are quite fresh; they enclose grains
of magnetite and hornblende and apatite in long needledike crystals.

To prove the presence of orthoclase, several grammes of the rock were crushed and
sifted. The powder selected had an average diameter of inch. This was cast into a
Thoulet's solution of specific gravity 2'62. The grains which floated were removed and
introduced into a Sollas's diffusion column. The indicators used were pure adularia and
cordierite of specific gravity 2*59. None of the particles floated so high as the former,
and the great majority had a specific gravity of between 2"58 and 2'59. The felspar is
hence an anorthoclase. When removed, washed, and examined under the microscope,
they had all the characters of orthoclase felspar. The enclosures were apatite (sp. gr.,
3T6 to 3"22) and possibly needles of hornblende.

In structure the rock is panidiomorphic, all the constituents, except orthoclase,
showing sharp crystalline outlines; it is holocrystalline, no trace of glassy base being
present. The arrangement of the groundmass is mostly perfectly irregular. Around
the olivine phenocrysts the later hornblendes are often grouped with their axes parallel
to the crystal faces, a rough approach to ocellar structure ; and in places there are pale
spots rich in felspar, which may be 3 or 4 mm. in diameter. The long plagioclases
converge towards the centre. Between them is orthoclase and a little hornblende in
long radiating prisms; a cavity filled with calcite occupies the centre, and into it the
sharp points of the surrounding crystals project, showing that it is really of miarolitic
origin. (See PI. I. fig. 3.)

The dykes in the shore and in the east burn are neither so fresh nor so coarse-grained
as the centre of the large dyke described, but they are practically identical with it in
composition and in structure. As we approach their edges, all the dykes become finer-
grained, but retain the panidiomorphic structure. There is no trace of a glassy selvage.
Olivine and augite are the phenocrysts; hornblende does not seem to have formed in
the first generation; hornblende and plagioclase form the groundmass; there is little
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evidence of augite. The ferro-magnesian minerals are much altered, the products being
chlorite, calcite, and much anatase. An occasional cluster of epiclote and a few grains
of sphene are to be found. Magnetite in skeleton networks, ilmenite weathering into
leucoxene, and pyrite in large cubes are abundant in some of the slides.

The order of crystallisation appears to have been as follows:—Pyrite, magnetite,
and ilmenite; apatite ; olivine ; augite ; biotite and hornblende ; and in the groundmass,
augite ; hornblende ; plagioclase ; orthoclase.

The Dyke from Scabra Head, Rousay.—The presence of large phenocrysts, such as
occur in the Eennibuster dyke, is not exactly a common feature of the Orkney camp-
tonites ; it occurs in all in about a dozen. These are usually 5 feet or more in breadth,
but several of the broadest dykes show ho porphyritic crystals. On the very summit of
Scabra Head, Rousay, there is one which resembles in many respects that of Renni-
buster. It is 6 feet broad, and of several dykes in this region it is the broadest, and
the only one with porphyritic structure. The edges are fine-grained, but in the central
part the dyke is not homogeneous, fine-grained bands alternating with others which are
porphyritic. This is perhaps due to enclosures of blocks of sandstone, a few of which
are to be seen slightly indurated, and in contact with them the dyke shows a chilled
edge. Some of the veins which run in the joints of the flags have a compact edge and
a porphyritic centre, though not over 3 inches in total breadth.

The minerals of the first generation are pyrite in large crystals, magnetite, and
apatite ; olivine in small quantity and entirely altered into serpentine ; biotite in scattered
scales; augite and hornblende (PI. I. fig. 4). The augite is perfectly idiomorphic, and
this dyke is probably the source of the crystal figured by Heddle, showing the faces
(110, 100, 010, 111, 10T), as I saw similar mystals in the weathered material on the
surface. It encloses olivine, apatite, magnetite, and pyrite. Most of it has a distinctly
violet tinge and a slight pleochroism, otherwise it resembles that of Rennibuster. In
some of the crystals scattered flakes of hornblende occur, and they have all the same
extinction, though few and far apart, being evidently in parallel growth with the augite
which surrounds them. There is in many cases a narrow marginal zone of paler colour
and slightly different extinction from the central area of the crystal. The hornblende
crystals are smaller, but probably more numerous than at Rennibuster, and are more

frequently preserved in the sections. Some are almost without cleavage. It is almost
quite icliomorphic, in ciystals not very elongated. Zonal structure is very common ;
mostly the centre is of a darker colour than the margin, but there may be several zones
of alternately lighter and darker shade. The various zones have parallel outlines ; it
encloses apatite, magnetite, pyrite, and sometimes partly envelops an augite. Pleo¬
chroism and absorption resemble those described for Rennibuster, but the colours are
more reddish and the absorption more intense, especially in the interior, where fr and t
are sometimes dark greenish-brown, a pale brown.

The groundmass is similar in structure to that of the Rennibuster dyke as regards
panidiomorphism and irregular arrangement of the ingredients ; but the white felspathic
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spots are few; the grain is finer (the hornblendes averaging "03 mm. in breadth) ; and
augite, which is not very abundant in the former rock, is practically absent here, even
■where the material is fresh enough to ensure its identification if present. There is
apparently no orthoclase. This rock is a typical camptonite in the sense in which the
term is used by some authors.

The Dyke at Stromness.—Just outside Stromness harbour, on the isthmus which
connects the Holms with the Mainland at low water, there is a porphyritic camptonite
dyke which differs from these two in some important respects. The phenocrysts are
olivine (serpentinised) and augite, very similar to that of Bennibuster. It is of a pale
violet colour, sometimes rather greenish, and has a narrow marginal zone of a slightly
darker tint. Flakes of hornblende in parallel growth are scattered through the augite.
There are no hornblende phenocrysts. Magnetite occurs in rather large areas, fringed
with biotite scales (PL I. fig. 5).

The grouudmass contains augite and hornblende in about equal amount, in crystals
of good crystalline form, and not more than four or five times as long as broad. On the
surface of the olivine little hornblendes a,re planted in ocellar fashion. The augite and
hornblende are often in parallel growth. Augite forms the centre, hornblende the
periphery, or each may form one side of a crystal, and give its outlines to that part it
constitutes. Prisms, also, are common, of which the ends are hornblende, while the
centre is augite. Together they form one-half of the groundmass. The rest is felspar
in long, narrow prisms, often aggregated to form radiate white spots with a central
area of calcite.

North Galton.—Another porphyritic dyke of great interest occurs at North Galton,
Sandwick (PI. I. fig. 6). The phenocrysts are olivine (entirely altered into serpentine,
magnetite, and calcite) and augite of a brownish-violet tint, like the titaniferous augites
of many basalts, and with a marked dispersion of the axes. As usual, it is perfectly idio-
morphic, and encloses flakes of brown hornblende in parallel growth. At the margins the
grounclmass is that typical of the camptonites, consisting of hornblende and augite in
about equal proportions, the augite brownish-violet, the hornblende reddish-brown.
Both are frequently twinned, and parallel growths are exceedingly common. Here also
the augite is internal, central, or lateral; the hornblende external, peripheral, and
sometimes terminal. The augite was evidently the first of the two minerals to finish
crystallising. Plagioclase felspar forms the other half of the groundmass in long, narrow
prisms, while felspathic spots of radiating crystals are numerous.

In the centre of the dyke we have quite a different structure (PI. I. fig. 6). The
groundmass is much coarser; it contains felspar, partly in long, narrow polysynthetic
crystals, partly in large, broader, simply twinned crystals. It is unusually abundant
in this rock, and the only other mineral of the second generation is brown hornblende.
Both minerals are partly idiomorphic, the hornblende much less so than usual. Around
the augite phenocrysts lath-shaped plagioclases are arranged parallel to the crystal
faces, and the interstices between them are filled up by hornblende, which is entirely
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moulded upon felspar. The structure is intersertal. In other parts of the section the
hornblende has more continuity, and is less penetrated by felspar, but it is everywhere
less idiomorphic than usual, and obviously later than felspar, around which it is very
commonly deposited. This is a reversal of the normal sequence in these dykes, and
indicates a transition to the diabases and proterobases. There is no second generation
of. augite in the slides. It is noteworthy that the usual deposit of hornblende on the
surface of the phenocrysts does not appear, being replaced by plagioclase felspar. The
sequence of crystallisation must have been magnetite, ilmenite, apatite, olivine, biotite,
augite, with a little hornblende in parallel growth; then plagioclase, and finally
plagioclase and hornblende.

The South Ronaldshay Dykes.—In South Ronaldshay occurs a group of dykes, in
many ways the most remarkable of any of the camptonite dykes of the Orkneys.
These include that already described as running in the shore at Widewall, and breaking
up by repeated branching into parallel dykes. The two others are in Hoxa, a few
hundred yards to the west of the landing-place. These dykes are all comparatively
broad (5 feet to 7 feet), and carry large crystals of hornblende, augite, and olivine ;
they are more basic than the general type of the camptonites; some of them, in fact,
contain so little felspar and so much glassy base as to pass gradually into monchiquites.
I have retained them, however, in this class, as they form a natural group, closely
connected, and their general facies is that of camptonites with little felspar.

They all contain olivine in phenocrysts, usually decomposed, but in sections taken
from the east dyke of Hoxa, one foot from the edge, it occurs in crystals almost
quite fresh, and showing serpentine only along the borders and cracks. Augite
and hornblende are present in crystals up to one-half inch in length in the west
dyke on Hoxa; in the east dyke and at Widewall they are smaller, but numerous.
The augite phenocrysts resemble those described in the Stromness and Rennibuster
dykes in most respects. Like them, they contain flakes of brown hornblende in parallel
growth, and have commonly a margin of a darker brown. Zonal structure is very
marked, and some of the crystals contain a nucleus of a bright green colour, which
seems to have suffered from corrosion, being only partly idiomorphic. This augite is
slightly dichroic in shades of yellow, green, and darker green; it has a smaller
extinction angle than the brownish augite which surrounds it. In one section the
nucleus extinguished at 31°, the periphery at 44°. The central augite has also a greater
axial angle, and apparently a weaker dispersion. The hornblende is in large, short,
stout crystals, with evident traces of corrosion, and distinctly zonal. A darker margin
surrounds a paler centre, but there may be five or six zones of varying shades of brown.
As a rule, these are strictly parallel to one another. In pleochroism and other characters
they resemble the hornblende in the dyke on Scabra Head (PI. II. fig. 3).

The majority of the phenocrysts are of a more complicated structure, and consist of
several zones of different composition succeeding one another in a definite order. In
the centre of the crystal we may have a rounded remnant of the green augite above
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described, which is apparently one of the earliest minerals to crystallise out, as it
occurs only enclosed in brown augite or in hornblende. It encloses glass cavities, with
an immobile bubble, magnetite in small octahedra, and apatite. Olivine accompanies
it, apparently formed at the same period.

The innermost and oldest hornblende is of a deep brown or dark greenish-brown colour,
with a pleoehroism c, deep greenish-brown ; b, dark brown; a, pale brown. The
absorption for all the rays is more intense than usual. This is in part due to the great
amount of magnetite in very minute grains which are scattered throughout the mineral,
though not quite equally distributed. In some places they make it almost opaque.
They lie parallel to the prism faces, and as they run in streaks following the cleavage,
they give the sections a laminated appearance resembling diallage (PI. II. figs. 2 and 6).
Higher magnification shows, however, that this is not cleavage, as in the thinnest
sections they are not sharply defined lines, but broadish bands along which magnetite
in rounded grains has been deposited, while in the centre of the bauds a cleavage crack
may occasionally be found. The enclosures found in this form of hornblende are apatite,
magnetite, occasional glass cavities, and bright green augite and olivine. It has usually
the form of a highly corroded remnant of very irregular outlines, into which tongue-
shaped intrusions have penetrated from every side (PI. II. figs. 4 and 6). It may indeed
resemble a spongy mass of hornblende, the interstices of which have been filled up by
later products of crystallisation. This hornblende is found only in the rocks which
contain large porphyritic mystals, and in them only as a central nucleus. Still such
remnants may be of considerable size, measuring over ^ inch in diameter.

Around this is commonly found a thin zone of brown hornblende, clear and less
green in colour. It is usually free from enclosures, except scattered grains of magnetite.
Its external outlines follow those of the mass it surrounds, and it is never more than *01
mm. in breadth (PI. II. fig. 4).

The third zone in these complex crystals covers the two described, or, when they are
absent, forms the nucleus itself. It has always a dark appearance, owing to the abun¬
dant grains of magnetite it encloses. These are of larger size than in the central mass,
where they are mere dust. It consists of an intergrowth of pale violet augite, with dark
hornblende, usually in about equal proportions, though often the hornblende predomin¬
ates. In polarised light the clearer colours of the augite, owing to its smaller absorption,
distinguish it at once, and all the augite granules extinguish in the same position, while
the scattered patches of hornblende are also in optical continuity, and are moreover in
parallel growth with the central hornblende on which they were deposited. The struc¬
ture is similar to that of the granophyres, where the graphic quartz and felspar of the
groundmass are in optical continuity with the phenocrysts. Whether this graphic
intergrowth does not enclose a certain number of glass cavities is not easy to establish
with certainty (PI. II. figs. 1-6).

The external zone varies in character. It may be brown hornblende, comparatively
pure, and sometimes showing zones of varying tint. It may be brown augite of the
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usual variety. In either case the result is the completion of the crystalline form, which is
that of the external mineral, and is often perfectly sharp and well preserved. But more
usually this zone is composed of both minerals in parallel growth, each forming part of the
external rim, and lending its form to the part it constitutes. The augite often forms the
lateral faces, the hornblende the terminal ones (PI. II. fig. 2). But their relative position
and amount follow no fixed rule. At one end there may be augite, at another hornblende,
or hornblende may be the earlier and form the inner, part, while a mere film of augite
surrounds it, thickest at the corners over the prism faces and thinnest on the pinakoids,
and giving the whole the octagonal transverse section of pyroxene. Between crossed
nicols it is easily seen that the marginal augite is in optical continuity with the
scattered patches in the graphic augite-hornblende intergrowth in the zone within; and
that it is in parallel growth with the hornblende is shown by the disposition of the
cleavages, and the simultaneous extinction of both minerals in certain sections, those,
namely, which are parallel to the ortho-diagonal. The pinakoidal faces of both minerals
are parallel to one another. The relation of their terminal planes could not be made out,
owing to the fact that where these crystalline faces of one mineral are perfect, those of
the other are deficient. The crystals are frequently twinned, and the twin plane passes

straight through both minerals (see PI. II. figs. 1, 2, 3, 4, 5, and description, p. 904).
This is the commonest, and at the same time the most highly developed and com¬

plex type of structure, but many sections are found in which all these zones are not
present. The centre may be an augite-hornblende intergrowth ; the periphery ordinary
hornblende or augite ; or on a nucleus of greenish-brown laminated hornblende, a border
of ordinary hornblende may have formed. There is, in fact, a very great variety of
combinations. But the order of succession is invariably that given, and is never
reversed, although certain of the zones may be wanting. The dark brown hornblende
full of minute magnetite dust is never any but the innermost zone, and never occurs
without another zone of whatever sort surrounding it. Neither does the graphic inter¬
growth of hornblende and augite form the external surface in any case. The absence
of certain elements may perhaps be explained as clue to the section having missed that
part of the crystal which they constitute, and this is most probable when the central
zones are apparently absent. It is obvious that these structures are the result of a

complex series of periods of alternate crystal growth and destruction by. corrosion.
Whether the augite-hornblende intergrowth is a direct formation or a resorption product
it is not easy to establish. It has rarely external crystalline outlines, and it is filled
with magnetite sometimes to such an extent as to be almost opaque, and in these respects
it recalls many instances of the complete or partial destruction of hornblende and substitu¬
tion of augite and magnetite. But this does not explain the graphic structure, and it
seems more probable that this zone has originated by direct crystallisation from the
magma. Its external outlines may be those characteristic of augite or of hornblende,
but more usually are rounded or irregular.

In the west dyke of Hoxa these complex phenocrysts are largest and most numerous.
VOL. XXXIX. PART IV. hvO. 33). 6 IJ
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The groundmass consists of brown hornblende, brownish-violet augite, plagioclase felspar,
and glassy base. The hornblende preponderates, and is commonly in parallel growth
with the augite, and both have sharp crystalline form. The felspar in irregular masses
fills up the interspaces. The glassy base is not abundant, is turbid with decomposition
products, and filled with colourless, ramifying microliths, which appear to be felspar.
Its presence indicates that the rock is a transition to the monchiquites, where such a
material is a constant constituent. Rounded pale ocelli, consisting of felspar prisms
mixed with a little hornblende and much glassy matter, are scattered through the
slides (PI. II., fig. 4).

The other dykes contain the same minerals, though the phenocrysts are smaller,
and the groundmass richer in felspar. Towards the edges of the dykes there is a
tendency to the development of much glassy material, which, with the absence of felspar-,
makes the sections very similar to those of some monehiquites.

In all the South Ronaldshay dykes, but particularly in the west dyke of Hoxa,
sections of a colourless isotropic mineral, clear, transparent, without regular cleavage
or trace of crystalline form, are to be observed. It rarely shows any double refraction,
and agrees in all its characters with analcite. The manner of its occurrence is
pretty varied. It is abundant in the pale ocelli, mixed with felspar ancl pale, turbid,
decomposed glass. There it is usually central, but appears in the ocellus itself, and not
in the miarolitic cavity, -which is occupied by calcite. It is surrounded by the glassy
base, and merges into it gradually on every side. It is apparently formed by the
decomposition and hydration of areas of a glass, which, as Pirsson has shown (XI.),
has a close resemblance in chemical composition to analcite. In scattered spots in the
groundmass it is also seen, and is here of similar origin. The tendency of the still
liquid magma to aggregate into globules after the crystallisation of the hornblende and
augite of the groundmass which has given rise to ocelli, has produced also smaller
rounded patches of glass, mixed with a little felspar at the edges, which readily change
to analcite. Within the larger phenocrysts, and especially the honeycombed, corroded,
nuclei of hornblende, analcite is abundant, occupying sac-shaped cavities. In many
cases, around it are a few felspathic needles, lying in a little turbid glass with
hornblende in parallel growth with the enclosing crystal, and it may be a little
magnetite. These are, in fact, glass cavities decomposed and reconstituted into
analcite. At the periphery, the hornblende and magnetite have crystallised out with
a little felspar, leaving in the centre an area of glass. In other cases, the cavity is
apparently entirely filled with analcite, or analcite mixed with calcite, which may
surround it or be enclosed in it, or each may occupy one side. Similarly, a rounded
patch of analcite may lie in the groundmass, and may exactly resemble a corroded
phenocryst. Out of a large number of sections the best example of this is photo¬
graphed in fig. 3, PI. II. In view of the suggestion made by Lindgren (XII.), and
adopted by Cross (XIII.) and Pirsson (XI.), that analcite may be a primary por-

phyritic ingredient in rocks allied to these, I have given special attention to these
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crystals. I find no evidence of tfieir primary origin. In that case the period of their
crystallisation would have been utterly indeterminate. It must have been one of the
earliest, one of the intermediate, and probably also the very last mineral to crystallise.
It has never traces of idiomorphism, or of that expansive crystalline force of which
Cross finds evidence (XIII. p. 686). Its constant association with calcite is practically
decisive as regards its origin in this particular rock.

Another suggestion offers itself, viz., that the" apparent phenocrysts may have
resulted from the decomposition of some such mineral as nepheline. In fact, out of
over thirty sections, two show each one crystal partly enclosed in porphyritic hornblende,
and corroded where surrounded by the groundmass. The only mineral these resemble
is nepheline, but in view of the chemical composition of the rock it is difficult to see
how it could have been produced. It may be recalled, also, that the very early
phenocrysts of augite resemble aegirine augite very closely. What this mineral is I
have been unable to decide with certainty.

General Features of the other (Jamptonite Dylces.

Of the greater number of the camptonite dykes scattered so abundantly over the
West Mainland and Rousay, little remains to be said. They resemble in most respects
the groundmass of those already described. Most of them show in section phenocrysts
of olivine, less commonly of augite, and of hornblende only very seldom. The
groundmass is panidiomorphic and holocrystalline, consisting of augite and hornblende
in very variable relative proportions, and usually intergrown, the hornblende surround¬
ing the augite or forming the terminations of the crystals. Felspar is never absent,
and may form quite one-half of the rock. It is mostly plagioclase, which stands as a
whole between andesine and labradorite, though orthoclase would seem to be present in
small amount in many dykes. It surrounds the plagioclase, or forms a sort of
interstitial substance without crystalline form. Often the long plagioclase felspars are

grouped in radiating fan-like aggregates, spreading out from a common axis. Except
in rocks which approach the monchiquites, traces of a glassy base are absent. The
felspars are usually filled with hair-like apatites. They are often greenish, and may be
in part actinolite, as suggested by Brogger (YIIT. p. 50).

Most of the rocks contain pale rounded felspathic ocelli. These consist of radiating
plagioclase crystals, mixed with long narrow hornblendes. Even when augite occurs in
the groundmass elsewhere, it is absent from the ocelli. In the Hoxa dykes the felspars
are separated by much glassy material. Orthoclase may be comparatively abundant,
though not obvious in other parts of the rock, and is found chiefly in the interior. In
the centre there is always an irregular mass of calcite, filling what appears to have been
a miarolitic cavity. These ocelli consist, in fact, of the last minerals to crystallise, and
are due to the accumulation of globules of the still liquid magma at a late period in
consolidation. Crystallisation has proceeded from margin to centre, leaving a cavity to
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be subsequently filled by matter infiltrated from the surrounding rocks, which are
highly calcareous.

The large dykes tend to be coarse grained in the centre, where all the ingredients
have a short broad form. At the margin, on the other hand, both felspars and ferro-
magnesian minerals become very long and narrow, and the rock is very fine grained.
The presence of glassy material in the chilled edge of the dykes is very unusual in the
camptonites. Occasionally steam cavities of rounded form are to be noted. They are
filled in with chlorite and calcite.

All states of preservation are to be found. Some dykes are so fresh that all the
minerals except olivine are practically unchanged. Others, again, have decomposed
into a rusty-brown earth, enclosing rounded nodules of less altered material, from which
microscopic sections can hardly be prepared. The augite is far more susceptible to
weathering than the hornblende, while the biotite, which is probably never entirely
absent, though never abundant, is so resistant as to be particularly conspicuous in the
more advanced stages of decay. Olivine passes into serpentine and magnetite, and
later into calcite and limonite. The augite yields a deep green mineral, which is often
chlorite, dusted over with innumerable grains of anatase. The resulting pseudomorph
is fibrous, with the fibres parallel to the long axis of the section, and a straight, or
nearly straight extinction. The polarisation colours are not uncommonly too high for
chlorite, and I suspect that uralite is a very frequent product, especially of the
pyroxene of the groundmass, but chloritisation is the usual change in the phenocrysts.
Hornblende and biotite pass into chlorite with abundant anatase ancl occasional rutile.
Kaolin and calcite result from the decay of the felspars, and in the more altered rocks
rich yellow epidote is often to be seen. That the iron ores are usually titaniferous is
evident from the abundance of leucoxene. Calcite is everywhere present, and increases
greatly in amount as decomposition advances.

A peculiar secondary amphibole is found in one or two dykes near Outshore Point
in Birsay. The sections show primary hornblende of a deep brown colour in large
irregular phenocrysts, with numerous cracks, now filled with calcite and chlorite. It
resembles that of the dykes previously described {e.g., Scabra Head), and its extinction
angle is about 15°. Though much cracked and infiltrated with secondary products, it
is mostly quite fresh, but on the outer surface, and lining the fissures, there are
occasional spots of a deep blue hornblende. This has a very pronounced cleavage, and
may indeed be said to be fibrous. The two minerals are in parallel growth. In one
section, which must be nearly parallel to the clinopinakoid, the brown hornblend'e
extinguishes at an obliquity of 15°, the other at 7° on the opposite side of the traces of
the prismatic cleavage, and the axis of elasticity most nearly parallel to the prism axis
is that of greatest elasticity. The pleochroism is intense.
t = pale yellow-green, fr = pale bluish-green, a = deep blue ; absorption,—a>b>r.
This is, in fact, a secondary mineral of the Riebeckite group, very similar to

that which was thoroughly investigated by Cross (X.) in a rock which has much in
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common with the camptonites. Here, however, it does not surround augite, nor does
it form those frayed-out fringes which he describes.

Classification of the Camptonites.—Rosenbusch (XV., vol. ii. p. 540) has proposed to
subdivide this series of rocks, according to the porphyritic minerals they contain, into
hornblende-camptonites with olivine, augite, and hornblende ; biotite-camptonites with
olivine, augite, and biotite; biotite-hornblende-camptonites with olivine, augite, biotite,
and hornblende; but, if applied to the Orkney dykes, this would result in a very
artificial grouping. Many of them contain no phenocrysts, except occasional olivine.
Others contain only olivine and augite. Biotite is very wide-spread, and perhaps universal,
but in such small amount, and always so inconspicuous, as to be best regarded as an
accessory. In the groundmass both hornblende and augite usually occur, but in a few
slides, which are perfectly fresh, only hornblende is to be seen. The same rock may
contain both minerals in the groundmass at the edges, while only hornblende is present
at the centre (e.g., Galton).

In the literature of this group many descriptions are given of rocks which contain
only hornblende in the groundmass, mixed with green chlorite, which is regarded as
secondary after hornblende. I very much doubt whether this is always the case. The
augite decomposes so much more readily than the amphibole, that it may be quite
decomposed while the other is fresh, and, owing to the frequent parallel growths, the
outlines may be those of hornblende, and the crystal appear to be a hornblende, which
at one part has weathered into chlorite. In many such cases sections of fresher material
from the same dyke have shown the presence of augite, and, after a careful study, the
conviction has been forced upon me that it is only very rarely it can be concluded that
augite is entirely absent from the groundmass. To subdivide the rocks into camp¬
tonites with hornblende and plagioclase in the groundmass, and augite-camptonites which
contain augite in addition, would lead us in some dykes to give different specific names
to the central and marginal parts of the same mass. These two minerals, in fact, are
so closely related, both as phenocrysts and as constituents of the groundmass, that in
the Orkney dykes such a subdivision would be highly unnatural.

What might be called a pure augite-camptonite, were the term not already employed
in a different signification, is shown in a section from a loose block of trap I picked up on
the beach a little to the south of Burness, Firth. The original dyke must be concealed
by the gravel of the shore. The section shows phenocrysts only of olivine altered into
serpentine, and consists of a very pale violet augite, quite idiomorphic, in short
stout prisms, which are often in radiating groups and perfectly fresh. Magnetite,
ilmenite, and scales of biotite are scattered through the slide. There is no hornblende.
Plagioclase felspar in well-formed crystals occupies the spaces between the augites, and
forms occasional ocelli, with calcite in the centre. The structure is that of the camp¬
tonites, but their most characteristic mineral, brown hornblende, is quite absent. The
general appearance of the slide will be seen from the photograph (PL III. fig. 1).

In the Bay of Binniaro, a little south of the locality just mentioned, occurs a group
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of dykes, wliick in some points are quite different from any others in the Orkneys.
The most interesting is that just below the house of Binniaro. It is porphyritic, and
the only Orkney camptonite to show phenocrysts of felspar. These are numerous, well
shaped, free from inclusions, and belong to a labradorite of average composition. They
show albite and pericline twinning, and are tabular on the brachypinakoid. The other
crystals of the first generation are olivine, altered into serpentine, and augite, of a pale
greenish variety, in idiomorphic crystals, aggregated into nodular groups and decom¬
posing into chlorite. It has an extinction angle of 43°. The groundmass consists of
felspar (labradorite of a rather acid kind) and augite largely chloritised, and is filled with
skeleton growths of magnetite. The felspar is "05 to "01 mm. in section, and up to
5 mm. in length. The crystals lie scattered irregularly through the slide; their form
is sharp and perfect. Between them lies the augite in grains of irregular form, mostly
altered into chlorite, and evidently later than the felspar in crystallisation. The struc¬
ture hence is intersertal, and the rock approaches closely to the diabases. The associa¬
tion of diabase with camptonite is too well known to call for any remark. The usual
sequence of crystallisation in the groundmass is, in this instance, reversed (see photo¬
graph No. 2, PI. III.).

The dykes associated with this one are intermediate in character between it and
the normal camptonites. The nearest one is a fairly typical camptonite, rather rich
in augite, but with brown hornblende in smaller quantity, and panidiomorphic in
structure. Their chilled edges have more resemblance to diabase, being fine grained, full of
magnetite skeletons, and consist of small lath-shaped idiomorphic felspar, with chloritised
augite between.

Chemical Analyses of the Camptonites.

The dykes selected for analysis were
1. The dyke at Rennibuster.
2. A dyke from the Wart of Skaill, Sandwick; very typical of the West Mainland

dykes, with phenocrysts of decomposed olivine and a grounclmass of augite,
hornblende, and plagioclase.

3. The west dyke at Hoxa.
4. The dyke approaching diabase at Binniaro Firth.

With them a series of typical selected analyses is given for comparison.
5. Camptonite, Maena, Gran (Brogger, VI., p. 26).
6. Camptonite, Egge (Brogger, VI., p. 26).
7. Camptonite, Campton Falls (cited from XIX., p. 235).
8. Camptonite, Montreal (cited from XIX., p. 235).

It is to be noted that in 1 and 2 the alumina carries a considerable amount of
titanic acid, which was not estimated. Another feature of the analyses is the high
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percentage of potash, in 1 and 2, where it preponderates over soda. This is partly due
to the composition of the hornblende (see analyses, p. 892), but indicates also the
presence of a small amount of orthoclase. The high percentage of iron oxides, and the
high specific gravity, are due to abundant magnetite, pyrite, and ilmenite, as well as to
the hornblende and augite. No. 3 shows a transition to the monchiquites in the lower
silica and alumina, the higher magnesia, and the relative amounts of the alkalies; but
in the titanic acid, and the large amount of iron oxides, it belongs to the camptonites.
This is owing to the abundance of hornblende, magnetite, and ilmenite. In No. 4 the
alumina is rather low, the iron oxides rather high, a feature of the camptonites, but
otherwise it approaches very closely to many olivine diabases. The alkalies are in less
quantity than in the camptonites, particularly the potash, and in this respect, and also
in their relative proportion, this rock is of a more normal type. To this is to be
ascribed the absence of the peculiar brown hornblende.

ANALYSES OF CAMPTONITES.

1. 2_ 3. 4. 5. 6. 7. 8.

Si02 41-99 42-13 39-13 45-96 40-60 42-05 41-94 40-95

Ti02 4-02 4-20 5-60 4-15 3-39

A12°3 17-58 16-31 11-38 12-68 12-55 12-30 15-36 16-45
FeO 8-33 7-93 8-13 7-94 9-52 9-52 9-89

Fe203 6-17 6-43 7-33 7-63 5-47 3-81 3-27 13-47
MnO 0-29 •50 •42 ■61 0-25 0-33

MgO 8-03 7-37 8-64 8-25 8-96 4-83 5-01 6-10
CaO 8-53 9-62 11-77 8-36 10-80 11-55 9-47 10-53

K30 2-81 2-48 1-93 •98 1-19 1-11 0-19 1-28
Na.,0 2-12 2-27 2-47 1-88 2-54 2-18 5-15 4-00

C02 1-80 2-12 2-41 2-43 2-68 2-68 2-47
PA . . . 0-29
h2o 2-99 3 16 2-87 4-10 2-28 2-88 3-29 3-84

100-64 100-32 100-50 100-78 100-79 98-51 100-44 100-63
Sp. Gr. 3-01 2-98 3-07 2-96 2-927

The Monchiquite Dykes.

Compared with the camptonites, the monchiquites are few in number, but they are
of general distribution, and occur in all the principal areas, with the exception of the
west coast of the Mainland.

A typical monchiquite forms a small dyke in the shore of the Peerie Sea, Kirkwall,
below the mouth of a spring which issues from the fields of Grainbank. It is a fine¬
grained dark green rock, with few spots of calcite. Under the microscope (PL III. fig. 3)
it shows olivine in sharply idiomorphic crystals, altered into serpentine; these contain
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magnetite in tine grains ancl little brown octrahedra of chromite or perofskite. Augite
phenocrysts are few and small, but it forms most of the groundmass in small crystals five
or six times as long as broad, and averaging "02 mm. in breadth. It is brownish-violet,
very feebly dichroic, with rather perfect idiomorphism, occasional twinning, and frequent
hour-glass structure. It lies scattered irregularly through the' field, and grouped on the
faces of the olivines. Hornblende is practically absent, but a deep brown biotite is
present in small amount. It is hexagonal in transverse section, with sometimes a
darker rim and a pale centre, far more dichroic than hornblende (the a ray'being
nearly colourless), and usually adherent to the iron ores and the olivine. In convergent
light it is very nearly uniaxial. The rock is very fresh, but there is a little calcite and
chlorite. Between the minerals of the groundmass there is a very small quantity of a
transparent, colourless, almost isotropic groundmass, slightly turbid, and showing the
weakest irregular double refraction. It is moulded on the other minerals, and has no
definite outlines; the other ingredients are apatite and magnetite. Here and there
occur small ocelli, with calcite in the centre, surrounded by a little felspar and a prism
or two of hornblende.

The more northerly of two dykes at the house of Skaill, Rousay, on the shores of
Eynhallow Sound, is almost exactly similar to this rock.

The Dykes of Tingwall (Rendall), of Quoynamuckle (Rendall), and of Kongie Geo,
Saviskail {Rousay).—They contain similar olivine and titaniferous augite, often in
radiating groups of six or seven. Biotite is absent, but hornblende is rather more
abundant, especially in the little ocelli, which may contain a small amount of felspar.
The rocks are much decomposed, and the numerous small vesicles are filled with calcite
and chlorite. In most of the slides there is a considerable quantity of a very turbid
brownish glass, which is filled with little needles of augite and skeleton growths of
magnetite; it contains also microliths of hornblende, and possibly a little felspar.
Even where clearest and least altered, it has in polarised light the appearance of a
devitrified base, granular and speckled wfith decomposition products.

On the shores of Kirkwall Bay, near the Skerry of Quanterness, I picked up in 1896
two blocks of trap, which in section turn out to be very interesting rocks. They are

coarsely porphyritic, and the phenocrysts resemble in every respect those described for
the camptonites of Hoxa. Olivine is absent from the sections (PI. II. figs. 5 and 6), and
the rock is thus a hornblende fourchite. The phenocrysts are augite and hornblende,
which show all the varieties ancl intergrowths described in the west dyke of Hoxa (see
photos, figs. 5 ancl 6, PI. II.). Both are very fresh, the augite showing only incipient
change into chlorite. The groundmass contains little augite, and consists almost entirely
of hornblende similar to that of the camptonites, embedded in a clear glass. This glass
has a tendency to collect in certain parts of the slides, forming paler ocelli;- it is
colourless or pale greenish, filled with innumerable microliths, which are often horn¬
blende in . beautiful dendritic growths very like those of the pitchstones of Arran.
These consist of spicules so thin as to have only a faint brownish or greenish colour;
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and without doubt many of the microliths enclosed in the felspars of the camptonites,
and often taken for apatite, are of similar nature. The glass is in places perfectly
structureless and isotropic, elsewhere is devitrified and turbid, and in polarised
light shows a granular appearance. Very occasionally it encloses ill-defined
radiating skeletons of felspar. Apatite, magnetite, and ilmenite are the accessory
ingredients.

The dyke already mentioned as rising along a fault fissure on the west side of the
Wart Holm of Copinshay is a monchiquite, remarkable for the large hornblende pheno-
crysts it includes. These may be as large as 2|- inches by 1^ inches. Owing to their
perfect cleavage they are difficult to obtain in section, but they seem to be corroded,
often zonal, and almost free from enclosures. Decomposed olivine and idiomorphic
violet-brown augite, with sometimes a bright green centre, are the other phenoerysts.
The groundmass is fine grained, and resembles that of the Grainbank dyke, consisting of
titaniferous augite and rather plentiful biotite. Hornblende is confined to the rather
numerous ocelli, where it is mingled with felspar in fine radiating fibres. A partly
devitrified glassy base fills up the interspaces between the other minerals, and not
unfrequently shows in polarised light the presence of a small quantity of ill-developed
felspar.

The Nature of the Groundmass of the Monchiguites.-—This is a subject to which
attention has recently been directed by Professor Pirsson (XI., p. 680), who, in a very
able paper, has advanced the view that it is in reality primary analcite, which he
considers an essential mineral of rocks of this class. It had previously been regarded
as a glass, which, owing to its richness in alkalies and alumina, had a very marked
tendency to decompose into zeolites and analcite. Lindgren had previously (XII., p. 51)
called attention to the presence of this mineral in apparent phenocrysts in the analcite
basalts of the Highwood Mountains, Montana, and also in a second generation in the
groundmass.. He suggests that the mineral could have formed from igneous magmas
in presence of water, and crystallising under sufficient pressure to retain it. Still
more recently Cross (XIII., p. 684) has described certain "analcite basalts," in which
the analcite, though the last product of crystallisation, in many ways resembles the
phenocrysts of porphyritic rocks. He, too, considers it a primary mineral.

The grounds on which Pirsson bases his opinion are, that it is in itself improbable
that rocks so basic in composition, solidifying under great pressure, should produce any
glassy material, while under similar circumstances the acid dykes of the same districts
are always crystalline. That it is not impossible, however, is proved by the frequent
tachylite selvages of basalt dykes, and the association of variolite with diabase. Com¬
parison of the limburgites with the basalts will show that it is not merely the percentage
of silica a rock contains which determines the abundance or frequency of glass in the
groundmass. The chemical analysis of the glass in a monchiquite from Brazil has, as
Piesson shows, a striking resemblance to analcite, and he considers it has been made
with great care and skill on excellent material. We must remember that the ground-

yol. xxxix. part iv. (no. 33). 6 x
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mass is decomposing into zeolites, and (XVI., p. 452) that the solution from which the
material was precipitated had been diluted to a specific gravity of 2* 3, which is less
than that of most natural glasses, so that the material must have in any case contained
a disproportionate amount of these secondary minerals. A single analysis is, moreover,
a slender basis on which to build so important a theory. Two analyses of the material
from Lindgren's rocks, which also are admittedly rich in analcite, are adduced to
support the hypothesis, but they seem to differ too much from one another to be
suitable for the deduction of a mineral formula. Finally, in Pirsson's view, the
ready gelatinisation with acids, and the weak and irregular double refraction, point to
this substance being really analcite; but these points have long been known and not
considered incompatible with the properties of a natural glass such that it readily
decomposes with formation of zeolites (Hunter and Rosenbusch, XVI., p. 452).

As a result of my examination of the Orkney trap dykes, I have been led to form
the opinion that this material is really a glass, which, owing to its composition, very
readily decomposes, with formation of zeolites and particularly of analcime. Where
analcime can be identified, as in the west dyke of Hoxa, it is quite different in appear¬
ance from the glassy base, being clear and transparent, while the latter is turbid and
full of mierolites. In some rocks, as in the fourchite, this glass is perfectly clear,
fresh, and isotropic, though filled with felspar microlites, which are grouped in radiate
bundles very similar to those of the minettes. It may be colourless or pale brown. In
decomposition it becomes turbid, granular, semi-opaque. In polarised light it is then
filled with specks and fibres of undeterminable nature, which give it the appearance of
a devitrified material rather than of analcite. Finally, it becomes a granular mosaic of
calcite and analcite, mixed with various fibrous zeolites.

Moreover, its occurrence is that which is distinctive of a glassy base. In certain of
the camptonites, as, for example, those of Hoxa, an isotropic matter is abundant at the
edges of the dykes. Towards the centre felspar increases in abundance, and the base
diminishes, but does not disappear. The sections of the edges have all the characters
of hornblende monchiquites. Yet if the base is here analcite, it cannot be analcite
which in the centre has been left after the crystallisation of the felspar. On the other
hand, the passage from monchiquites to alnoites will be shown to be a very gradual one.
There are forms of the latter rocks which at the centre show melilite, at the edges only
a glassy base; other dykes contain a granular glass throughout. The transition is so
perfectly gradual, that no line can be drawn to separate the " analcite rocks" on the
one side from the felspathic and melilite-bearing rocks on the other.

Should ever this hypothesis be established, it must rest on a broad basis of chemical
facts. The attempt which I made to separate out the grourtdmass of the Orkney dykes
failed to yield material of suitable purity. It is difficult to see how it could be obtained,
as the undoubtedly secondary analcite of the amygdules should certainly be first removed.
The rock which Rosenbusch and Hunter investigated (XVI.) is far more suitable for
this purpose than any other I have seen; but it should not be forgotten that this is
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an extreme member of the series, and, in its richness in alkalies, stands in striking
contrast to the rocks which have later been associated with it (Analysis 5, below).

CHEMICAL ANALYSES- OF MONCHIQUITE DYKES.

1. 2. 3. 4. 5.

SiO„ 42-51 42-46 43-74 43-50 46-48

Ti02 2-47 2-80 2-10 0-99

A1208 12-85 12-04 14-82 18-06 16-16

Fe203 2-67 219 2-40 7-52 6-17
FeO 7-52 5-34 7-52 7-64 6-09
MnO 0-83 0-16

MgO 12-00 12-40 6-98 3-47 4-02
CaO 11-83 12-14 10-81 13-39 7-35
Na90 2-75 1-21 3-08 2-00 5-85
K,0 2-15 2-68 2-90 1-30 3-08

C02 3-46 •55 1-50 1-22 0-45

P205 •84 0-64

h2o 2-96 4-03 2-94 4-27

100-53 99-51 100-23 100-20 100-91
Spec. Grav. 2-905 2-94 2-914 3-051 2-736

1. Grainbank, Kirkwall.
2. Willow Creek, Castle Mountain (Pirsson, XIV., p. 115).
3. Monchiquite, Rio de Ouro. Rio de Janeiro (XVI., p. 461).
4. Hornblende Monchiquite, Magnet Cove, Arkansas. Analyst, W. A. Noyes (XXI., p. 295).
5. Monchiquite, Santa Cruz Bahn, Rio de Janeiro (XVI., p. 464).

The monchiquite dyke of the Wart Holm, Copinshay, carrying the large phenocrysts
of hornblende, presented a specially favourable opportunity to obtain this mineral pure
for analysis. About 20 grammes were broken out of various crystals, hand picked,
crushed, and thrown into borotungstate of cadmium. The principal precipitation took
place on dilution to a specific gravity of 3"15, and, on microscopic examination, proved
to be pure hornblende, perfectly fresh, and free from enclosures. The material had
previously been purified by passing over a strong electro-magnet to remove the magnetite.
The analysis is given under No. 1.

As this rock carries a little felspar in the groundmass and in the ocelli, it approaches
closely to camptonite, and the composition is probably the same as that of the horn¬
blende in the mass of the dykes. From these pure material could not be obtained,,
owing to the frequent intergrowths with augite and admixture of its decomposition
products. The average given in the third column shows that this is a typical basaltic
hornblende.

The Alnoites and Biotite-Monchiqtjites.

To this group belongs a small number of dykes, so far as at present known confined
to the district between Kirkwall and Stromness. They have all a very northerly
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trend, and seem to have a marked tendency to branching. There can be no doubt
that they are, both in geological origin and in petrographical characters, a closely
related series.

1. 2. 3.

SiO,
TiOi
AI263
Fe.,03
FeO
MnO
CaO
MgO
Na.,0
K,0
H20

Spec. Gray.

40-65
4-52
17-12
4-26
5-53
0-34
12-88
9-96
1-74
2-80
•36

40-79

17-36
3-83
15-04
0-30
10-83
6-97

| 4-17
0-71

39-88
4-86
14-83

112-60
12-68
12-27

3-39

100-16
3-153

100-00 100-51

1. Hornblende from bornblende-moncbiquite, Copinshay, Orkney.
2. Analyses of hornblende from eamptonite. Dixville North, N.H., U.S.A. (cited from XIX., p. 234).
3. Average of ten analyses of basaltic hornblende. Brogger (VI., p. 29), after Schneider's analyses.

One of the most interesting occurs in a small headland about 400 yards north of the
farmhouse of Rennibuster, four miles from Kirkwall. It is 5 feet broad, and in the
hand specimen is a dark green, almost black rock, with fine glancing scales of biotite
and vesicles filled with calcite and pale-coloured zeolites. The weathered material is
dark rusty brown.

Under the microscope, olivine proves to be abundant in phenocrysts, rather uniformly
of small size. It is entirely decomposed into pale green, sometimes almost colourless,
serpentine accompanied bymagnetite, or into calcite and limonite. It encloses magnetite,
and perofskite in small dark brown octahedral Augite in large phenocrysts is compara¬
tively scarce, and usually idiomorphic, with short, broad, longitudinal, and octagonal
transverse sections. The centre is almost quite colourless, the margins purplish-brown.
It is twinned, often repeatedly, on 100, and has the usual cleavage. It shows no'
decomposition. The enclosures are apatite, magnetite, and perofskite.

The most striking porphyritic mineral is biotite, in large irregular plates. Its
pleoehroism is intense, a = pale yellow, tr and t = reddish-brown, absorption — t = fr>a:-
A very narrow zone of intenser brown surrounds a large corroded nucleus, and may
occasionally show a tendency to idiomorphism by the presence of angular corners

recalling hexagonal outlines. It has a greater absorption than the central biotite for all
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rays, but especially for b and c, which are dark brown. The optic axial angle is very
Ismail. Twinning on Tschermak's law was not made out, and the extinction may have
an o'blicjuity of 5°. The biotite encloses olivine, augite, magnetite, perofskite, apatite.
In weathering it passes into a deep green chlorite, but this change is confined to the
margin of certain sections (see PI. III. fig. 4).

Augite is very abundant in small crystals of the second generation. The prisms are
elongated, and average -015 mm. in breadth by T mm. in length. They are very
idiomorphic, and in transverse section have usually six sides, the clinopinakoid not being
developed. They are irregularly scattered, and often in radiating groups of six or
seven. Their colour is purplish-brown, resembling the outer zone of the phenocrysts.
Owing to their small size, they are almost without cleavage, but it is usually to be traced
in the longitudinal sections. Their extinction angle ranges up to 43°. They are not
dichroic, and very commonly show hour-glass structure and twinning similar to that of
the phenocrysts. These little augites are enclosed in the periphery of the biotite plates,
but are never seen in the centre, and very frequently the edges of the biotite are
moulded on them. In that case the dark brown rim is absent. In the groundmass
biotite in small, sometimes sharply-formecl crystals is mingled with the augite, and
adherent to its margins or surrounding magnetite. On the surfaces of the olivines
biotite and augite are usually implanted.

Melilite in some of the slides and in some parts of them is quite common, in others
it is not recognisable owing to decomposition. It is best found fresh on the edges of
the biotite. Here it has rather perfect form, squarish rectangular or lath shaped. It is
colourless, not dichroic, with, a cleavage parallel to the length of the section very well
defined, and another less frequently seen at right angles to this. It contains glass
inclusions, but regular peg-structure is not seen. The extinction is straight, and the
polarisation colours are pale grey. Transverse sections are not recognisable. Parallel
growths between biotite and melilite, as figured by Berwerth (XVII., pi. 10), were
not found. Care must be taken to distinguish it from the abundant apatite, which
approaches it in size, but the lower refractive index, the more perfect cleavage, the
sharply rectangular outlines, and the frequent decomposition, assist in identifying the
melilite. The apatite penetrates all the ingredients, but the melilite is moulded on the
others, except biotite occasionally. It is optically negative.

In some parts of the slides a clear isotropic groundmass resembling glassy matter is
frequently obseryed, but usually it is turbid and granular, and in polarised light breaks
up into a mosaic of angular grains of calcite with fibrous zeolites, and possibly analcite.
This material shows mostly no cleavage or trace of regular structure, but at times it
encloses little rectangular prisms which are apparently melilite mostly decomposed
into zeolites, which are fibrous, and extinguish parallel to the prism axis, while weakly
polarising grains of still fresh material may be found in the centre. Whether there has
been originally a glassy residuum or a final crystallisation of nepheline, as Adams
suggests (XVIII., p. 278), cannot now be made out.
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If this rock be compared with the alnoite of St Anne, Montreal, it will be found
that the chief differences are that it is less coarsely crystalline and much more decom¬
posed. The olivine of the Canadian rock is mostly fresh, there is more porphyritic
augite; the melilite is in larger grains, and far better preserved; otherwise the two
rocks present a close parallel.

The sequence of crystallisation appears to have been perofskite, apatite, magnetite;
olivine, first augite (later corroded), biotite, and before its completion, second augite,
melilite, and then the brown rim of biotite ; lastly, completion of augite of ground-
mass, and the bulk of the melilite, with perhaps, finally nepheline or a glassy base.

Towrards the edge the dyke becomes finer grained, but the specimens are too decom¬
posed for minute study. Numerous phenocrysts of olivine entirely altered into
serpentine and calcite, with many porphyritic augites still fresh, are scattered in a fine
grained dark groundmass. The augites are sharply idiomorphic, with a pale or colourless
corroded centre and a purplish margin, and in polarised light have the remarkable
zonal and hour-glass structure of those of the Montreal rock. The centre and periphery
may differ 12° in extinction, and the marked dispersion of the bisectrices observed by
Adams is evident here also. Biotite at the extreme edge of the dyke is present only in
small scales, and increases in size and abundance as we approach the centre. It is not
commonly idiomorphic. Melilite is not found at the margin of the dyke, but there is
much of a granular turbid semi-opaque groundmass which was probably originally
glassy. We remark here a curtailment of both the first and second generation of
crystals. A few grains of melanite with broad dark corroded borders were noted, and
here and there pale ocelli.

In the shore at the mouth of the burns of Rennibuster, as already described, three
dykes are seen traversing the course of the camptonites. They are narrow, and run

parallel to one another, and in all probability are subdivisions of one dyke; indeed,
connecting veins were observed in the flagstones between. They are all alnoites, but
vary somewhat in microscopic appearance. Phenocrysts of olivine occur in all, and
those of augite are also numerous. They resemble those described in the previous case,
and some contain a honeycombed centre which gives the impression that it has been
full of glass cavities. The corroded interior has sometimes a diallage lamination
parallel to the face 100. Biotite, in large irregular plates, is abundant in sections of
the west dyke. It is not surrounded by a darker border, and is often attached to the
surface of the porphyritic augite and olivine, and encloses the augites of the ground-
mass. It is not idiomorphic, and its period of crystallisation appears to have been-
deferred till the formation of the groundmass. Melilite is to be found in the ground-
mass often with typical rectangular sections, but weathering at the edges to fibrous
zeolites, which lie parallel to the axis of the section and extinguish straight. In the
centre of these, grains of fresh material may still be found. Elsewhere the ground-
mass consists of secondary products, chiefly calcite, zeolites, and analcite in irregular
grains. The cleavage of the melilite is evident, but there is no peg-structure. In the
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mid dyke and east dyke the ingredients are the same, but the biotite is less abundant,
and in smaller crystals which are deep brown, and adhere to olivine, augite, and
magnetite. The east dyke is much decomposed, and yielded no evidence of melilite.
The mid dyke is fresher, and in the hand specimen has a finely nodular appearance.
The little dark brown biotites are often idiomorphic, and distinct traces of melilite were
observed in crystals irregular in shape or approaching rectangular, moulded on the augite,
which plays the chief part in the groundmass, and undergoing the same decomposition
as in the other slides.

In Naversdale, Orphir, a dyke is seen cutting the more northerly burn in the valley
about half-a-mile above the sheepfold. It is 3 feet broad, and in the hand specimen
the mica is very evident in little glittering scales, but there is no marked parallel
structure; there is much calcite in rounded spots.

Under the microscope it is very similar to the east dyke at Rennibuster point (PL III.
fig. 5). It contains many olivines, weathered to green and yellow serpentine and mag¬
netite, and surrounded by a fringe of biotite and little augites. Large augites with similar
appearance and properties to those in the Rennibuster dyke accompany the olivine.
The biotite occurs also in large, irregular plates, with similar enclosures, but here
without a darker rim; and the little scales in the groundmass are absent. The
groundmass consists of little idiomorphic augite crystals scattered through what appears
under low powers a turbid, granular material, but on higher magnification resolves
itself into melilite in irregularly-shaped intersertal masses, which fill up the interstices
between the other minerals. Over fairly large areas the melilite has the same cleavage
and extinction, though penetrated by many augites. The structure is exactly that of
the ophitic dolerites, where augite encloses idiomorphic plagioclase. Peg-structure is
here very perfect, and perpendicular to it a rather ill-defined cleavage. The mineral is
never absolutely fresh, but always granular, turbid, brownish in ordinary light; it is
not dichroic. In polarised light decomposition is seen to have followed the direction of
the pegs and of the cleavage to a less extent, with the production of a fine fibrous
secondary product, which at first forms a rectangular network over the mineral, and, as
the change proceeds, extends gradually over the meshes. The fibres are mostly parallel,
and although the polarisation colours are too high for melilite, the aggregate has a

straight extinction. Many fibres, however, have an indefinite orientation, so that, when
the section is at its darkest, extinction is never absolute, but bright flakes are to be seen.
These are mostly at the edges and in the cleavage cracks. In other sections the fibres
have an entirely irregular or radiate arrangement; these may be pseudomorphs after
melilite in transverse section. Recognisable calcite does not appear till comparatively
late in the process. Analcite, calcite, and other minerals of secondary origin, which are
undeterminable, occupy other parts of the sections. An isotropic mineral of irregular
corroded form, full of dark inclusions, and resembling nosean, is present in very small
quantity. Apatite and perofskite are both abundant.

The sequence of crystallisation appears to have been apatite, perofskite, magnetite;
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olivine, augite, biotite; 2nd augite, melilite. In all probability there was no glassy
residuum.

A rock, which appears to be a much decomposed alnoite, forms a. small dyke which
crosses the bum of Ireland, Stenness, where the two tributary burns unite. This dyke
forks into two branches. It has all the features of the alnoites, but in the groundmass
melilite is not recognisable, although in all probability originally present.
It has been already remarked that at the edges of the dykes the alnoites tend to

develop a glassy groundmass, biotite being present in small quantity, and melilite
absent. Sections taken from the thin veins which connect the dykes at Eennibuster
burn have a totally different appearance from those of the dykes themselves. Large
phenocrysts of olivine (altered into serpentine) and of augite lie in a dark brown turbid
groundmass, evidently at one time glassy, but now decomposed and devitrified. No
biotite and no melilite appears. In the groundmass are microliths of augite and
minute brown grains, which may be biotite. The glass has rounded paler spots, which
recall the ocelli of the camptonites, and the groundmass is distinctly fluidal.

On Eennibuster Point, a short distance to the west of the alnoite dyke first
described, occurs another, a little over a foot broad, and with the same northerly
trend. In section it is the freshest of the monchiquites and alnoites of the Orkneys,
and the numerous phenocrysts of olivine show only slight decomposition into serpentine,
and are sometimes absolutely unaltered. There are many phenocrysts of augite which
exactly resemble those of the alnoites. A deep brown biotite, in small, fairly idio-
morphic crystals, is rather plentiful. It encloses only apatite, magnetite, perofskite,
and may surround porphyritic olivine or augite. Only very rarely do the augites of
the groundmass encroach on it. It has a narrow, deep brown border. In the ground-
mass wTe have many small augites embedded in a brown granular glass. A careful
search has revealed a few sections which resemble melilite. It is perfectly idiomorphic
and sharply rectangular. Apatite and perofskite are frequent accessories. There is
one large brown corroded crystal of melanite, with traces of twelve-sided outlines and
a broad black border. This is a glassy alnoite, which very closely approaches in
microscopic character certain of the monchiquites.

In the table on next page an analysis is given of the alnoite of Naversdale, the only
one I have so far been able to overtake. It is accompanied by the principal analyses
of similar rocks elsewhere.

Melilite-Monchiquite.—This name I propose for a rock which occurs in a small
dyke at Long Geo, Holm, and has been already mentioned as crossing a small
fault (p. 872). In consequence of the irregularity in its course, its true direction
cannot with certainty be established. It is in every respect a monchiquite, except
that the groundmass here consists wholly or in part of melilite in plates of irregular
shape.

It contains phenocrysts of olivine, decomposed into calcite, pale serpentine, and
magnetite, and enclosing brown oetahedra of perofskite. The olivines are rounded, and
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on their surface are implanted grains of augite, and biotite in small scales. Augite occurs
in few small phenocrysts, purplish-brown, idiomorphic, not markedly zonal, and
resembling those of the monchiquites rather than of the alnoites. The groundmass
consists of augite, biotite, and melilite. The augites are in small prisms 5 to 10 times
as long as broad, brownish-purple, idiomorphic, sometimes twinned in 100, frequently
showing hour-glass structure, and with a high obliquity of extinction (44°). They are

1. 2. 3.

Si02 35-54 35-91 24-19
Ti02 2-03 0-23 tr.

AlgOg 11-72 11-51 12-00
Fe203 5-86 2-35 6-45
FeO 5-99 5-38 9-32
M11O' 0-32 • • •

MgO 13-56 17-54 14-07
CaO 15-83 13-57 17-37

Na20 1-91 1-75 1-99

K20 2-24 2-87 3-06

h2o 1-67 9-40 5-16

p2O5 3-96

co2 4-30 2-77

100-97 100-51 101-16
Spec. Grav. 3-052 3-02 3-15

1. Alnoite, Naversdale, Orkney.
2. Alnoite, Ste. Anne de Bellevue, Montreal (anal. Le Rossignol, XVIII., p. 271).
3. Alnoite, Alno (XIX., p. 235).
The accordance between the first and second is exceedingly close. The titanic acid was estimated by the

method described by Hillebrand (XX., p. 45), and must be contained in the perofskite, titaniferous
magnetite, and augite of the groundmass. The Canadian rock carries magnesia partly as carbonate.

not dichroic, and almost perfectly undecomposed. They lie irregularly dispersed, or

groups in radiating rosettes. Biotite occurs only in small scales of irregular form, dark
brown colour, and intense dichroism. It is not, however, like that of the alnoites, being
less clear yellow, with a not colourless, but distinctly yellow-brown. It resembles the
later biotite in these rocks, and is almost perfectly uniaxial. Around the olivines and mag¬
netites, it often forms a narrow border, and in the groundmass it is mingled with augite
and melilite. Except its less idiomorphism, there is nothing to distinguish it from the
biotite in such a monchiquite as that of Grainbank. The melilite was the last mineral
to crystallise, and is destitute of crystalline form, its irregular masses enclosing all the
other ingredients. It is paler and fresher than in the alnoite of Naversdale, almost
colourless, with very perfect peg-structure (see photo, PI. III. fig. 6), though the
cleavage is often indistinct, no dichroism, and gives polarisation colours of dark grey,
about the same as apatite, or slightly lower. Its optical sign is negative. Its decom-
VOL. XXXIX. PART IV. (NO. 33). 6 Y
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position is very similar to that already described in the former rock, fibrous zeolites,
with straight extinction parallel to the peg-structure, forming first in a net-work, and
spreading afterwards through the mineral. In the freshest parts of the slides it fills up
all the spaces between the other ingredients of the groundmass, and leaves no room
for any later mineral or for a glassy base. But where the rock is more decomposed,
calcite, with chlorite, brilliantly polarising zeolites, and an isotropic mineral (analcite ?),
in a mosaic of irregular grains and fibres, form the interstitial material. These have, no
doubt, resulted from the final disintegration of the melilite and the adjacent minerals.

The rock contains a few vesicles filled with calcite, chlorite, and zeolites. In the
hand specimen it is fine grained, non-porphyritic, and in places much decomposed. It
closely resembles the monchiquites, but is distinctly paler in colour, being rather greyish
green, while they are dark green.

A chemical analysis is given below (No. 1), and beside it certain others for com¬
parison.

Chemical Analyses of Melilite Bocks, etc.

1. 2. 3. 4. 5.

Si02 33-87 42-51 35-54 33-89 . 35-84

Ti02 2-12 2-03 0-64 8-85

A12°3 15-25 12-04 11-72 9-93 10-48

Ee2Os 2-37 2-67 5-86 15-63 7-25
EeO 5-15 7-52 5-99 • • . 6-62
MnO •32 ■83 •32 ...

MgO 12-52 12-00 13-56 16-14 12-95
CaO 14-43 11-83 15-83 15-19 10-90
Na„0 1-41 2-75 1-91 2-86 3-53

K20 1-02 2-15 2-24 1-51 .

h2o 2-47 2-96 1-67 2-90 ...

PA •99 1-41 ...

co2 8-64 3-46 4-30 1-41 2-84Cr203

100-36 100-53 100-97 100-00 100-77

Sp.G. 3 033 2-905 3-052 3-015 3-051

1. Melilite monchiquite, Long Geo, Holm, Orkney.
2. Monchiquite, Grainbank, Kirkwall, Orkney.
3. Alnoite, Naversdale, Orphir, Orkney.
4. Melilite basalt, Hochbohl bei Owen.
5. Nepheline melilite basalt, Riedoschingen, Hegau, Baden.

(Nos. 4 and 5 cited from Rosenbusch (XIX., p. 360).)
A comparison with 4 and 5 will show that the melilite monchiquite from Orkney

has a sufficiently close similarity to other well-known rocks of the melilite group. It is
in a state of more advanced decomposition, as witness the high percentage of C02, which
is partly combined with magnesia, as it was noticed that only a small amount of C02 was
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evolved on treatment with cold dilute HC1, but on warming, the evolution of gas was
renewed and rapid. To what extent the abundant secondary products have resulted
from the decomposition of the dyke rock itself, or have infiltrated from the surrounding
highly calcareous flagstones, it is impossible accurately to determine, but, from the
investigations of Merrill (XXII., p. 214), we may assume that the effect has been to
increase the apparent percentage of alumina and to diminish that of silica and the
alkalies. This would make the accordance still more complete.

An examination of analyses 1, 2, and 3 shows how closely connected are these three
rocks which we have selected as types of different groups, and leads to the assumption
that they must have proceeded from the same igneous magma. In the monchiquite we
have a relatively high percentage of silica, and the alkalies, while lime, magnesia,
alumina, and iron, are slightly low. The others have the extremely low silica percentage
characteristic of the melilite rocks. In the alnoite potash predominates, in the melilite
monchiquite soda. The alnoite is richer in magnesia, lime, and iron oxides, the melilite
monchiquite in alumina. As decomposition has followed a similar course in these three
rocks, more reliance can be placed on a comparison between them, and their chemical
composition, taking into consideration the analyses of their constituents (see Table below),
may reasonably be expected to throw some light on their diversity of character.

Chemical Analyses of Constituents of Monchiquites and Alnoites.

1. 2. 3. 4. 5.

Si02 53-43 38-56 44-55 36-42 44-76
Ti02 2-85 3-99

A1208 20-86 7-86 17-92 7-90
Fe208 2-61 1-36 3-81 2-83 5-16
FeO 12-65 4-53 7-04 1-39
MnO 0-11 0-38 ...

MgO 0-29 44-37 12-71 20-52 8-60
CaO 1-14 20-84 27-47
Na„0 11-63 1-29 2-60 2-65

K20 2-51 .. . 0-49 6-54 0-33

h2o 7-06 2-91 2-50 1-42

co2

99-53 99-96 99-31 100-36 99-68

1. Glassy base of moncbiqiiite Sta. Cruz Bahn (Hunter and Rosenbusch, XVI., p. 454).
2. Olivine from alnoite, Ste. Anne de Bellevue, Montreal, Canada (anal. Prof. Harrington (Adams,

XVIII., p. 273).)
3. Augite from monchiquite, Rio de Ouro, Sierra de Tingua, Rio Janeiro (Hunter and Rosenbusch,

XVI., p. 462).
4. Biotite from monchiquite, Norherig, Oherhergen (cited from Rosenbusch, XIX., p. 234).
5. Melilite from melilite basalt, Hochbohl. (cited from Rosenbusch, XIX., p. 360).
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In all three, crystallisation began in the same manner. Perofskite, magnetite, apatite,
olivine, augite, were the first products. In the alnoite the augite was accompanied by
much biotite, conditioned, no doubt, by the excess of magnesia and of potash (anal. 4),
and these two went on crystallising till the still liquid residuum was rich in lime and
comparatively poor in alumina and magnesia (anal. 5), crystallising finally as melilite.
In the melilite monchiquite the conditions were less favourable for the production of
biotite, and for some time augite alone was formed, till a similar condition supervened, and
crystallisation was completed by the formation of melilite. But, in the monchiquite,
owing to the higher percentage of silica and lower percentage of lime and magnesia the
continued crystallisation of augite was giving rise to a residuum comparatively acid,
containing the alkalies in fair amount and in nearly equal proportions, and practically
devoid of lime, iron, and magnesia (cf. anal. 1). To its peculiar chemical composition
we must ascribe its final solidification as a glass. As in the closely-related rocks 1 and
3 an anhydrous crystalline silicate was finally formed, there does not seem to be any
reason to believe that in this one, had crystallisation taken place, the water would have
been retained, and the hydrous silicate analcite have been the result.

Conclusion.

It will be seen that in the Orkneys we have one of the most abundant and interest¬
ing series of the camptonite-monchiquite-alnoite rocks which is anywhere known to
exist. They fall naturally into two groups, the " leucocrate " rocks of Brogger, of
which the sole representative is one dyke of bostonite, and the " melanocrate," to which
the others belong. Between them there is no connecting link; and the theory which
he expounds of their origin by complementary differentiation from the same magma, is,
in view of their constant association, the most natural that has been suggested.

The " melanocrate " series must be regarded as a unity. The series of gradations by
which they merge into one another is so complete that they cannot be separated. They
have proceeded from one magma, which, by a progressive differentiation, was becoming
more and more basic as time elapsed. Taking the Orkney dykes as a whole, the petro-
graphical characters agree with the facts regarding their geological occurrence, in
establishing that they have been emitted, no doubt in successive periods, from the same
volcanic focus.

But when we pass to consider what the nature of that parent magma has been, it
must be insisted that there are no data, within the Orkneys, which will enable us. to
decide. In chemical composition they correspond exactly to no plutonic magma, and
seem to be in every case products of differentiation. They are typical dyke rocks, and
occur only as dykes or thin intrusive sheets. It may be possible, when their distribu¬
tion in the north-east of Scotland is better known, to trace them to some parent mass ;
till then we can argue only from general facts. From what is known of this series at
the present day, it is difficult to point to any magma from which we could say with
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certainty they had not been derived. Granites, augite-syenites, elaeolite-syenites,
gabbros and diabases, and tberalites, have all been shown to have occasionally given
origin to dykes of one or other of the rocks of this series. In the present instance only
one fact seems to point to a solution of the problem. In Orkney the camptonites are
the most numerous, and form a central type from which the others diverge. Of these
there is only one dyke, though it is connected with the others by intermediate steps,
which corresponds chemically and structurally to the products of undifferentiated
magmas. That is a diabase, and we may provisionally regard it as most probable that
the original magma was, as Brogger has shown for the camptonites of Gran, an olivine-
gabbro-diabase magma. If so, it may well be, as Sir Archibald Geikie suggests,
that they are outlying members of the great Tertiary series of basaltic dykes of the west
of Scotland.

To Professor James Geikie, D.C.L., LL.D., F.Pt.S., under whose direction the
microscopical and chemical investigations were made in the Geological Laboratory of
Edinburgh University, I desire to record my indebtedness. For valuable assistance in
the chemical analyses I have to thank Mr J. S. Grant Wilson, F.G.S., of H.M. Geo¬
logical Survey of Scotland. Several gentlemen resident in the county have at various
times assisted me with specimens and observations, more particularly my brother
Mr Peter C. Flett, Mr Magnus Spence, F.E.I.S., and Mr J. W. Cursiter, F.S.A.
Scot.

List of the Trap Dykes of the Orkneys from which Material was obtained and
examined.

Locality.
Onston Hess, Stenness,

BOSTOFITES.

Width.

. 2 ft. 6 in. E. and W.
Bearings. Notes.

see description, p. 872,
and figs. 1, 2, PI. I.

CAMPTONITES.

Eennibuster (4 miles west of Kirkwall):—
"West burn, .

East burn,
2 dykes in shore,

E. 15 N. non-porphyritic, much
weathered.

E. 25 N.

Walliwall quarry, Kirkwall,

Crowness, Kirkwall,
Peerie Sea, Kirkwall, below A. Borwick's
Corner of F.C. Manse, Finstown, .

Mouth of Oyce, Finstown,
Scarvataing, .

:'s house, .

. 2 ft.

. 2 ft.

9 m, E. 35 N.

Hi. 0\J .

E. 30 N. much branched, p. 869.
E. 30 N.



902 MR JOHN S. FLETT ON

Locality. Width.
Binniaro Bay

Below boat, 2 dykes,.
200 yards further N.,
Between boathouse and farm,
Near corner of farmyard,
400 yards south of boathouse, 2 dyke

North of Burness, Firth, .

Corrigal Burn, Harray, 2 dykes, .

Quarry, near Lochside, Stenness, .

South end of Kirbuster Loch, Orphir,
400 yards south of Tingwall, Kendall,
300 yards further south, .

Break, Rendall,
Laith, Sandwick, shore of Harray Loch,
Below Ironsides' farm, shore of Harray Loch,
Below Howe, Stromness, .

Cumminess, Bay of Ireland,
Stromness, point below Garson,

,, Stacks of Netherton,
Billiacroo, Breckness,
Burn of Sella, 2 dykes,
Neban Head, 4 dykes,
North Galton, 2 dykes,
Inganess, .

Borwick, .

Ramna Geo,
100 yards south of Wart, Skaill,
Wart, Skaill,
Crooadee Burn, Birsay, 2 dykes,

„ „ in quarry,
Boardhouse Loch, Birsay, 100 yards south of burn
Near Quoyloo Church, Sandwick,
Howana Geo,

30 yards further north,
Axin Geo, Birsay,
Just south of a little streamlet a little furthe
north, 2 dykes, .

Spoord, Birsay,
Stack of Spoord, .

Grassy banks south of Outshore Point,
Oyce, Marwick,
Backaquoy Point, Birsay, .

Banks Head, Birsay,
Costa Head, Evie,
Sole Geo, Evie,
At a landing-place a little further east,
At the Crane further east,
Dyke on top of Burgar Hill exposed in a road,
Veira Lodge, Rousay,
Westness, Rousay,
Skaill, Rousay, between kirk and house
Fishing Geo, Rousay,
South side of Scabra Head, Rousay,
20 yards further north, seen en face,
Scabra Head, Rousay,
Telegraph Hut near Bullion, Rousay,
Yarmaday, Rousay, west dyke,

„ „ 2 east dykes, .

Taing of Tratland, Rousay,
300 yards west of Trumland Pier, Rousay
Just east of Trumland Pier, Rousay,

Bearings.

1 ft. 6 in., 2 ft. E. 20 N.
6 in. E. 20 N.
2 ft. E. 25 N.
15 in. E. 30 N.
2 ft. 6 in. E. 20 N.
1 ft. E. 40 N.
about 3 ft. E. 15 N.

4 ft.' E. 20 N.
6 in. E. 20 N.
15 in. E. 30 N.
2 ft. E. 30 N.
3 ft. 6 in. E. 35 N.
2 ft. E. 20 N.
18 in. E. 20 N.
4 ft. E. 30 N.
6 in. E. 35 N.
2 ft. E. 30 N.

4 ft. N.E. "
9 ft. E. 10 N.
... E. 25 N.

4 ft. E. 25 N.

each 2 ft. E. 10N.
2 ft. E. 20 N.
4 ft. E. 30 N.
8 ft. E. 25 N.
3 ft. 6 in. E. 30 N.
3 ft. E. 30 N.
3 ft. E. 25 N.

E. 20 N.
12 ft. E. 25 N.
3 ft. 6 in. E. 20 N.
8 ft. E. 25 N.
2 ft. twisting
4 ft. E. 20 N.
4 ft. E. 30 N.
3 ft. E. 30 N.
2 ft. E. 30 N.
2 ft. E. 20 N.
3 ft. E. 20 N.

3 fit." E. 30 N.
4 ft. 6 in. E. 20 N.
2 ft. E. 20 N.
3 ft. 6 in. E. 20 N.
15 in. E. 30 N.
... E. 30 N.

6 ft. E. 30 N.
6 ft. E. 20 N.
2 ft. E. 30 N.

( 5 ft. E. 30 N.

1 2 ft. E. 20 N.
3 ft. E. 20 N.
6 ft. E. 20 N.
3 to 4 ft. E. 20 N.

Notes.

see p. 886, and fig.*2,
PI. III.

see p. 866.

see p. 878.

see p. 878.
cuts granite,
curving, see p. 869.

forks, see p. 869.

see p. 884.

see p. 877.
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Locality.
400 yards east of pier, Rousay,
Avalshay Point, Rousay, .

Sourin Mill, Rousay,
Geo of Dykend, Saviskail, Rousay,
Behind farmhouse, Saviskail,
Hoxa, South Ronaldshay, west,

,, ,, east,

Widewall, „ 4 or more dykes,
East of Mermaid's Rocks, Deerness,

Width. Bearings.
4 ft.

'

E. 20 N.
10 ft. E. 20 N.
2 ft. E. 30 N.
3 ft. E. 20 N.
2 ft. E. 20 N.
5 ft. E. 20 N.

4 ft. 9 in. E. 25 N.

7 ft. E. 30 N.
2 ft. 6 in. (*)

Notes.

see p. 879.
see PI. II. figs. 1, 2, 4.
see p. 879.
see PI. II. fig. 2.
see p. 869.

Grainbank, Kirkwall,

Skaill, Rousay,
Quoynamuckle, Rendall, .

Tingwall, Rendall,
Kongie Geo, Saviskail, Rousay,
Wartholm, Copinshay,

MONCHIQUITES.
. 2 ft. 6 in.

2 ft.
4 ft.
2 ft.
4 ft. 6 in.
3 ft. 6 in.

about E.N.E. see p. 887
see PI. Ill

E. 20 N.
E. 25 N.
E. 30 N.
E. 20 N.
E. 40 N.

see p. 8)
see p. 8
see p. 8;
see p. 8i
see p. 889

fig. 3.

Rennibuster Point, east, .

,, west,

Rennibuster Burn, east, .

„ mid, .

,, west, .

Knowes, Burn of Ireland, Stenness,

Naversdale, Orphir,

ALNOITES.

. 5 ft.
. 2 ft.

. 2 ft.
. 1 ft. 6 in.
. 3 ft.
. branches, 5 ft.,

3 ft., 2 ft.

N. 20 E.
N. 35 E. (1)
twisting

N. 20 E.
N. 20 E.
N. 20 E.
N. 10 W.

see

see

see

see

see

see

892.
896.

894.
894.
894.
896.

N. 20 W. see p. 895.

Long Geo, Goltick, Holm,
MELILITE-MONCHIQUITE.

. 2 ft. N. 10 E.
twisting

see p. 896.
see PI. III. fig. 6.
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EXPLANATION OF THE PLATES.

Plate I.

Fig. 1. Photomicrograph of the Bostonite of Onston Ness, Stennis, Orkney—magnified about 20
diameters. The elongated sections of felspar, which is both orthoclase and plagioclase, are arranged in a
fluidal manner. The black spots are magnetite and ilmenite weathering to leucoxene. Chlorite and other
secondary products in small quantity occupy the interspaces between the felspars. From near the margin of
the dyke.

Fig. 2. The Bostonite of Onston Ness, Stennis, Orkney, photomicrograph between crossed nicols—mag¬
nified about 30 diameters. The section is taken from the centre of the dyke and shows a large Carlsbad
twinned crystal of anorthoclase, filled with decomposed glass cavities, and surrounded by a groundmass not
markedly fluidal, of simply twinned felspars.

Fig. 3. Camptonite, Rennibuster Burn, Orkney—magnified about 20 diameters. Large idiomorphic
phenocrysts of a pale augite, surrounded by a decomposed zone, lie in a groundmass of idiomorphic hornblende
prisms and clear plagioelase. On the right margin a segment of an ocellus rich in felspar, radiately disposed,
with, at the upper margin, an area of calcite occupying a miarolitic cavity.

Fig. 4. Camptonite, Scabra Head, Rousay, Orkney—magnified 20 diameters. A more fine grained
rock than the preceding, but with a similar groundmass. The phenocrysts are augite, idiomorphic and pale
in colour, and dark hornblende slightly corroded and showing zones of different shade.

Fig. 5. Camptonite, Stromness, Orkney—magnified 26 diameters. At the bottom two phenocrysts of a
violet augite. The groundmass consists of hornblende and augite, intergrown and idiomorphic, surrounded
by clear plagioclase. In the upper part two felspathic ocelli.

Fig. 6. Camptonite, North Galton, Sandwick, Orkney. From the centre of the dyke'—magnified 35
diameters. Large augite phenocrysts are seen in the margins below and above. On their surfaces lie lath-
shaped felspars which, in the centre of the photograph, are enclosed by allotriomorphic brown hornblende, in
an ophitic fashion.

Plate II.

Fig. 1. Camptonite, West Dyke of Hoxa, South Ronaldshay, Orkney—magnified 20 diameters. The
phenocrysts are augite, idiomorphic, almost free from enclosures, and pale in colour, and hornblende (almost
in the centre of the figure), with a dark brown laminated centre and a clear peripheral zone. In the upper
part are three crystals, the centre of which consists of an augite-hornblende intergrowth, dark with grains of
magnetite, and showing only rude traces of crystalline boundaries, surrounded by hornblende which may con¬
sist of two zones, the inner paler in colour than the outer. Just below the centre of the figure is a similar
crystal, the upper margin of which is formed by a thin rim of hornblende, while the remainder of the margin
is a paler augite. Details of the groundmass are not shown, but it is rich in hornblende and augite, and con¬
tains comparatively little felspar.
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Eig. 2. Camptonite, East Dyke of Hoxa, South Ronaldshay, Orkney—magnified 20 diameters. The
nature of the groundmass is better seen than in the previous figure. Some of the clear spots are analcite in
irregular grains. Pale augite phenocrysts are few. The elongated section of hornblende shows an internal
dark laminated nucleus and a clearer peripheral zone. On the right is a plienocryst with graphic augite-horn-
blende centre, dark with magnetite, and two external zones of hornblende. In the centre and on the left are
two similar crystals, but in the central one the sides are augite, the ends hornblende; the other is completely
surrounded by a narrow border of augite.

Eig. 3. Camptonite, West Dyke of Hoxa, South Ronaldshay, Orkney—magnified 20 diameters. In the
centre an " analcite phenocryst." The clear space on the left is due to the disappearance of a hornblende
crystal. Above the centre a clear augite, to the right a zonal somewhat irregular hornblende. Below and to
the left several graphic intergrowths with hornblende borders.

Eig. 4. Camptonite, West Dyke of Hoxa, South Ronaldshay, Orkney—magnified 20 diameters. On
the upper margin, part of one of the pale ocelli, with long, prismatic, hornblende crystals, and clear
felspars, embedded in a brownish, granular, somewhat decomposed glass. Below the centre a large
phenocryst of dark brown laminated hornblende intensely corroded, surrounded by a thin, clear hornblende
zone, and around this a narrow augite-hornblende intergrowtli. The external border is partly augite, partly
hornblende. To the left of this a phenocryst with a centre of graphic augite-hornblende intergrowth, dark
with magnetite, and a border of hornblende on the upper end, of augite elsewhere.

Eig. 5. Eourchite, section from a loose block of trap found on the shore of Kirkwall Bay near Quanter-
ness Skerry—magnified 40 diameters. In the centre a large phenocryst, which consists of a graphic inter¬
growth of augite and hornblende, with comparatively little magnetite, and mixed with a considerable quantity
of a clear transparent glass. The upper margin is augite, the lower hornblende. The crystal is repeatedly
twinned and the twin planes pass transversely through the whole structure. The groundmass contains mag¬
netite and hornblende embedded in a clear transparent glass which is full of dendritic skeleton crystals of
hornblende.

Eig. 6. Section of the same rock as No. 5—magnified 20 diameters. Showing a large, much corroded
phenocryst of dark laminated hornblende, with enclosures of fine magnetite dust in lines parallel to the faces
of the prism (110). It is surrounded by a thin margin of clear hornblende.

Plate III.

Eig. 1. Augite Camptonite, section from a loose block of trap found on the beach near Burness, Eirth,
Orkney—magnified 20 diameters. Pale violet augite in small rounded crystals, which are often perfectly
idiomorphic, surrounded by plagioelase felspar, mixed with magnetite.

Eig. 2. Diabase, Binniaro, Firth, Orkney—magnified 20 diameters. Phenocrysts of olivine altered into
serpentine (above) and of augite in a glomero-porphyritie aggregate (below). The groundmass consists of
idiomorphic lath-shaped felspar, which is included in chloritised augite in an ophitic fashion.

Eig. 3. Monchiquite, Grainbank, Kirkwall, Orkney—magnified 20 diameters. Phenocrysts of olivine,
altered into serpentine, and of augite, lying in a groundmass of augite, biotite, and magnetite, with a small
quantity of a granular glassy base.

Eig. 4. Alnoite, Rennibuster Point (east dyke), near Kirkwall, Orkney—magnified 20 diameters. In
the upper part of the figure a phenocryst of augite with a pale centre and dark violet-brown margin. Biotite
is seen in large irregular plates below, and on the right cut perpendicular to the cleavage; on the left a plate
of biotite cut parallel to the cleavage. The biotite encloses magnetite, apatite, and at its margins the small
augites of the groundmass. A pseudomorph of calcite after olivine, enclosing perofskite on the left below.
Details of the groundmass are not shown.

Eig. 5. Alnoite, Naversdale, Orphir, Orkney—magnified 20 diameters. The left of the figure shows
one or two large plates of biotite cut parallel to the cleavage, and enclosing apatite, magnetite, augite, etc.
On the right a large plate of biotite embedded in a groundmass of little augite prisms, biotite, magnetite, and
melilite.

Eig. 6. Melilite monchiquite, Long Geo, Holm, Orkney—magnified 200 diameters. Augite in prismatic
crystals and magnetite are embedded in clear melilite, which at the upper margin is decomposed, but on the
left, a little above the centre, shows the peg structure. In the centre and on the right the pegs are not
exactly in focus, but are indicated by the parallel strise which cross the mineral.
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